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Translational research highlights the potential of novel 'memory consolidation/reconsolidation therapies' to treat re-experiencing
symptoms and post-traumatic stress disorder (PTSD). This systematic review and meta-analysis assessed the efﬁcacy of so-called
memory consolidation/reconsolidation therapies in randomised controlled trials (RCTs) for prevention and treatment of PTSD and
symptoms of re-experiencing in children and adults (PROSPERO: CRD42020171167). RCTs were identiﬁed and rated for risk of bias.
Available data was pooled to calculate risk ratios (RR) for PTSD prevalence and standardised mean differences (SMD) for PTSD/reexperiencing severity. Twenty-ﬁve RCTs met inclusion criteria (16 prevention and nine treatment trials). The methodology of most
studies had a signiﬁcant risk of bias. We found a large effect of reconsolidation interventions in the treatment of PTSD (11 studies,
n = 372, SMD: −1.42 (−2.25 to −0.58), and a smaller positive effect of consolidation interventions in the prevention of PTSD
(12 studies, n = 2821, RR: 0.67 (0.50 to 0.90). Only three protocols (hydrocortisone for PTSD prevention, Reconsolidation of
Traumatic Memories (RTM) for treatment of PTSD symptoms and cognitive task memory interference procedure with memory
reactivation (MR) for intrusive memories) were superior to control. There is some emerging evidence of consolidation and
reconsolidation therapies in the prevention and treatment of PTSD and intrusive memories speciﬁcally. Translational research
should strictly adhere to protocols/procedures describing precise reconsolidation conditions (e.g. MR) to both increase the
likelihood of positive ﬁndings and more conﬁdently interpret negative ﬁndings of putative reconsolidation agents.
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INTRODUCTION
Scientiﬁc advances over the previous 20 years have demonstrated
that, contrary to previous thinking, memories are highly malleable
and that this may have applications for therapeutic innovation
[1, 2]. Basic scientiﬁc research into the neurobiology of memory
formation (initial memory consolidation) and memory reconsolidation (for older memories) suggests a hypothetical process
whereby memory is retrieved and altered [3, 4]. Translational
clinical studies have aimed to utilise such basic scientiﬁc advances
in memory modiﬁcation mechanisms (consolidation and reconsolidation) to prevent and treat psychopathology—particularly the
re-experiencing of distressing traumatic memories and posttraumatic stress disorder (PTSD) [1, 5–8]. In 2000, Nader et al. [3] ‘s
seminal paper demonstrated that neuroplasticity and protein
synthesis are not only required for the consolidation of new
emotional memories but also when already consolidated fear
memories are retrieved. The process of reconsolidation can lead to
three outcomes: no change, a stronger memory or a weaker
memory. That is, the hypothesis suggests that once retrieved (e.g.
via memory reactivation (MR)), new protein synthesis can alter old
memories, and reform them without their previous emotional
salience via reconsolidation update mechanisms. While Misanin
et al. [9] showed post-retrieval memory modiﬁcation was possible

with electroconvulsive shocks, Nader et al [3]. demonstrated that
the protein synthesis antagonist anisomycin can be given to block
memory reconsolidation and produce amnesia in rodents.
Anisomycin is toxic in humans, but the work provides insights
into the mobilisation and adaptation of emotional memories as a
treatment after trauma [10, 11].
Such insights in memory modiﬁcation/cognitive science [12]
have led to various novel therapies emerging, that here we term
'memory consolidation/reconsolidation therapies'—therapies
where the development or delivery of the therapeutic modality
has been informed by reconsolidation theory and with the stated
aim of targeting reconsolidation/consolidation. So-called consolidation/reconsolidation therapies include heterogeneous methods
such as pharmacological interference with the reconsolidation of
the destabilised memory. Here we group these into three broad
domains—(i) those using pharmacological agents (e.g. propranolol [13], hydrocortisone [14]), (ii) those using psychological therapy
techniques e.g. The Rewind Technique [15], Reconsolidation of
Traumatic Memories (RTM) [16] and (iii) behavioural consolidation
studies using cognitive tasks e.g. cognitive task memory
interference procedure with MR [17].
Some consolidation/reconsolidation therapies have primarily
targeted intrusive images and re-experiencing phenomena
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[16, 17]. This focused symptom approach might be useful in its
own right (given there are 636,120 different ways to have PTSD
[18]). Reducing intrusive symptoms may also have useful downstream effects since they are hypothesised to be a mediator of
other PTSD symptom clusters [19, 20]). A second reason to take a
single symptom approach is that it can represent a more direct
translation of developments in experimental/cognitive science [1].
New targets and stepwise adaptation from lab procedures may be
useful as to date many approaches to prevent and treat the full
syndrome of PTSD have failed or are inaccessible [21, 22]. Here we
adopt the terminology of consolidation and reconsolidation
therapies to describe speciﬁc novel interventions, though some
established PTSD therapies may work through similar mechanisms. For example, it has long been argued that trauma-focused
cognitive behavioural therapy (TF-CBT) [23] and eye movement
desensitisation and reprocessing (EMDR) [23] may ameliorate
PTSD symptoms partly via extinction, but they also aim to modify
an old trauma memory following reactivation, thus, arguably,
could be working at least in part via reconsolidation update
mechanisms. On the other hand, some of the studies we consider
in this review are included as they purport to use 'reconsolidation'
by some clinicians and researchers even though may not fully
meet some fundamental requirements of reconsolidation theory
e.g. RTM, which involves rewinding techniques [16]. To summarise,
this review has included studies where the development or
delivery of a therapeutic modality has been informed by
reconsolidation theory, regardless of the modality of the
intervention (e.g. pharmacological/psychological therapy/taskbased) and with the stated aim of targeting reconsolidation/
consolidation. This systematic review aimed to summarise the
evidence for and assess the efﬁcacy of so-called consolidation/
reconsolidation therapy RCTs in the prevention and treatment of
PTSD, PTSD symptoms and intrusive symptoms.
METHODS
We adopted a methodology based on the Cochrane Handbook for
Systematic Reviews of Interventions [24] and completed a PRISMA
checklist (Supplementary Table 1). The study was registered and
adhered with the International Prospective Register of Systematic
Reviews (PROSPERO: CRD42020171167) [25].
We cannot directly measure if consolidation/reconsolidation has
occurred in human participants, and here (as discussed above) we
only included therapies which speciﬁcally tried to target
consolidation/reconsolidation i.e. drawn on this theory as a
hypothesised mechanism of change. This, however, provides no
assurance that reconsolidation has been achieved. Most reconsolidation therapies and some consolidation therapies attempted to
trigger reactivation of the traumatic memory, as this is a
prerequisite to reconsolidation [2, 26], with the stated aim of
targeting reconsolidation/consolidation, although we must remain
agnostic about the true underlying mechanism of action.
Previous basic and clinical papers have not paid great attention
to the role of MR within such procedures, with some experimental
studies missing it out completely [27]. It is however critical from a
theoretical perspective and warrants highlighting here. MR will
have occurred in some consolidation studies via an external cue
(e.g. a prompt in psychotherapy; or memory reminder cue before
a cognitive task) and in others via a memory orientation context
cue [2] (e.g. the therapy was administered in the same place as
their trauma occurred. Reviewing this literature highlights that
procedural details may not be clear within the paper and may be
useful to ﬁnd ways of recording and training procedures as
apparently small differences may have large impacts.
We included both prevention and treatment of PTSD consolidation/reconsolidation therapies as they include some mechanistic
similarities, with both attempting to draw on consolidation/
reconsolidation theory to alter a memory within a certain

timeframe. The therapies themselves have attempted to target
consolidation/reconsolidation in a variety of ways.
Selection criteria
The inclusion criteria were: (a) any RCT (including cluster and crossover trials); (b) investigating the effects of a consolidation/
reconsolidation-based prevention or treatment intervention; (c)
when compared to placebo, pharmacological or psychosocial
interventions; (d) in participants exposed to a traumatic event with
PTSD or acute stress disorder (ASD) symptoms measured using one
or more validated clinician-administered or self-report outcome
measures. Both published and unpublished studies were eligible
for inclusion. Only studies published in English were included.
Search strategy and selection criteria
The complete search strategy is included in the appendix. All
abstracts were appraised by two independent screeners (L.A.W.
and L.H.) and any disagreements were discussed. The full text of
any potentially relevant papers was acquired and if we were
unable to locate the full text for any study, we contacted the
corresponding author to request the paper. To determine if
potentially relevant studies met the inclusion criteria the full text
was independently reviewed by two authors (L.A.W. and L.H.).
Data extraction
Data were extracted by two independent reviewers using identical
data extraction forms (L.A.W. and L.H.) (ﬁrst extracted 08/05/20).
Any irregularities between reviewers was discussed and consensus
agreed on with reference to a third reviewer if necessary (J.I.B.).
Assessment of study bias
The Cochrane Collaboration’s tool for assessing the risk of bias in
randomised trials [28] was used for each study. The risk of bias was
assessed by two independent reviewers (L.A.W. and L.H.) and any
disagreement was resolved by discussion. A GRADE judgement
(which assesses the quality of evidence to make recommendations for clinical practice [29]) was presented for each outcome.
Synthesis of results
The primary outcome in the meta-analysis for preventative studies
was a reduction in PTSD incidence and/or severity of reexperiencing symptoms 3–6 months after the traumatic event,
while for treatment studies the primary outcome was a reduction
in PTSD incidence and/or severity of re-experiencing symptoms
3–6 months post-intervention (it was agreed a priori that the
nearest time point to this would be accepted and the vast majority
of included reconsolidation studies only reported outcomes in the
1–4 weeks post-intervention). This timeframe was chosen to
demonstrate the stability of treatment effects, which unfortunately could not be assessed by some studies. For PTSD/reexperiencing severity we calculated SMD and for PTSD incidence
we calculated RR, along with associated conﬁdence intervals.
For outcomes included in more than one study, we measured
statistical heterogeneity by calculating the I2 statistic. An I2 of less
than 30% was taken to indicate mild heterogeneity and a ﬁxedeffects model was used. When the I2 was greater or equal to 30%
a random-effects model was used. Data were collated from
different consolidation/reconsolidation therapies separately
according to their modality, as well as pooling the data. All
analyses were performed using the Cochrane Collaboration’s
Review Manager 5.3 software [30].
RESULTS
Previous searches [21–23, 31–33] produced 186 papers for
analysis. The updated search contained 3188 papers. We
examined the full text of 48 papers and 25 of these met the
inclusion criteria. The other 23 were excluded as per Fig. 1.
Translational Psychiatry (2021)11:453
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Fig. 1

PRISMA ﬂow diagram.

Thirteen of the included studies were identiﬁed in the original
searches [34–46], four from the updated search [13, 16, 17, 47],
ﬁve from reference checking [10, 14, 48–50], and three provided
by the authors themselves [51–53]. The 25 included studies
included 2121 participants, with 16 prevention trials (n = 1789)
and nine treatment trials (n = 432). One study was excluded from
the meta-analysis as it lacked sufﬁcient information [42]. Only one
study assessed children/adolescents [39]. Tables 1 and 2 display
detailed characteristics of the trials.
All studies assessed PTSD incidence (seven RCTs) or severity (18
RCTs) and of the prevention studies, only Stein et al. [43] and
Horsch et al. [50] also assessed ASD, with three other studies
[17, 51, 53] also assessing traumatic stress symptoms at 1-week
post-trauma (symptoms must be present for 1 month following
trauma to diagnose PTSD), the latter two doing so deliberately as a
primary outcome since their target was this and not full PTSD.
Seven studies also reported re-experiencing subscales for their
PTSD outcomes [16, 17, 34, 48, 50–52] with three also reporting
intrusive memories via a paper diary (not the syndrome of PTSD)
as their primary outcome measures [50, 53, 54]. One study [14]
reported that ‘IES-R intrusion and arousal scores did not differ
between the treatment groups’ but did not provide subscale data.
Only eight studies also measured depressive symptom outcomes [10, 14, 17, 35, 43, 44, 46, 50], with four trials also assessing
anxiety outcomes [17, 44, 46, 50] and two RCTs measuring health
related quality of life (HRQOL) [36, 45]. Of these, only three
hydrocortisone trials found differences in depression [35, 46],
anxiety [35, 46] or HRQOL [35, 45].
When measuring outcomes from all trials, a clinician-administered
measure was used where available (nine studies [10, 13, 35, 37,
39–41, 44, 46] and self-report questionnaires if not (16 studies).
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Risk of bias assessments
The quality of these RCTs was highly variable and the
methodology of most studies had signiﬁcant risk of bias
(Supplementary Tables 2 and 3).
Only
nine
trials
used
intention-to-treat
analyses
[13, 16, 17, 34, 38, 44, 47, 50, 52],with the other 16 trials either
using an unspeciﬁed or completer only analysis.
Meta-analyses
The results of our meta-analyses are shown in Tables 3 and 4, with
associated forest plots in Figs. 2 and 3. A large effect was found for
RTM versus waitlist placebo in four trials as well as for
consolidation hydrocortisone versus placebo in ﬁve RCTs. CMTR
was superior to control in preventing intrusive memories in three
RCTs.
DISCUSSION
This meta-analysis assessed the efﬁcacy of so-called, consolidation/reconsolidation therapy RCTs (although we must remain
agnostic about the true underlying mechanism of action) in the
prevention and treatment of PTSD, PTSD symptoms and intrusive
symptoms. We found evidence of a large effect of psychological
and pharmacological reconsolidation interventions, when
grouped together, in the treatment of PTSD symptoms, and a
smaller positive effect of psychological and pharmacological
consolidation interventions in the prevention of PTSD. There
was a wide range in the efﬁcacy of the compared treatments. This
is the ﬁrst meta-analysis to assess the impact of consolidation and
reconsolidation therapies on the prevention and treatment of
PTSD (and symptoms of re-experiencing) and identiﬁed three

Country

Trauma sample

Combat-related

Combat-related

Combat-related

USA

USA

USA

USA

USA

Brazil

Wood et al. 2015
Study 1a

Wood et al. 2015
Study 2a

Wood et al. 2015
Study 3a

Suris et al. 2010a

Suris et al. 2013a

Corchs et al. 2018a

Mixed

USA

USA

Gray et al.
Unpublisheda

Tylee et al. 2017a
RTM

RTM

RTM

RTM

ECT & MR (traumatic)

Sirolimus & MR

Hydrocortisone & MR

Mifepristone & Dcycloserine & MR

Mifepristone & MR

Propranolol & MR

Propranolol & MR

Waitlist control

Waitlist control

Waitlist control

Waitlist control

ECT & MR
(neutral)

Placebo & MR

Placebo & MR

Double placebo

Mifepristone

Propranolol

Placebo & MR

Comparator

27

29

≤3
3

31

69

8

51

19

31

28

18

60

n

3-5

3

6

1

1

1

1

1

6

No. of
sessions

PTSD severity (PCLM, PSS)

PTSD severity (PCLM, PSS)

PTSD severity (PCLM)

PTSD severity (PCLM)

PTSD severity (DTS)

PTSD severity (CAPS
& PCL)

PTSD severity (IESR)

PTSD severity (IESR)

PTSD Severity (IESR)

PTSD severity (IESR)

PTSD severity (CAPS
& PCL-C)

PTSD outcome

2 weeks

2 weeks

2 weeks

2 weeks

1 month

1, 3 months

1 week

2 weeks

1 week

1 week

1 week,
6 months

Follow up

2 week PTSD severity

2 week PTSD severity

2 week PTSD severity

2 week PTSD severity

Skin conductance responses
and subjective reactivity to
trauma recollection

1 & 3 month PTSD severity

1 week PTSD severity

2 week PTSD severity

1 week PTSD Severity

1 week PTSD severity

1 week PTSD severity

Primary outcome

PTSD post-traumatic stress disorder, ASD acute stress disorder, n number of participants included at ﬁnal assessment, CAPS clinician Administered PTSD scale, IES-R impact of events scale - revised, DTS Davidson
trauma scale, PCL-C PTSD checklist - civilian version, PCL - M PTSD checklist - military version, PSS posttraumatic symptom scale, MR memory reactivation, RTM reconsolidation of traumatic memories.
a
Included in meta-analysis.

Combat-related

Mixed

USA

Gray et al. 2015a

Mixed

USA

Gray et al. 2017a

Adult psychological reconsolidation

Unspeciﬁed

Combat-related

Combat-related

Unspeciﬁed

Canada

Brunet et al. 2018*

Reconsolidation
procedure

Characteristics of included reconsolidation studies.

Adult pharmacological/ECT reconsolidation

Study

Table 1.
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Country

Trauma sample

Injury

Cardiac Surgery

Germany

Germany

Germany

Israel

Netherlands

USA

USA

USA

Netherlands

Schelling et al.
2001a

Schelling
et al. 2004
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Weis et al.
2006a

Zohar et al.
2011a

Kok et al.
2016a

Hoge et al.
2012a

Pitman et al.
2002a

Stein et al.
2007a

Van Zuiden
et al. 2017a

USA

Israel

Switzerland

Freedman
et al. 2020a

Horsch et al.
2017a

Adult psychological consolidation

Nugent 2007

Caesaraen section

Injury

Injury

Child/Adolescent pharmacological consolidation

Injury

Injury

Injury

Injury

Cardiac Surgery

Cardiac Surgery

Septic Shock

Septic Shock

Germany

Denke et al.
2008a

Injury

USA

Delahanty
et al. 2013a

Cognitive task
memory
interference

Virtual reality
pain task

Propranolol

Oxytocin

Propranolol

Propranolol

Propranolol

Dexamethasone

Hydrocortisone

Hydrocortisone

Hydrocortisone

Hydrocortisone

Hydrocortisone

Hydrocortisone

Consolidation
procedure

Characteristics of included consolidation studies.

Adult pharmacological consolidation

Study

Table 2.

No
intervention
No
intervention

<6 h

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Placebo

Standard
therapy

Placebo

Placebo

Placebo

Comparator

<8 h

<12 h

6–12 h

<48 h

<6 h

4–12 h

<6 h

<6 h

<6 h

<6 h

<6 h

<6 h

<12 h

Timing
after trauma

1

1

2.5 mg/kg
per day

40IU BD
intranasal 8/7

20 mg TDS PO
2/7, 40 mg TDS
PO 8/7, plus 4/
6 taper

40 mg QDS
PO 10/7

120 mg BD PO
10/7 plus 9/
7 taper

1 mg/kg
IV bolus

100–140 mg
IV bolus

100 mg IV
bolus, plus 2/7
continuous
infusion and 2/
7 taper

100 mg IV
bolus, plus 2/7
continuous
infusion and 2/
7 taper

100 mg IV
bolus, plus 12/7
continuous
infusion 12/7
and 6/7 taper

50 mg QDS IV
5/7 plus 6/
7 taper

20 mg BD PO
10/7 plus 6/
7 taper

No. of sessions/
dose

56

55

20

107

38

24

41

2458

17

ASD severity, PTSD
severity (ASDS &

PTSD severity (PSS)

PTSD incidence &
severity (CAPS-CA)

PTSD incidence &
severity (CAPS)

ASD severity & PTSD
incidence (ASDS
& PCL-C)

PTSD incidence &
severity (CAPS)

PTSD incidence &
severity (CAPS)

PTSD incidence
(PTSS-10)

PTSD
incidence (CAPS)

PTSD incidence
(PTSS-10)

PTSD severity (PTSS10)

48

28

PTSD incidence &
severity (SCID-IV &
PTSS-10)

PTSD incidence
(PTSS-10)

PTSD
severity (CAPS)

PTSD/ASD outcome

20

18

43

n

1 week,
1 month

2 weeks,
6 months

6 weeks

1.5, 3, 6 months

1, 4, 8 months

1, 3 months

1, 3 months

18–48 months

3 months

6 months

6 months

31 months

12 months

1, 3 months

Follow up

1 week intrusive
memory
frequency

2 weeks &
6 month PTSD
severity

6 week PTSD
incidence &
severity

1.5, 3 & 6 month
PTSD incidence
& severity

1, 4 & 8 month
ASD severity &
PTSD incidence

1 & 3 month
PTSD incidence
& severity

Physiological
reactivity during
script-driven
traumatic
imagery

18–48 month
PTSD incidence

3 month PTSD
incidence

Duration of
intensive care
unit treatment

6 month PTSD
severity

31 month PTSD
incidence &
severity

12 month PTSD
incidence

1 & 3 month
PTSD severity

Primary
Outcome
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UK

Sweden

Iyadurai et al.
2018a

Kanstrup et al.
2021a

Injury

Injury

Trauma sample

Cognitive task
memory
interference
procedure with MR

Cognitive task
memory
interference
procedure with MR

Consolidation
procedure
procedure
conducted at the
site of trauma

<72 h

<6 h

Timing
after trauma

Podcast
control

Attentionplacebo
control

Comparator

1

1

No. of sessions/
dose

41

71

n

PTSD incidence &
severity (IES-R &
MINI) & intrusive
memory frequency

PTSD incidence &
severity (IES-R &
PDS) & intrusive
memory frequency

PDS) & intrusive
memory frequency

PTSD/ASD outcome

1 week, 1, 3,
6 months

1 week,
1 month

Follow up

1 week intrusive
memory
frequency

1 week intrusive
memory
frequency

Primary
Outcome

PTSD severity 2 weeks
Re-experiencing severity 2 Weeks

RTM

RTM

4

4

2

7

7

11

Comparisons

157

157

78

215

235

372

Participants (n)

92%

SMD: −2.29 (−3.55 to
−1.04)

80%
83%
78%

SMD: 0.32 (−0.93 to 1.56)
SMD: −3.64 (−5.07 to
−2.20)
SMD: −3.60 (−4.85 to
−2.35)

30%

91%

SMD: −1.42 (−2.25 to
−0.58)

SMD: −0.26 (−0.60, 0.08)

I2
RR/SMD (95% CI)

PTSD post-traumatic stress disorder, n number of participants included at the ﬁnal assessment, RR relative risk,
SMD standard mean difference, CI conﬁdence interval, ECT electroconvulsive therapy, MR memory reactivation, RTM reconsolidation of traumatic memories.

PTSD severity 1–4 weeks
PTSD severity 1 week

Re-experiencing severity
1–4 weeks

All pharmacological/ECT/psychological reconsolidation
interventions

propranolol & MR

PTSD severity 1–4 weeks

All pharmacological/ECT/psychological reconsolidation
interventions

All pharmacological/ECT reconsolidation interventions

Outcome

Effects of reconsolidation therapies for PTSD treatment in adult participant RCTs.

Reconsolidation procedure

Table 3.

Very low

Very low

Very low

Very low

Very low

Very low

GRADE Judgement

PTSD post-traumatic stress disorder, ASD acute stress disorder, n number of participants included at ﬁnal assessment, CAPS clinician administered PTSD scale,
PTSS-10 post-traumatic 10 stress symptom inventory, IES-R impact of events scale - revised, SCID-IV structured clinical interview for DSM IV, ASDS acute stress disorder scale,
PCL-C PTSD checklist - civilian version, PSS post-traumatic symptom scale, PDS post-traumatic diagnostic scale, CAPS-CA clinician-administered PTSD scale for children and adolescents, MINI mini-international
neuropsychiatric interview, mg milligrams, IU international units, BD twice daily, TDS three times daily, QDS four times daily, IV intravenous, PO oral administration.
a
Included in meta-analysis.

Country

Study

Table 2 continued
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PTSD incidence 3–31 months
PTSD incidence 3–6 months
PTSD severity 6 months
Re-experiencing severity 6 months
PTSD severity 2 weeks–6 months
PTSD incidence 1–6 Months
Re-experiencing severity 4 weeks
Intrusive memory frequency 1 week

Hydrocortisone

Propranolol

Virtual reality pain task

Virtual reality pain task

Cognitive task memory interference procedure with MR

Cognitive task memory interference procedure with MR

Cognitive task memory interference procedure with MR

Cognitive task memory interference procedure with MR

PTSD post-traumatic stress disorder, n number of participants included at ﬁnal assessment, RR relative risk,
SMD standard mean difference, CI conﬁdence interval, MR memory reactivation.
a
Only one study for the outcome so data not pooled.

Propranolola
PTSD severity 1–3 months

1

PTSD severity 3–6 months

All pharmacological consolidation interventions

Child & adolescent studies

1

PTSD incidence 3–48 months

All pharmacological consolidation interventions

8

1

3

2

3

3

3

5

4

10

6

PTSD severity 2 weeks–6 months
Re-experiencing severity
2 weeks–48 months

7

12

All pharmacological/psychological consolidation interventions

All pharmacological/psychological consolidation interventions
(without hydrocortisone)

Comparisons

All pharmacological/psychological consolidation interventions

PTSD incidence 1–48 Months
PTSD incidence 1–48 Months

All pharmacological/psychological consolidation interventions

Adult studies

Outcome

20

166

127

157

154

55

55

80

126

202

2771

1421

411

2695

2821

Participants (n)

N/A

0%

SMD: −0.49 (−0.80 to
−0.18)
SMD: 0.01 (−0.87 to 0.89)

69%
0%

RR: 0.45 (0.05 to 4.18)
SMD: −0.25 (−0.60
to 0.10)

N/A
0%

SMD: 0.14 (−0.39 to 0.67)

N/A

SMD: −0.46 (−0.99
to 0.08)
SMD: −0.08 (−0.40
to 0.23)

0%

0%

RR: 0.75 (0.31 to 1.83)

RR: 0.32 (0.14 to 0.74)

0%
0%

RR: 0.69 (0.52 to 0.93)

0%
54%

SMD: −0.12 (−0.31, 0.08)
SMD: −0.12 (−0.37, 0.13)

SMD: −0.25 (−0.53
to 0.03)

0%

0%

I2

RR: 0.75 (0.55 to 1.03)

RR: 0.67 (0.50 to 0.90)

RR/SMD (95% CI)

Effects of consolidation therapies for PTSD/Re-experiencing/intrusive memory prevention in adult and child/adolescent participant RCTs.

Consolidation procedure

Table 4.

Very low

Low

Low

Low

Low

Very low

Very low

Low

Low

Low

Low

Low

Low

Low

Low

GRADE judgement

L. Astill Wright et al.

7

L. Astill Wright et al.

8

Fig. 2 Forest plots of effects of reconsolidation therapies for PTSD treatment in adult participant RCTs. a All pharmacological/ECT/
psychological reconsolidation interventions assessing PTSD severity at 1–4 weeks. b All pharmacological/ECT/psychological reconsolidation
interventions assessing re-experiencing severity at 1–4 weeks. c All pharmacological/ECT reconsolidation interventions assessing PTSD
severity at 1–4 weeks. d Propranolol and memory reactivation interventions assessing PTSD severity at 1 week. e RTM interventions assessing
PTSD severity at 2 weeks.
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Fig. 3 Forest plots of effects of consolidation therapies for PTSD/re-experiencing/intrusive memory prevention in adult participant RCTs.
a All pharmacological/psychological consolidation interventions assessing PTSD incidence at 1–48 months. b All pharmacological/
psychological consolidation interventions assessing PTSD severity at 2 weeks–6 months. c All pharmacological consolidation interventions
assessing PTSD incidence at 3–48 months. d Hydrocortisone interventions assessing PTSD incidence at 3–31 months. e Propranolol
interventions assessing PTSD incidence at 3–6 months. f Cognitive task memory interference procedure with MR interventions assessing
intrusive memory severity at 1 week.
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interventions with promising emerging evidence (RTM), consolidation hydrocortisone and cognitive task memory interference
procedure with MR).
Of reconsolidation RCTs, RTM was the only psychological
reconsolidation intervention assessed here (with other protocols
not meeting RCT inclusion criteria e.g. the rewind technique [15]).
RTM demonstrated a large effect size in the treatment of PTSD
symptoms. These trials, however, had high risk of bias, using
nonrandom sampling in veteran populations with inadequately
powered control groups and achieving a GRADE rating of very
low. The external validity of these results in non-combat exposed
populations remains unclear but the evidence suggests that
evaluation in higher quality RCTs is warranted. Conﬁrmation of
efﬁcacy is of particular clinical importance considering the already
common use of the therapy [55] in addition to the possible
advantages over TF-CBT (fewer sessions, non-disclosure of trauma
but still trauma-focused). Excluding RTM trials in sensitivity
analysis reduced the effect of reconsolidation interventions
considerably (SMD: −0.26 (95% CI: −0.60 to 0.08)). RTM employs
psychological techniques to decrease autonomic arousal whilst
mobilising the traumatic memory (viewing the trauma in the third
person, in black and white) before rapidly viewing the trauma in
reverse and returning to a safe starting point. RTM’s greater
involvement of cognitive manipulation (via rewinding techniques)
and more detailed MR than the other interventions assessed here
may account for some of these positive ﬁndings.
We found no overall effect of pharmacological/ECT reconsolidation agents plus MR (memory reminder) procedures on PTSD
symptoms, nor any speciﬁc effect of propranolol plus MR in
subgroup analysis. While Brunet et al. [13] compared propranolol
and MR with placebo and MR (ﬁnding positive results in the
intervention group), Wood et al. [49] compared propranolol and
MR with propranolol without MR (ﬁnding no signiﬁcant difference
between groups). The dose and dose timing were identical in both
studies, but Brunet et al. [13] used six propranolol/MR sessions,
documenting gradual reductions in PTSD severity over the
6 weeks, while Wood et al. only used a singular session. The
two studies [13, 49] also used different MR procedures. It is also
possible that participants entering a clinical context for the
treatment of their distressing memories are reminded of their
trauma and this may mobilise traumatic memories even without
formal MR. If this occurred in the Wood et al study, the control
group would have been compromised. Evidently, uncertainty
remains about the direct comparability of these two studies with
neither study evaluating each element of the intervention in
isolation (e.g. placebo/MR vs propranolol/MR vs propranolol
without MR).
The negative results of certain reconsolidation studies highlight
the speciﬁc limitations which exist when considering a therapeutic
protocol’s ability to destabilise and modify a traumatic memory,
and the importance of these boundary conditions [56]. The type of
MR procedure used is likely to be crucial in determining the
outcome. Optimal MR needs to be delineated—at present
different groups interpret this differently e.g. may involve recalling
the traumatic event in as much detail as the participant is able
(without causing intolerable distress), including a mixture of visual
images and bodily sensations e.g. touch, sound, smell. Or it may
involve a milder stimulation—since there are no objective assays
to measure if studies have insufﬁciently or excessively reactivated
memories during reconsolidation [1] further behavioural research
is needed to determine optimal parameters.
Our analysis of ten reconsolidation protocols identiﬁed four
different types of MR: a more extensive written trauma narrative; a
shorter written trauma native; audio-recorded trauma narratives;
describing the trauma aloud). Future research should seek to
administer MR procedures/reconsolidation agent timings with
greater speciﬁcation and to facilitate the likelihood of sufﬁcient
reactivation of traumatic memories to allow more conﬁdence in

either positive or negative ﬁndings of other reconsolidation
agents. Suris et al. [10] found no signiﬁcant difference between
sirolimus/MR vs placebo/MR using a comparatively brief MR
protocol, but also initiated MR prior to peak bloodstream sirolimus
levels (peak sirolimus levels at 1-h post administration, with some
participants receiving MR 30 minutes post). It remains unclear if
these negative ﬁndings are a result of a failure to achieve MR, the
blood concentration of sirolimus being too low to cause effective
reconsolidation, or the failure of sirolimus to effectively reconsolidate traumatic memories even at peak blood level. Brunet et al.
[13], overcame this issue by administering short and long-acting
propranolol concurrently, with the timing of MR 15 min post peak
systemic concentration of propranolol.
Our analyses demonstrate a weak positive effect of psychological/pharmacological consolidation interventions in preventing
PTSD. Hydrocortisone was the only consolidation agent to
demonstrate a positive effect on PTSD incidence, as conﬁrmed
by and discussed more extensively in previous reviews [22, 57],
though not all studies analysed here were designed to examine
PTSD incidence. Sensitivity analysis removing ﬁve hydrocortisone
trials found no effect of other agents on PTSD incidence (SMD:
0.75 (95% CI: 0.55 to 1.03)). While the agents examined here
appear suboptimal, future consolidation research could repurpose promising reconsolidation therapies (e.g. delivering RTM
within 6–12 h post-trauma).
Our meta-analysis documents the failure of propranolol to
alter memory consolidation in the 12 h following trauma,
further raising questions about the translation of consolidation
theory into human participants. It may be that even during the
consolidation phase MR may still be required in order to
prevent PTSD with propranolol. The consolidation window
could be as short as 6 h [46] although positive results of
hydrocortisone administration between 6–12 hours suggest
otherwise, or that consolidation is not responsible [35]. Our
results clearly show that MR is not required to prevent PTSD
with hydrocortisone if administered within 6–12 hs of the
traumatic event and this is consistent with consolidation theory
which suggests the memory is already labile in the immediate
aftermath of trauma. The smaller consolidation prevention
effect sizes demonstrated here compared to treatment are
typical of prevention and screening studies more broadly,
which require larger samples and greater power to detect
smaller effects due to natural recovery [58]. The propranolol
studies may have been underpowered to detect a small effect
size (with our analyses only including 80 participants across
three RCTs). The ability to deliver adequately powered
consolidation studies is hampered by the practical limitations
of identifying, consenting and enroling a participant into an
RCT 6–12 h post-trauma. The small effect sizes achieved in
pharmacological consolidation studies mirrors the results of
pharmacotherapy treatment in PTSD [33].
Three of the four included behavioural consolidation studies
demonstrated a small positive effect in reducing intrusive
memories at 1-week post-trauma (the primary outcome)
[17, 50, 53] via a mechanistically derived imagery competing task
intervention. However, these studies were not powered to assess
symptoms of PTSD at 1 month nor broader re-experiencing
symptoms. Neither cognitive task memory interference procedure
with MR, a virtual reality pain task protocol, nor RTM improved reexperiencing symptoms more than PTSD as a whole. It is noted
that since studies were neither designed nor powered to examine
these questions, this limits the interpretations that can be drawn.
Therefore, it is currently not possible to assess amelioration of reexperiencing and other PTSD symptoms via improved intrusive
memories, although future studies powered to do this are
warranted.
While Iyadurai et al. [17] and Kanstrup et al. [53] investigated
procedure including an MR plus cognitive task memory
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interference (i.e. mental imagery competing task), Horsch et al.
[50] conducted the cognitive task memory interference at the site
of trauma, providing an in vivo trauma reminder i.e. via an MR
contextual cue (here the same hospital ward as the trauma
occurred) (i.e. under the assumption there was no need for a
separate verbal MR procedure). Horsch et al. [50] demonstrated a
slightly greater treatment effect on PTSD symptoms and it may be
possible that more detailed trauma reminders/MR (as per RTM, or
the in vivo reminder of Horsch et al. [50]) may produce more
promising results in other settings. In contrast to the MR
procedure used by Brunet et al. [13], Suris et al. [14] and Corchs
et al. [47], Iyadurai et al. [17] used a shorter procedure focused on
intrusive image hotspots [59]. As the latter intervention was
administered within the consolidation window, we cannot
determine if this shorter memory reminder (rather than MR) can
successfully orient to the speciﬁc memory [2], although further
non randomised work suggests that possibility [53, 60–62].
Freedman et al. [51] used a virtual reality-based task utilising
'SnowWorld' rather than Tetris (unlike Horsch et al. [50], Iyaduarai
et al. [17], Kanstrup et al. [53]) to produce a form of distraction
originally developed for patients with burn injuries, e.g. cold and
soothing. It is not clear if Snow World provides sufﬁcient
distraction to disrupt reconsolidation, nor whether it is visuospatial, and no mental rotation instructions (cognitively rotating
objects to enhance visuospatial demands) were included (which
would limit its efﬁcacy as mental imagery competing task).
Furthermore, Freedman et al. [51] did not include an MR
procedure, nor do these components appear to have been
administered within strict time parameters. Freedman et al. [51]
used only 10 min of SnowWorld compared to 10–20 min of Tetris
used in Horsch et al. [50] and Iyadurai et al. [17], which may again
affect consolidation and thus the outcome. The less promising
results of Freedman et al. [51] (compared to Horsch et al. [50] and
Iyadurai et al. [17]) suggest that the details of the protocol (type of
visuospatial task, MR procedure, timing parameters, and/or the
presence of mental rotation) may be ingredients each of which
can affect results. Future work should be informed by manualising
protocols alongside training in procedures to capture the details
of successful therapies e.g. utilising MR (or an in vivo trauma
reminder), mental rotation, strict timing windows and use of Tetris
(or other particularly engaging tasks) for visuospatial distraction.
Tetris is especially absorbing, easily creating a sense of ‘ﬂow’
which may provide sufﬁcient diversion to allow memory updating
[63], which SnowWorld may lack. The version of Tetris used
(‘marathon mode’) progressively becomes harder, automatically
personalising the intervention according to individual thresholds
for optimal challenge and distraction and so may be particularly
well suited to this application.
While consolidation and reconsolidation occur at different time
frames in relation to the traumatic event, aspects of the
underlying mechanism may share similarities. Thus, it may be
possible that the positive ﬁndings from consolidation agents
could be adapted to the reconsolidation phase with added MR.
Suris et al. [14] attempted this with hydrocortisone, ﬁnding lower
PTSD severity scores in the experimental group, albeit not
reaching statistical signiﬁcance in a small sample. These results
suggest that hydrocortisone is the most promising pharmacological consolidation agent, with RTM the most promising
reconsolidation therapy and with, by far, the largest effect size.
Other reviews [22] have concluded that hydrocortisone could be
considered as a preventative intervention for individuals with
severe physical illness/injury within 6–12 h of a traumatic event,
providing there are no contraindications to administration.
Despite positive effects in heterogenous populations, future
research should clarify the particular subgroups hydrocortisone
is likely to be particularly efﬁcacious in [38] and clarify the optimal
dosing, dosing window and route [22].
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Many of the pharmacological and psychological protocols we
have examined in this study have broad neurobiological effects
that target a variety of psychological processes, affecting PTSD
outcomes through a multitude of different mechanisms. Oxytocin,
for example, is also an anxiolytic as well as likely altering memory
processing [44]. We have attempted to isolate the effect of
memory consolidation/reconsolidation by only including studies
where the consolidation agent was given within the 12 h
following trauma for preventative studies, and where the protocol
followed a strict reconsolidation procedure (trauma reactivation
combined with a pharmacological agent, or for psychological
studies, a reasonable rationale for considering reconsolidation as a
mechanism of action).
Many of the studies included lacked speciﬁc detail in the
documented protocol to determine if the principles of reconsolidation theory (as described in basic scientiﬁc research) have been
adhered to e.g. the MR procedure. Following such principles is
assumed to be fundamental in order to ameliorate fearful
memories via reconsolidation [2]. This paper highlights the gulf
in translation between basic scientiﬁc and clinical research, the
careful steps that are needed, with some therapies likely employing some elements of reconsolidation theory but not being
described as such (e.g. EMDR) and others using the terminology of
reconsolidation without clariﬁcation that the underlying mechanism includes reconsolidation (e.g. RTM). Optimising reconsolidation therapies will likely require more speciﬁc translational work
which strictly adheres to the fundamental underlying conditions
of reconsolidation, as demonstrated in pilot and basic science
work. This process should clarify the necessary therapeutic
components and parameters of these multi-part, complex
interventions to prevent future premature RCTs failing to
demonstrate positive or negative ﬁndings that can be attributed
to methodological issues.
The majority of the RCTs included in our meta-analyses were
small (and often likely underpowered) with most having multiple
areas of concerning the risk of bias. Notably, this applied to the
four trials evaluating RTM and the ﬁve trials assessing hydrocortisone, limiting our conﬁdence in the available evidence to
determine the true effect sizes of these interventions. Furthermore, some trials (e.g. the RTM RCTs) only assessed outcomes at
2 weeks and so were unable to demonstrate the stability of
treatment effects.
Some analyses compared psychological with pharmacological
treatment, a comparison limited due to inadequate blinding of
psychological interventions, but of important scientiﬁc interest
considering the supposed common mode of action. Other key
limitations of the ﬁeld include the inability of any study to
objectively conﬁrm MR in participants, in addition to the broad
mechanism of actions of the pharmacological agents used.
Analyses of some reconsolidation protocols were impeded by
the unavailability of re-experiencing data and we recommend the
publication of subscale data in future RCTs, whilst acknowledging
power issues associated with this. This meta-analysis does,
however, compile a higher quality of PTSD/re-experiencing RCTspeciﬁc evidence than previous reviews [54, 64, 65] by excluding
those studies which did not follow a strict reconsolidation
protocol.
Ten studies investigated post-treatment psychiatric comorbidity
[14, 17, 35, 36, 38, 43–46, 50]. Eight of these investigated
depression, ﬁve examined anxiety and three assessed HRQOL.
The only signiﬁcant differences observed between the intervention and control group were in those studies investigating
hydrocortisone, with intervention groups reporting signiﬁcantly
fewer depressive symptoms [35, 46], anxiety symptoms [46] and
improved HRQOL [35, 45]. The amelioration of these secondary
outcome measures in addition to reductions in PTSD incidence
add support to hydrocortisone’s efﬁcacy as a consolidation agent.
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Future consolidation/reconsolidation trials should report both
depression and PTSD outcomes to further clarify this relationship.
This review highlights promising emerging evidence of
consolidation and reconsolidation therapies in the prevention
and treatment of PTSD (RTM, consolidation hydrocortisone) and
the prevention of intrusive memories (cognitive task memory
interference procedure with MR), despite low conﬁdence in the
published evidence. More rigorous RCTs are required prior to
further treatment recommendations.
Despite the promise of increased neuroscientiﬁc approaches to
mental disorders this has largely failed to deliver new treatments [66]
but reconsolidation theory is one area where some progress could be
possible. Our analyses demonstrate the disappointing translation of
reconsolidation protocols from bench to bedside, possibly due to
non-adherence to speciﬁc boundary conditions (we were, however,
unable to systematically examine whether adherence to boundary
conditions predicted efﬁcacy of treatment [67], or whether different
procedures were used to destabilise old vs recent memories [68]).
Translational research should clarify the therapeutic components and
parameters of these multi-part, complex interventions to increase the
likelihood of positive ﬁndings and more conﬁdently interpret
negative ﬁndings of putative reconsolidation agents. Future research
should continue to empirically evaluate the promising interventions
of consolidation hydrocortisone, cognitive task memory interference
procedure with MR and RTM and consider the development of novel
approaches informed by existing research. Future research should
continue to empirically evaluate the promising interventions of
consolidation hydrocortisone, cognitive task memory interference
procedure with MR and RTM. Sample sizes should be sufﬁciently
powered. Investigation of other protocols should utilise optimal MR,
administer MR during peak pharmacological concentration, utilise
multiple sessions with appropriate control groups, report reexperiencing subscales and consider the repurposing of reconsolidation agents in the consolidation window (e.g. RTM 6–12 h posttrauma).
REFERENCES
1. Monﬁls MH, Holmes EA. Memory boundaries: opening a window inspired by
reconsolidation to treat anxiety, trauma-related, and addiction disorders. Lancet
Psychiatry. 2018;5:1032–42. https://doi.org/10.1016/S2215-0366(18)30270-0.
2. Visser RM, Lau-Zhu A, Henson RN, Holmes EA. Multiple memory systems, multiple
time points: how science can inform treatment to control the expression of
unwanted emotional memories. Philos Trans R Soc Lond B Biol Sci. 2018;373.
https://doi.org/10.1098/rstb.2017.0209.
3. Nader K, Schafe GE, Le Doux JE. Fear memories require protein synthesis in the
amygdala for reconsolidation after retrieval. Nature. 2000;406:722–6. https://doi.
org/10.1038/35021052.
4. Sara SJ. Retrieval and reconsolidation: toward a neurobiology of remembering.
Learn Mem. 2000;7:73–84. https://doi.org/10.1101/lm.7.2.73.
5. Myers KM, Davis M. Systems-level reconsolidation: reengagement of the hippocampus with memory reactivation. Neuron. 2002;36:340–3. https://doi.org/
10.1016/s0896-6273(02)01017-6.
6. Schiller D, Monﬁls MH, Raio CM, Johnson DC, Ledoux JE, Phelps EA. Preventing
the return of fear in humans using reconsolidation update mechanisms. Nature.
2010;463:49–53. https://doi.org/10.1038/nature08637.
7. Myers KM, Ressler KJ, Davis M. Different mechanisms of fear extinction dependent on length of time since fear acquisition. Learn Mem. 2006;13:216–23.
https://doi.org/10.1101/lm.119806.
8. Monﬁls MH, Cowansage KK, Klann E, LeDoux JE. Extinction-reconsolidation
boundaries: key to persistent attenuation of fear memories. Science.
2009;324:951–5. https://doi.org/10.1126/science.1167975.
9. Misanin JR, Miller RR, Lewis DJ. Retrograde amnesia produced by electroconvulsive shock after reactivation of a consolidated memory trace. Science.
1968;160:554–5. https://doi.org/10.1126/science.160.3827.554.
10. Surís A, Smith J, Powell C, North CS. Interfering with the reconsolidation of
traumatic memory: sirolimus as a novel agent for treating veterans with posttraumatic stress disorder. Ann Clin Psychiatry. 2013;25:33–40.
11. Debiec J, LeDoux JE, Nader K. Cellular and systems reconsolidation in the hippocampus. Neuron. 2002;36:527–38. https://doi.org/10.1016/s0896-6273(02)
01001-2.

12. Pitman RK. Harnessing reconsolidation to treat mental disorders. Biol Psychiatry.
2015;78:819–20. https://doi.org/10.1016/j.biopsych.2015.10.002.
13. Brunet A, Saumier D, Liu A, Streiner DL, Tremblay J, Pitman RK. Reduction of PTSD
symptoms with pre-reactivation propranolol therapy: a randomized controlled trial.
Am J Psychiatry. 2018;175:427–33. https://doi.org/10.1176/appi.ajp.2017.17050481.
14. Surís A, North C, Adinoff B, Powell CM, Greene R. Effects of exogenous glucocorticoid on combat-related PTSD symptoms. Ann Clin Psychiatry. 2010;22:274–9.
15. Adams S, Allan S. Muss’ Rewind treatment for trauma: description and multisite pilot study. J Ment Health. 2018;27:468–74. https://doi.org/10.1080/
09638237.2018.1487539.
16. Gray R, Budden-Potts D, Bourke F. Reconsolidation of traumatic memories for
PTSD: a randomized controlled trial of 74 male veterans. Psychother Res.
2019;29:621–39. https://doi.org/10.1080/10503307.2017.1408973.
17. Iyadurai L, Blackwell SE, Meiser-Stedman R, Watson PC, Bonsall MB, Geddes JR,
et al. Preventing intrusive memories after trauma via a brief intervention involving Tetris computer game play in the emergency department: a proof-ofconcept randomized controlled trial. Mol Psychiatry. 2018;18:674–82. https://doi.
org/10.1038/mp.2017.23.
18. Galatzer-Levy IR, Bryant RA. 636,120 ways to have posttraumatic stress disorder.
Perspect Psychol Sci. 2013;8:651–62. https://doi.org/10.1177/1745691613504115.
19. Armour C, Fried EI, Olff M. PTSD symptomics: network analyses in the ﬁeld of
psychotraumatology. Eur J Psychotraumatol. 2017;8:1398003 https://doi.org/
10.1080/20008198.2017.1398003.
20. Greene T, Gelkopf M, Epskamp S, Fried E. Dynamic networks of PTSD symptoms
during conﬂict. Psychol Med. 2018;48:2409–17.
21. Roberts NP, Kitchiner NJ, Kenardy J, Lewis CE, Bisson JI. Early psychological intervention following recent trauma: a systematic review and meta-analysis. Eur J Psychotraumatol. 2019;10:1695486. https://doi.org/10.1080/20008198.2019.1695486.
22. Astill Wright L, Sijbrandij M, Sinnerton R, Lewis C, Roberts NP, Bisson JI. Pharmacological prevention and early treatment of post-traumatic stress disorder and
acute stress disorder: a systematic review and meta-analysis. Transl Psychiatry.
2019;9:334. https://doi.org/10.1038/s41398-019-0673-5. 12.
23. Lewis C, Roberts NP, Andrew M, Starling E, Bisson JI. Psychological therapies for posttraumatic stress disorder in adults: systematic review and meta-analysis. Eur J Psychotraumatol. 2020;11:1729633. https://doi.org/10.1080/20008198.2020.1729633.
24. Higgins JPT, Green S. Cochrane handbook for systematic reviews. 2011. http://
handbook-5-1.cochrane.org. Accessed 25 July 2018.
25. PROSPERO. Reconsolidation therapies for the prevention and treatment of
intrusive memories: a systematic review and meta-analysis. 2020. https://www.
crd.york.ac.uk/prospero/display_record.php?ID=CRD42020171167. Accessed 12
May 2020.
26. Kindt M, van Emmerik A. New avenues for treating emotional memory disorders:
towards a reconsolidation intervention for posttraumatic stress disorder. Ther Adv
Psychopharmacol. 2016;6:283–95. https://doi.org/10.1177/2045125316644541.
27. Brühl A, Heinrichs N, Bernstein EE, McNally RJ. Preventive efforts in the aftermath of
analogue trauma: The effects of Tetris and exercise on intrusive images. J Behav Ther
Exp Psychiatry. 2019;64:31–35. https://doi.org/10.1016/j.jbtep.2019.01.004.
28. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ.
2011;343:d5928. https://doi.org/10.1136/bmj.d5928.
29. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, et al. Grading quality
of evidence and strength of recommendations. BMJ. 2004;328:1490. https://doi.
org/10.1136/bmj.328.7454.1490.
30. Review Manager (RevMan) [Computer program]. Version 5.3. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration. 2014.
31. Hoskins M, et al. Pharmacological-assisted psychotherapy for post-traumatic
stress disorder: a systematic review and meta-analysis. Eur J Psychotraumatol.
2021;12:1853379.
32. Hoskins M, et al. Pharmacological therapy for post-traumatic stress disorder: a
systematic review and meta-analysis of monotherapy, augmentation and headto-head approaches. Eur J Psychotraumatol. 2021;12.
33. Hoskins M, Pearce J, Bethell A, Dankova L, Barbui C, Tol WA, et al. Pharmacotherapy for post-traumatic stress disorder: systematic review and metaanalysis. Br J Psychiatry. 2015;206:93–100. https://doi.org/10.1192/bjp.
bp.114.148551.
34. Tylee DG, R. Glatt S, Bourke F. Evaluation of the reconsolidation of traumatic
memories protocol for the treatment of PTSD: a randomized, wait-list-controlled
trial. J Mil, Veteran Fam Health. 2017;3:21–33.
35. Delahanty DL, Gabert-Quillen C, Ostrowski SA, Nugent NR, Fischer B, Morris A,
et al. The efﬁcacy of initial hydrocortisone administration at preventing posttraumatic distress in adult trauma patients: a randomized trial. CNS Spectr.
2013;18:103–11. https://doi.org/10.1017/S1092852913000096.
36. Denke C, Deja M, Carstens S, Sprung C, Annane D, Briegel J, et al. Effects of
hydrocortisone on posttraumatic stress disorder after septic shock: results from
the CORTICUS Berlin Study Group. Crit Care. 2008;12:421.

Translational Psychiatry (2021)11:453

L. Astill Wright et al.

13
37. Hoge EA, Worthington JJ, Nagurney JT, Chang Y, Kay EB, Feterowski CM, et al.
Effect of acute posttrauma propranolol on PTSD outcome and physiological
responses during script-driven imagery. CNS Neurosci Ther. 2012;18:21–7. https://
doi.org/10.1111/j.1755-5949.2010.00227.x.
38. Kok L, Hillegers MH, Veldhuijzen DS, Cornelisse S, Nierich AP, van der Maaten JM,
et al. The effect of dexamethasone on symptoms of posttraumatic stress disorder
and depression after cardiac surgery and intensive care admission: longitudinal
follow-up of a randomized controlled trial. Crit Care Med. 2016;44:512–20. https://
doi.org/10.1097/CCM.0000000000001419.
39. Nugent N. The efﬁcacy of early propranolol administration at preventing/reducing PTSD symptoms in child trauma victims: pilot. 2007. https://etd.ohiolink.edu/
!etd.send_ﬁle?accession=kent1182616758&disposition=inline. Accessed 16 May
2020.
40. Pitman RK, Sanders KM, Zusman RM, Healy AR, Cheema F, Lasko NB, et al. Pilot
study of secondary prevention of posttraumatic stress disorder with propranolol.
Biol Psychiatry. 2002;51:189–92. https://doi.org/10.1016/s0006-3223(01)01279-3.
41. Schelling G, Briegel J, Roozendaal B, Stoll C, Rothenhäusler HB, Kapfhammer HP.
The effect of stress doses of hydrocortisone during septic shock on posttraumatic
stress disorder in survivors. Biol Psychiatry. 2001;50:978–85. https://doi.org/
10.1016/s0006-3223(01)01270-7.
42. Schelling G, Kilger E, Roozendaal B, de Quervain DJ, Briegel J, Dagge A, et al.
Stress doses of hydrocortisone, traumatic memories, and symptoms of posttraumatic stress disorder in patients after cardiac surgery: a randomized study.
Biol Psychiatry. 2004;55:627–33. https://doi.org/10.1016/j.biopsych.2003.09.014.
43. Stein MB, Kerridge C, Dimsdale JE, Hoyt DB. Pharmacotherapy to prevent PTSD:
results from a randomized controlled proof-of-concept trial in physically injured
patients. J Trauma Stress. 2007;20:923–32. https://doi.org/10.1002/jts.20270.
44. van Zuiden M, Frijling JL, Nawijn L, Koch S, Goslings JC, Luitse JS, et al. Intranasal
oxytocin to prevent posttraumatic stress disorder symptoms: a randomized
controlled trial in emergency department patients. Biol Psychiatry.
2017;81:1030–40. https://doi.org/10.1016/j.biopsych.2016.11.012.
45. Weis F, Kilger E, Roozendaal B, de Quervain DJ, Lamm P, Schmidt M, et al. Stress
doses of hydrocortisone reduce chronic stress symptoms and improve healthrelated quality of life in high-risk patients after cardiac surgery: a randomized
study. J Thorac Cardiovasc Surg 2006;131:277–82. https://doi.org/10.1016/j.
jtcvs.2005.07.063.
46. Zohar J, Yahalom H, Kozlovsky N, Cwikel-Hamzany S, Matar MA, Kaplan Z, et al.
High dose hydrocortisone immediately after trauma may alter the trajectory of
PTSD: interplay between clinical and animal studies. Eur Neuropsychopharmacol.
2011;21:796–809. https://doi.org/10.1016/j.euroneuro.2011.06.001.
47. Corchs F, et al. Targeting the reconsolidation of traumatic memories with electroconvulsive therapy and prolonged exposure therapy in posttraumatic stress
disorder. Biol. Psychiatry. 2018;83:S129eS455.
48. Gray R, Bourke F. Remediation of intrusive symptoms of PTSD in fewer than ﬁve
sessions: a 30-person pre-pilot study of the RTM Protocol. J Milit Vet Family
Health. 2015;1:13–20.
49. Wood NE, Rosasco ML, Suris AM, Spring JD, Marin MF, Lasko NB, et al. Pharmacological blockade of memory reconsolidation in posttraumatic stress disorder:
three negative psychophysiological studies. Psychiatry Res. 2015;225:31–39.
https://doi.org/10.1016/j.psychres.2014.09.005.
50. Horsch A, Vial Y, Favrod C, Harari MM, Blackwell SE, Watson P, et al. Reducing
intrusive traumatic memories after emergency caesarean section: a proof-ofprinciple randomized controlled study. Behav Res Ther 2017;94:36–47. https://
doi.org/10.1016/j.brat.2017.03.018.
51. Freedman SA, Eitan R, Weiniger CF. Interrupting traumatic memories in the
emergency department: a randomized controlled pilot study. Eur J Psychotraumatol. 2020;11:1750170 https://doi.org/10.1080/20008198.2020.1750170.
52. Gray RM, Budden-Potts D, Schwall RJ, Bourke FF. An open-label, randomized
controlled trial of the reconsolidation of traumatic memories protocol (RTM) in
military women. Psychol Trauma. 2020. Pubmed PMID: 33211519.
53. Kanstrup MS, Singh L, Göransson KE, Widoff J, Taylor RS, Gamble B, et al.
Reducing intrusive memories after trauma via a brief cognitive task intervention in the hospital emergency department: an exploratory pilot randomised controlled trial. Transl Psychiatry. 2021;11:30 https://doi.org/10.1038/
s41398-020-01124-6.
54. Iyadurai L, Visser RM, Lau-Zhu A, Porcheret K, Horsch A, Holmes EA, et al. Intrusive
memories of trauma: a target for research bridging cognitive science and its
clinical application. Clin Psychol Rev. 2019;69:67–82. https://doi.org/10.1016/j.
cpr.2018.08.005.
55. Centre RT. PTSD treatment. 2020. https://rtmtrainingcenter.com. Accessed 18
May 2020.
56. Treanor M, Brown LA, Rissman J, Craske MG. Can memories of traumatic
experiences or addiction be erased or modiﬁed? A critical review of research on
the disruption of memory reconsolidation and its applications. Perspect Psychol
Sci. 2017;12:290–305. https://doi.org/10.1177/1745691616664725.

Translational Psychiatry (2021)11:453

57. Sijbrandij M, Kleiboer A, Bisson JI, Barbui C, Cuijpers P. Pharmacological prevention of post-traumatic stress disorder and acute stress disorder: a systematic
review and meta-analysis. Lancet Psychiatry 2015;2:413–21. https://doi.org/
10.1016/S2215-0366(14)00121-7.
58. Lloyd-Williams H, TE R. Sample size calculation in trials of public health interventions: a discussion of implications for health economists. Lancet. 2013;382:
S64.
59. Grey N, Holmes EA. “Hotspots” in trauma memories in the treatment of posttraumatic stress disorder: a replication. Memory. 2008;16:788–96. https://doi.org/
10.1080/09658210802266446.
60. Kessler H, Holmes EA, Blackwell SE, Schmidt AC, Schweer JM, Bücker A, et al.
Reducing intrusive memories of trauma using a visuospatial interference intervention with inpatients with posttraumatic stress disorder (PTSD). J Consult Clin
Psychol. 2018;86:1076–90. https://doi.org/10.1037/ccp0000340.
61. Kanstrup M, Kontio E, Geranmayeh A, Olofsdotter Lauri K, Moulds ML, Holmes EA.
A single case series using visuospatial task interference to reduce the number of
visual intrusive memories of trauma with refugees. Clin Psychol Psychother.
2020;28:109–123. https://doi.org/10.1002/cpp.2489.
62. Iyadurai L, Hales SA, Blackwell SE, Young K, Holmes EA. Targeting intrusive
imagery using a competing task technique: a case study. Behav Cogn Psychother
2020;48:739–44. https://doi.org/10.1017/S1352465820000296.
63. Rankin K, Walsh LC, Sweeny K. A better distraction: exploring the beneﬁts of ﬂow
during uncertain waiting periods. Emotion. 2019;19:818–28. https://doi.org/
10.1037/emo0000479.
64. Walsh KH, Das RK, Saladin ME, Kamboj SK. Modulation of naturalistic maladaptive
memories using behavioural and pharmacological reconsolidation-interfering
strategies: a systematic review and meta-analysis of clinical and ‘sub-clinical’
studies. Psychopharmacol. 2018;235:2507–27. https://doi.org/10.1007/s00213018-4983-8.
65. Bolsoni LM, Zuardi AW. Pharmacological interventions during the process of
reconsolidation of aversive memories: A systematic review. Neurobiol Stress.
2019;11:100194 https://doi.org/10.1016/j.ynstr.2019.100194.
66. Goodwin GM, Holmes EA, Andersson E, Browning M, Jones A, Lass-Hennemann J,
et al. From neuroscience to evidence based psychological treatments - The
promise and the challenge, ECNP March 2016, Nice, France. Eur Neuropsychopharmacol 2018;28:317–33. https://doi.org/10.1016/j.euroneuro.2017.10.036.
67. Sevenster D, Beckers T, Kindt M. Prediction error demarcates the transition from
retrieval, to reconsolidation, to new learning. Learn Mem. 2014;21:580–4. https://
doi.org/10.1101/lm.035493.114.
68. Gräff J, Joseph NF, Horn ME, Samiei A, Meng J, Seo J, et al. Epigenetic priming of
memory updating during reconsolidation to attenuate remote fear memories.
Cell. 2014;156:261–76. https://doi.org/10.1016/j.cell.2013.12.020.

ACKNOWLEDGEMENTS
This work was supported by a Wellcome Trust ISSF3 Clinical Primer to L.A.W. E.A.H. is
supported by grants from the Swedish Research Council (2020-00873) and The
Wellcome Trust (223016/Z/21/Z).

AUTHOR CONTRIBUTIONS
L.A.W., E.A.H. and J.I.B. were responsible for the original study design. L.A.W., L.H. and
J.I.B. were responsible for the search, identiﬁcation of relevant papers, data extraction
and risk of bias assessments. L.A.W. was responsible for data analysis and initial
drafting of the report. L.A.W., L.H., E.H. and J.I.B. were responsible for the subsequent
interpretation, editing and rewriting of the report.

COMPETING INTERESTS
J.I.B. reports awards of grant funding to support research from various sources to
conduct research in the ﬁeld of traumatic stress, including the National Institute for
Health Research, Forces in Mind Trust and Medical Association for Psychedelic
Studies; and development of a guided self-help intervention owned by Cardiff
University for which he could receive a share of royalties in the future. Emily A.
Holmes has also received grants from The OAK Foundation (OCAY-18-442), the
Lupina Foundation, AFA Insurance (200342), and the Swedish Research Council
(2017-00957). E.A.H. is an author on several of the studies reported here using
cognitive task memory interference procedure with MR. E.A.H. reports serving on the
board of the charity MQ: Transforming Mental Health. E.A.H. is also a professor at the
Division of Psychology, Department for Clinical Neuroscience, Karolinska Institutet,
Stockholm, Sweden.

L. Astill Wright et al.

14
ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41398-021-01570-w.
Correspondence and requests for materials should be addressed to Laurence Astill
Wright.
Reprints and permission information is available at http://www.nature.com/
reprints
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional afﬁliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021

Translational Psychiatry (2021)11:453

