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Traumatic memory reactivation with or without propranolol
for PTSD and comorbid MD symptoms: a randomised clinical

trial

Pascal Roullet'?, Guillaume Vaiva®, Etienne Véry*, Axel Bourcier®, Antoine Yrondi*, Laetitia Dupuch?, Pierre Lamy>, Claire Thalamas®,

Laurence Jasse®, Wissam El Hage” and Philippe Birmes®

Post-traumatic stress disorder (PTSD) is difficult to treat but one promising strategy is to block memory reconsolidation of the
traumatic event. This study aimed to evaluate the efficacy of traumatic memory reactivation under the influence of propranolol, a
noradrenergic beta-receptor blocker, in reducing PTSD symptoms as well as comorbid major depression (MD) symptoms. We
conducted a double blind, placebo-controlled, randomised clinical trial in 66 adults diagnosed with longstanding PTSD. Propranolol
or a placebo was administered 90 min before a brief memory reactivation session, once a week for 6 consecutive weeks. Measures
included the SCID PTSD module, the PTSD Check List (PCL-S) and the Beck Depression Inventory-Il (BDI-Il). PTSD symptoms
decreased both in the pre-reactivation propranolol group (39.28%) and the pre-reactivation placebo group (34.48 %). During the 6
treatment sessions, PCL-S and BDI-ll scores decreased to similar extent in both groups and there were no treatment differences.
During the 3-month follow-up period, there were no treatment effects for the mean PCL-S and BDI-Il scores. However, in patients
with severe PTSD symptoms (PCL-S > 65) before treatment, PCL-S and BDI-Il scores continued to decline 3 months after the end of
treatment in the propranolol group while they increased in the placebo group. Repeated traumatic memory reactivation seemed to
be effective for PTSD and comorbid MD symptoms. However, the efficacy of propranolol was not greater than that of placebo

1 week post treatment. Furthermore, in this traumatic memory reactivation, PTSD symptom severity at baseline might have

influenced the post-treatment effect of propranolol.
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INTRODUCTION

It is a well-known fact that stressful events such as man-made
traumas, natural disasters or worldwide pandemics such as Covid-
19 [1, 2] can have a significant mental health impact and lead to
conditions such as depression and PTSD. Remission of post-
traumatic stress disorder (PTSD) can be obtained by trauma-
focused psychotherapies, but treatment duration and the limited
availability of therapists are major limitations. The benefits of such
treatments decline over time [3] and a recent study of community-
based treatment for anxiety highlighted that fewer than 5% of
patients received exposure-based treatment [4]. These psy-
chotherapies may or may not be associated with pharmacother-
apy such as selective serotonin reuptake inhibitors (SSRIs).
However, 43% of patients receiving SSRI treatment do not
respond adequately and SSRIs are only superior to placebo by a
small effect size (d=—0.23) [5, 6].

One possible novel strategy is pharmacological impairment of
memory reconsolidation [7]. Reactivated memory becomes
temporarily labile and requires stabilisation referred to as
reconsolidation [8-10]. The beta-blocking compound, proprano-
lol, has been shown to interfere with memory reconsolidation
[8], suggesting its potential use as a pharmacological treatment

in conditions involving increased memory intrusions such as
PTSD [11].

The noradrenergic system is critical in modulating memory
processes, and B-noradrenergic receptor stimulation has been
found to facilitate emotional memory reconsolidation [12]. More-
over, a hyper-noradrenergic state is implicated in the pathophy-
siology of PTSD [13, 14].

In healthy humans, the B-noradrenergic receptor antagonist
propranolol was found to block memory reconsolidation in a fear
conditioning test [15] and studies have reported successful
propranolol-induced disruption of reconsolidation that persisted
for at least one month and resisted fear reinstatement [16].

From a therapeutic perspective, propranolol has been tested for
use in substance abuse [17] and phobia [18]. Brunet et al. [19]
conducted the first clinical trial in PTSD patients. They adminis-
tered a single dose of propranolol following traumatic memory
reactivation. One week later, this treatment reduced physiological
responses to mental imagery of the traumatic event. In three other
independent open-label studies, six brief trauma reactivation
sessions under the influence of propranolol resulted in significant
PTSD symptom improvement [11]. Propranolol may well have
blocked traumatic memory reconsolidation, leading in turn to
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Fig. 1 Participant flow diagram. Eligible participants were randomly assigned to group treatments (propranolol = “traumatic memory

reactivation + propranolol” group; placebo = “traumatic memory reactivation + placebo” group). Four patients did not meet the inclusion

criteria (no PTSD n=1 and PCL-S <45 at W1 n=3). W week.

symptom reduction [20]. However, Wood et al. [21] failed to find
significant group differences in PTSD symptoms with propranolol,
with or without memory reactivation, in veterans, all of whom had
been diagnosed with combat-related PTSD.

Recently, in a randomised clinical trial [22] with “pre-reactivation
propranolol therapy”, PTSD participants who actively recalled their
traumatic event under the influence of propranolol once a week
for up to 6 weeks showed a substantial decrease in symptom
scores (PTSD symptom improvement = 36%) compared to those
who underwent pre-reactivation with the placebo (PTSD symptom
improvement = 13%). Although the results of the randomised trial
were promising, there was no long-term patient follow-up.
Furthermore, 50% of the patients either did not complete the
six treatment sessions or were excluded. We decided to replicate
this study to confirm the efficacy of propranolol in reducing PTSD
symptoms and to observe the 3-month post-treatment effects.
Traumatic exposure is also associated with alcohol use disorder,
attempted suicide and major depression (MD) [23]. Considering
that approximately 30-50% of the patients with a lifetime
diagnosis of PTSD also meet the diagnostic criteria for MD [24],
we also examined the efficacy of propranolol in reducing
comorbid symptoms of depression, which has never been done
before. Therefore, the main study objective was to assess the
efficacy of propranolol in the context of traumatic memory
reactivation in reducing the severity of PTSD and MD symptoms
1 week after the end of the treatment. The secondary objective
was to assess efficacy 3 months after treatment had ended. Lastly,
for exploratory purposes, we assessed the efficacy of propranolol
according to the level of severity of PTSD symptoms at baseline.

METHODS

Study design and participants

Participants were enroled from January 2013 to October 2017
from three French regional outpatient services specialising in
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psychotraumatology in Toulouse, Lille and Tours University
Hospitals [25]. Participants had to have a primary diagnosis of
PTSD according to the DSM-IV criteria [26], with a PTSD
Checklist-Specific (PCL-S) score > 45. Participants gave their
written informed consent to take part. All procedures were
reviewed and approved by institutional review boards (Clin-
icalTrials.gov identifier: NCT01713556). The inclusion criteria
were as follows: treatment-seeking adults aged 18-65 years;
suffering from PTSD for at least 3 consecutive months and
having a PCL-S score > 45 at the first session (W1). The
exclusion criteria were as follows: contraindication to propra-
nolol (hypotension, higher than a first-degree heart block,
bronchial asthma etc.); medication recommended or suggested
for PTSD treatment; psychotherapy; basal systolic blood
pressure <100 mm Hg; basal heart rate <50 bpm; psychotic
or bipolar disorders; traumatic brain injury; current substance
or alcohol dependence; acute suicidal ideation; pregnancy and
breast feeding.

Randomisation and masking

Participants were waiting for PTSD treatment and were rando-
mised by the Toulouse University Hospital pharmacy according to
a double-blind design. Following inclusion, participants were
assigned by randomised complete block, with a 1:1 ratio to either
the “traumatic memory reactivation+propranolol” group, here-
after referred to as the propranolol group (n =33, 20 females) or
the “traumatic memory reactivation+placebo” group, referred to
as the placebo group (n =33, 21 females) (Fig. 1).

The randomisation list was drawn up by the Methodology and
Data Management Centre statistician before the start of the study
and randomisation was stratified by centre.

Patients were allocated to groups according to the chronolo-
gical order of enrolment in the protocol. Participants, care
providers and those assessing outcomes were blinded. The
placebo capsule contained only pharmaceutical grade lactose.

Neuropsychopharmacology (2021) 46:1643 - 1649



The placebo was the same size and colour as the active drug
capsules in order to maintain blind status

Procedures

Measures. The PTSD Check List (PCL-S) [27] was used to assess
PTSD symptoms. Scores ranged from 17 to 85, with higher scores
reflecting increased levels of PTSD symptoms. Scores >45 reflect a
condition that warrants clinical attention. For additional analyses,
we split our general population into two groups of patients based
on symptom severity. For this purpose, we used the median and
the mean PCL-S in the general population at session 1. The
median for the PCL-S score was 66 and the mean 64.075. We
therefore chose the value of 65, which is also the median value
between the two terminals values of the PCL-S scale for patients
with PTSD (45 and 85), to split our population into two groups,
namely non-severe PTSD (45 < scores < 65) and severe PTSD
(scores = 65).

The PTSD module’s trauma screen of the Structured Clinical
Interview for DSM-IV (SCID) [28] is a well-established semi-
structured interview to establish diagnoses consistent with the
DSM-IV. The PTSD module was applied and required participants
to refer to their traumatic experience when answering the
questions.

The Beck Depression Inventory-Il (BDI-ll) [29] is a 21-item self-
report inventory to assess the severity of depressive symptoma-
tology. Each symptom is rated from 0 to 3. The total score can
range from 0 to 63 with scores > 29 indicating symptoms of
severe depression. Percentage change in the BD-Il score was
used as a response metric, with treatment response defined as a
greater than 50% reduction in BDI scores over the course of
treatment [30].

Study medication. Propranolol hydrochloride is a lipophilic,
centrally acting B;- and [,-noradrenergic receptor blocker
[31, 32], commonly prescribed for hypertension or migraine [33].
For the first treatment session, each subject received 0.67 mg/kg
of short-acting (SA) propranolol or a placebo. If the SA dose was
well tolerated, subjects received 1.0mg/kg of long-acting
propranolol or a placebo 90 min later. Both doses were given
simultaneously for the remaining treatment sessions. Unfortu-
nately, it was not possible to administer the drugs just after
reactivation to ensure that only memory reconsolidation was
affected since propranolol reaches its peak systemic concentration
75 min after ingestion [34]. Propranolol or the placebo was
administered as soon as the patient arrived at the centre, 90 min
prior to reactivation of the traumatic memory, mainly to ensure
that an optimal blood level was achieved at the time of memory
reactivation. A nurse monitored the participants’ vital signs every
30 min throughout this 90-min period. Two (3.03%) participants in
the propranolol group reported side effects. One had a pulse rate
below 50 bpm after the first treatment session and the other
developed insomnia after the fourth treatment session. Both
subjects were excluded from the study (Fig. 1).

Trauma reactivation. This procedure is described in detail else-
where [19, 22]. In the clinical centres, 90 min after ingesting the
medication, participants wrote a one-page trauma narrative in the
present tense, first person singular, focusing on the event’s most
disturbing moments. This task took up to 30 min. The therapist
asked the patient to add some emotional details, if possible. Prior
to the second session (W2), a “traumatic script” was prepared. In
subsequent treatment sessions, 90 min after receiving the
medication, participants read their trauma script to the study
therapist. Participants were asked whether they wished to amend
or supplement their narrative.

Statistical analyses. We conducted an Intention-To-Treat (ITT)
analysis and a Per Protocol analysis. Due to the fact that only four
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patients (12.12%) per group dropped out between the first and
seventh weeks, results were very similar in both analyses and we
decided to present only the ITT analysis. The sample size (n>
28 subjects per group) was calculated to estimate an effect size (d)
comparable to that observed in the meta-analysis by Bradley et al.
[35] concerning psychotherapies for PTSD, and taking into
account 30% of patients lost to follow-up.

All statistical analyses were conducted using SPSS for Windows
version 22.0 (IBM, Armonk, N.Y.). For the demographic data, group
comparisons were calculated with Chi-square, Fisher's exact test or
the independent t-test. PCL-S and BDI-Il scores were analysed
using a Student t test or ANOVA analysis with repeated measures
(between factor: treatment; within factor: weeks). The effect size
for pre- to post-treatment according to certain conditions was also
provided for both these scores and the SCID. Cohen's d is
generally interpreted as follows: >1.0 very large, 1>d > 0.8 large,
0.8 >d = 0.5 moderate, 0.2-0.4 small. For the SCID and for severe
symptoms of depression (BDI>29), group comparisons were
calculated with Chi-square or the independent t-test.

Moreover, we added an analysis of the PCL-S score according to
the level of PTSD before the beginning of treatment (W1). To this
end, we analysed data for the PCL-S scores in patients with severe
PTSD symptoms (PCL-S score > 65; propranolol n =18, placebo n
=15) or with moderate PTSD symptoms (PCL-S 45 < score < 65;
propranolol n= 11, placebo n = 14).

RESULT
Demographic data
Patient characteristics are summarised in Table 1.

Thirty-three subjects were randomly assigned to the proprano-
lol group and 33 to the placebo group. The remaining patient
characteristics are summarised in Table 1. Only the ages of the
patients differed in the two groups (propranolol 35.6 + 12.8 years;
placebo 422 + 12.7 years; t(1.64)=2.114 p = 0.038).

For our primary outcomes measures, we found a highly
significant difference in PCL-S scores between W1 and W7 for
both the propranolol group [t(28)=5.683 p<0.001] and the
placebo group [t(28) = 7.410 p < 0.001] (Fig. 2A). A complementary
analysis showed that, for the PCL-S score during the treatment
assessment, there were no general treatment effects [F(1,55) =
0.267 p =0.607] and no interaction between the treatment and
the session [F(6,330) = 1.682 p =0.125] but a general significant
session effect [F(6,330) =47.719 p <0.001]. Thus, the PCL scores
decreased to similar extent in both groups. The pre- to post-
treatment effect sizes (Cohen’s d) were 1.249 in the propranolol
group and 1.411 in the placebo group. For each session (W2-W?7),
no significant differences were found between the propranolol
and placebo groups.

The SCID Post-treatment PTSD diagnosis decreased in both
groups with no significant intergroup differences (p =0.707) at
W?7. Almost two-thirds of the patients were in remission 1 week
post treatment: 60.72% in the propranolol group and 65.52% in
the placebo group.

The BDI-Il scores for the two groups are presented in Fig. 2B.
The treatment assessment did not highlight any general treatment
effects [F(1,55) = 0.199 p = 0.658] or any interaction between the
treatment and the session [F(6,330)=0.486 p=0.819] but a
significant session effect was apparent [F(6,330) =38.321 p<
0.001]. Therefore, BDI-Il scores decreased to similar extent in both
groups. The pre- to post-treatment effect sizes (Cohen’s d) were
0.941 in the propranolol group and 0.974 in the placebo group.

Before the first treatment session, BDI-ll scores = 29 (severe)
were recorded in 54.5% (18/33) and 57.6% (19/33) of the
propranolol and placebo patients, respectively. BDI-Il scores > 29
decreased significantly in both groups between W1 and W7 (p <
0.001). After six treatment sessions, the level of severe depression
dropped dramatically to 10.7% in the propranolol group and to
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Table 1. Demographic and clinical characteristics.
Total Memory Memory
reactivation+  reactivation+
Propranolol Placebo
(n = 66) (n=33) (n=33) p value®
Age (year) Mean (SD) 38.9 (13.1) 35.6 (12.8) 42.2 (12.7) 0.038
Duration of trauma before 6.3 (11.23) 74 (11.5) 52 (11) 0.422
treatment (year)
Gender, No. (%) of women 41 (62.12) 20 (60.6) 21 (63.6) 0.799
College education 29 (43.93) 11 (33.33) 18 (54.54) 0.082
Formal education
Primary and secondary 1 (1.51) 1(3.12) 0 (0)
High school 35 (53.03) 20 (62.5) 15 (45.45)
University 29 (43.93) 11(34.37) 18 (54.54) 0.136
Employment/professional status
Employed 42 (63.63) 20 (60.6) 22 (66.67)
Unemployed + 14 (21.21) 6 (518.18) 8 (24.24)
housewife
Retired 1(1.51) 0 (0) 1(3.03)
Student 9 (13.63) 7 (21.21) 2 (6.06) 0.252
Marital status
Single 24 (36.36) 16 (48.48) 8 (24.24)
Married 33 (50.00) 14 (42.42) 19 (57.57)
Separated/divorced 9 (13.63) 3 (9.09) 6 (18.18) 0.101
Index trauma
Motor vehicle accident, 19 (28.78) 8 (24.24) 11 (33.33)
work accident
Physical assault 22 (33.33) 10 (30.30) 12 (36.36)
Sexual trauma 12 (18.18) 8 (24.24) 4(12.12)
Combat, war zone, 5 (7.57) 3 (9.09) 2 (6.06)
captivity
Life threatening event 1 (1.51) 1(3.03) 0 (0)
Sudden 4 (6.06) 2 (6.06) 2 (6.06)
unexpected death
Other 3 (4.54) 1 (3.03) 2 (6.06) 0.778
Current comorbid diagnosis
Mood 43 (65.15) 22 (66.67) 21 (63.6) 0.796
Anxiety 37 (56.06) 19 (57.57) 18 (54.54) 0.804
Alcohol/ 8(12.12) 3 (9.09) 5 (15.15) 0.45
Substance abuse
Other 4 (6.06) 2 (6.06) 2 (6.06) 1
The data include the No. of events (%) or mean (SD).
M mean, SD standard deviation; n = number.
2Group comparisons calculated with Chi-square, Fisher’s exact test or the
independent t-test.

10.3% in the placebo group. Treatment response rates of 7/18
(38.88%) and 6/15 (40%) were documented in the propranolol and
placebo groups, respectively. No significant differences were
noted in these two measurements.

3-month follow-up

The rates of SCID PTSD diagnoses at 3 months post treatment
were low (14.3% in the propranolol group and 24% in the placebo
group) but there was no significant difference between the two
groups (p =0.408). However, these low rates are partly biased
because some patients were withdrawn from the study after
session 7 for another treatment.

At the 3-month follow-up consultation, there were no treatment
effects for the mean PCL-S scores during the 18th week
(propranolol 45.16 + 19.55; placebo 41.48 £ 19.04; t(1,49) = 0.680
p = 0.500) or for the change in this score between weeks 7 and 18
(propranolol —3.30+8.10; placebo —1.28+11.0; t(1,49)=0.739
p = 0.464).

Three months post treatment, low BDI-Il scores were recorded
in both groups (propranolol: 15.64 + 13.01; placebo: 17.76 + 15.12).
These BDI scores continued to decrease between W7 and W18 for
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the propranolol group (—2.64) but increased slightly for the
placebo group (41). However, this change was not deemed
significant (t(1,47)=1.738 p = 0.089).

Analysis by PTSD level

We checked whether propranolol treatment had the same effects
in patients with severe PTSD symptoms (PCL-S score > 65) and
those with non-severe PTSD symptoms (PCL-S 45 < score < 65)
prior to treatment. During treatment sessions (W1-W?7), we noted
no difference in the PCL-S and BDI-ll scores between the
propranolol and placebo groups for patients with severe or non-
severe PTSD symptoms (Fig. 3).

Three months post treatment, for non-severe PTSD symptoms
groups, PCL-S and BDI scores continued to decrease slightly in
both groups of patients and the relationship between change and
treatment was not significant [PCL-S: F(1,18)=0.094 p = 0.76; BDI: F
(1,18) = 0.154 p = 0.700]. At W18, the PCL-S scores seemed higher
in propranolol patients than in placebo patients but this difference
was not significant [PCL-S: t (19) =1.415 p=0.173; BDI: t (18) =
0.810 p =0.428]. The between group effect size (Cohen’s d) was
0.168 for the BDI score and 0.404 for the PCL-S score but in favour
of the placebo group. In contrast, for the severe PTSD symptoms
groups, both the PCL-S score and the BDI-Il score for propranolol
patients continued to decrease, which was not the case for the
placebo patients. The relationship between change in the PCL-S
score and treatment was significant for both scores [PCL-S: F(1,26)
=4.315 p=10.048; BDI: F(1,27) = 8.457 p = 0.007] and the between
group effect size was moderate for the PCL-S score (d = 0.520) and
very large for the BDI score (d = 1.06). However, at W18, we found
no significant treatment effect for either score [PCL-S: t (26) =
0.825 p=0.417; BDI; t (19) = 1.700 p =0.101].

DISCUSSION

In this randomised, double-blind, placebo-controlled study of
propranolol vs. placebo, we were unable to replicate the results of
Brunet et al. [22]. In fact, at the end of treatment, we found no
difference in the PTSD scores between the propranolol and
placebo groups. However, as was expected [11, 22], participants
who actively recalled their traumatic event under the influence of
propranolol once a week for up to 6 weeks showed a substantial
decrease in PTSD symptoms (W7-W1 PCLs score: —17.1). The non-
replication of Brunet's study can be particularly attributed to the
placebo group. Even a pre-reactivation placebo effect was
expected but, surprisingly, the PCL-S scores (W7-W1 PCL-S score:
—18.9) showed a comparable improvement to that of the
propranolol group. This significant improvement in the placebo
group could be attributed to the exposure procedure which was
repeated six times and to the fact that patients completed 7 PCL-S
which could also have served as a form of exposure. However, the
duration of the reactivation sessions in our study was very short,
from 3 to 10 min, without psychotherapeutic intervention during
memory reactivation. This period is extremely short compared to
trauma-focused psychotherapy sessions and should only activate
the reconsolidation process and not the extinction process [36]. It
should be noted that this brief reactivation of traumatic memory
was much more direct and certainly more destabilising than in
other therapies.

However, Brunet et al. [22] recorded only a minor improvement
(W7-W1 PCL-S score: —5) in the placebo group. This difference in
PCL-S scores cannot be explained by a difference in protocol
because we used exactly the same reactivation procedure as in
the Brunet's study. However, the setting for this reactivation
procedure may differ in the two studies. In our investigation, we
asked patients to reactivate their traumatic memory in a safe
environment, i.e., at clinical trial sites in university hospitals. In
addition, nurses and all medical staff were empathetic towards
patients. When reactivation was linked to major emotional
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symptoms (crying, tremor, malaise, agitation, etc.), the psycholo-
gist had words of comfort to the participants but was instructed
not to adopt a psychotherapeutic approach. This succession of
human and empathic interactions certainly partly explains the
protocol effect for participants who received the placebo. An
important factor that could have influenced the evolution of PCL-S
scores was the female/male ratio. However, this ratio was very
similar in both studies (58.3% in Brunet's study and 62.1% in our
study). Sample size is also an important factor in this type of study.
Nevertheless, at the beginning of the protocol (W1), the sample
sizes were very similar in the two studies; 30 patients per group for
the Brunet's study and 33 per group for our study. However, the
only important difference between the two studies was the
number of patients remaining at the end of the treatment
protocol (W7); 15 patients per group for the Brunet’s study and 29
per group for our study. Therefore, in our study, 12.12% (8/66) of
the patients dropped out compared to 50% in the Brunet’s study,
hence 30 of the 60 patients did not complete the 6 treatment
sessions. This was the first instance of follow-up 3 months after
treatment and 77.3% (51/66) of the patients were still participating
in the study. Improvement was extremely stable in the
propranolol group. However, in the placebo group, the PCL-S
score increased again in 21% of the patients. This difference in
stabilisation depended mainly on our patients’ PCL-S baseline
levels. For non-severe PCL scores at baseline, stabilisation was
evident in both patient groups. In contrast, for subjects with
severe PCL scores at baseline, we noted a slight increase in these
scores in the placebo group while the propranolol group scores
continued to improve.

In addition, we showed that comorbid symptoms of depression
were also sensitive to this treatment. We noted a significant
decrease in BDI-ll scores during the various treatment sessions and
the number of patients with severe symptoms of depression
decreased from 56% before starting treatment to 10% at the end
of treatment. Once again, no significant difference between
propranolol and placebo was observed in any patient during the
six treatment sessions. In contrast, during the 3-month follow-up
period, propranolol treatment was very effective in the manage-
ment of depression in patients with a severe PCL score before
treatment. In this group, the BDI-ll score continued to decline
3 months after treatment had ended, whereas it increased in
placebo patients. This significant decrease in BDI-Il scores also
could be linked to an improvement in negative alterations in
cognition and mood associated with the traumatic event, and
mainly concerning rumination (shared by PTSD and MD) [37].
Moreover, in the cognitive model of depression, cognitive
functions (biased attention, biased processing, biased thoughts
and rumination, biased memory, and dysfunctional attitudes and
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schemas) have been consistently associated with the onset,
continuation and recurrence of the disorder [38, 39]. Focusing on
autobiographical memory dysfunction, which is frequently
reported with this disorder (mainly over general memory
recollection), Kohler et al. suggested that manipulation of the
reconsolidation of autobiographical memories might represent a
novel therapeutic approach for depression treatment [39]. This
could partially explain the significant decrease in BDI-ll scores
highlighted in our study.

Propranolol appears to be more effective in decreasing PTSD
and comorbid depression symptoms in patients with severe PTSD
scores prior to treatment. Given the high and positive correlation
between CSF norepinephrine levels and the severity of PTSD
symptoms [40], one possible explanation is that the reactivation of
traumatic memory in a patient with severe PTSD may result in the
release of a higher level of norepinephrine than in traumatic
memory reactivation in a patient with non-severe PTSD.

This study has several limitations. Our hypothesis concerning
the results is that blocked traumatic memory reconsolidation
could in turn lead to symptom reduction. However, as
propranolol reaches its peak systemic concentration 75 min after
ingestion, this medication was given before reactivation and we
did not have the necessary controls (such as preservation of
post-reactivation short-term memory) to prove that memory
reconsolidation blockade was the active mechanism. The long-
term efficacy of such interventions and continued gains
following termination have not yet been assessed. Further
studies should include long-term follow-up of at least 6-month
duration. It seems very difficult to strictly analyse the effect of
propranolol and the effect of human interactions associated with
this type of protocol separately. Artificially and theoretically, we
could design a protocol without any human intervention.
However, such total dehumanisation in the management of
patients suffering from a mental disorder would be incongruent
and unethical.

CONCLUSION

This study showed that the traumatic script reactivation procedure
is effective, since in all patients, we obtained effect sizes
comparable to those observed in trauma-focused therapies and
greater than those associated with pharmacological treatments.
However, at the end of the treatment we did not find propranolol
to be more effective than placebo, which was the main purpose of
this study. Our secondary objective was to examine changes in the
PCL-S and BDI scores 3 months after treatment had ended. These
scores stabilised well but this seemed to depend on the level of
severity of PTSD at baseline. Although this was only an exploratory

SPRINGER NATURE

1647



Traumatic memory reactivation with or without propranolol for PTSD and...

P Roullet et al.

A Change in PCL-S scores
80 with severe or non-severe PTSD scores
“|severe PTSD score - placebo
704 -©- propranolol
S 60-
O
» 504
U,) non-severe
-4 JPTSD
o 40 score
o
30
20
1 2 3 4 5 6 7 18
Weeks

B Change in BDI-Il scores
with severe or non-severe PTSD score
40 - severe PTSD score Bl placebo
-©- propranolol
S 30-
a8
Z 20> g
raY non-severe 20)--
a PTSD score ﬁ."'i:"_“ﬂ---—e __________ o
10 s
A
0 .
1 2 3 4 5 6 7 18

Weeks

Fig. 3 Change in PTSD and MD symptoms based on initial PTSD severity before treatment. A Change in PTSD symptoms during
the treatment period depending on the initial level of PTSD (mean PCL-S score), B change in MD symptoms during the treatment
period depending on the initial level of PTSD (mean PCL-S score). Propranolol = “traumatic memory reactivation -+ propranolol” group;
Placebo = “traumatic memory reactivation + placebo” group. *p < 0.05, **p < 0.01.

objective, stabilised clinical improvement in the propranolol group
did not differ from that observed in the placebo group in patients
with non-severe PTSD, whereas propranolol seemed effective in
stabilising improvement in patients with severe PTSD.

In addition, some placebo patients showed marked improve-
ment in their symptomatology, which was comparable to the
improvement observed in the propranolol group. These results
not only show that the procedure with reactivation and
propranolol seems to be effective, but that the same reactivation
procedure with placebo can also be effective. It is important to
note that these new results are not entirely “negative findings” as
both procedures tested demonstrate a strong decrease in the PCL-
S score during treatment sessions and allow remission in many
patients. These innovative results suggest interesting perspectives
in terms of understanding the mechanisms underlying these
procedures as well as open clinical perspectives. In fact, these
results could indicate that effective reactivation of traumatic
memory can lead to total destabilisation of memory traces of the
traumatic event as has already been demonstrated in animal
research [14, 41]. It seems essential and perhaps even sufficient to
achieve remission in case of non-severe PTSD. This assumption is
purely exploratory and requires further investigation in order to
conclude whether or not the level of intensity of PTSD and
depressive symptoms at baseline could affect the therapeutic
response. However, if this hypothesis is verified, the results of this
study open up very interesting clinical perspectives. In fact, two
therapeutic procedures could be proposed: for severe PTSD,
therapy with propranolol and brief intense reactivation of
traumatic memory, and for less severe PTSD, the same procedure
without propranolol and without the potential of frequent adverse
effects (bradycardia, insomnia, nightmares, etc.). In the latter case,
this would allow rapid and inexpensive non-medical management
and could benefit patients with contraindications to propranolol
(asthma, etc.) or those who refuse any pharmacological treatment.
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