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Agrip

Bakgrunnur: Aleitnar endurminningar eru kjarnaeinkenni afallastreiturdskunar
(ASR). betta eru minningar sem eru 6velkomnar, dsjalfradar og fela yfirleitt i sér
einhvers konar skynjun, til deemis sjénraena. bzer valda vanlidan og hafa skerdandi
ahrif & virkni i daglegu lifi. bétt til sé arangursrik medferd vid ASR, pa krefst han oft
itarlegrar lysingar a &fallareynslu viokomandi, sem eykur a vanlidan og eykur likur a
brottfalli ur medferdinni. Einnig krefst afallamedferd sérhaeférar kliniskrar pjalfunar
sem takmarkar adgengi par sem sérhaefdir medferdaradilar eru of fair til ad sinna
Ollum peim sem purfa @ medferd ad halda. Porf er & inngripum sem eru einfold |
fyrirldgn og haegt er ad veita med fjarfundarbunadi.

Markmid: Helsta markmi® pessarar doktorsritgerdar var ad meta arangur af hugreenu
inngripi sem aetlad er ad draga ur tidni aleitinna endurminninga. Inngripid er
sjonrymdarverkefni sem reynir a getu til skynurvinnslu og byggist & kenningum um
virkjun og endurvistun minninga. Inngripid felur i sér ad virkja afallaminningu og gera
svo sjonrymdarverkefni (Tetris med hugreenum snuningi) sem midar ad pvi ad trufla
skynurvinnslu aleitinna endurminninga. Markmi® rannséknanna var ad meta arangur
inngripsins eins og pad var lagad ad islensku pydi. Markmid voru einnig ad kanna
hvort inngripi® veeri raunheef leid til pess ad draga ur tidni aleitinna endurminninga og
hvort leegri tidni hefdi ahrif & einkenni ASR, einkenni punglyndis og kvida, og hvort
inngripid hefdi jakvaed ahrif a daglega virkni.

Adferd: brjar rannséknir voru framkveemdar med endurteknu AB-rannsdknarsnidi
par sem inngripinu var beitt gegn aleithum endurminningum eftir afoll. Rannsoékn | var
med konu sem hafdi einkenni ASR undir greiningarvidmidum. Han var med fjérar
aleitnar endurminningar og skradi tidni peirra i fjérar vikur a grunnlinu og i atta vikur
a inngripstimabili. Einnig skradi hun tidni peirra i eina viku a eftirfylgdartimabilum
(eins manadar og priggja manada). Rannsdkn Il var med premur konum (tveer med
afallastreituréskun og ein med einkenni undir greiningarvidmidum). Hver patttakandi
skradi tidni aleitinna endurminninga i eina viku & grunnlinu, i allt ad sex vikur a
inngripstimabili og aftur i eina viku vid eftirfylgd (eftir einn manud og prja manudi).
Inngripid var ymist veitt augliti til auglitis eda i gegnum fjarfundarbuinad. Rannsékn Ill
var med atta konum sem uppliféu aleitnar endurminningar. Prjar peirra uppfylltu
greiningarviémid fyrir ASR og prjar voru med einkenni undir greiningarvidmidum.

Inngripid var veitt augliti til auglitis i rannsékn |, ad hluta til med fjarfundarbunadi i
rannsékn Il og alfari®d med fjarfundarbunadi i rannsokn 1ll. Inngripid var ymist veitt af
kliniskum salfreedingum sem sérhaefa sig i afallamedferd eda salfreedinemum an
sérhaefdrar kliniskrar pjalfunar. patttakendur skradu tiéni aleitinna endurminninga i



dagbdk a grunnlinu, a inngripstimabili og i eina viku vid eftirfylgd eftir einn og prja
manudi. | 8llum rannséknum var tidni aleitinna endurminninga helsta Gtkoma. Einnig
voru kénnud ahrif inngripsins @ ASR einkenni, punglyndis- og kvidaeinkenni, og
virkni, asamt pvi ad kanna fysileika pess.

Nidurstodur: Nidurstdédur syndu ad inngripid var talid fysilegt og asaettanlegt, og pad
leiddi til verulegrar leekkunar i tidni aleitinna endurminninga. | rannsékn | lsekkadi
heildartidni minninga um 52% & inngripstimabili midad vid grunnlinu, 76% vid eins
manadar eftirfylgd og 92% vid priggja manada eftirfylgd midad vid grunnlinu.
Jafnframt hjédnudu einkenni afallastreiturdskunar, punglyndis og kvida, auk pess
sem inngripid haféi jakvaed ahrif a svefn, einbeitingu og daglega virkni. batttakandi
taldi inngripid asaettanlega leid til ad draga ur tidni afallaminninga. Rannsékn Il syndi
sambeerilega leekkun a tidni aleitinna endurminninga hja 6llum patttakendum. Einn
patttakandi var med 38,8 minningar a viku a grunnlinu, sem lzekkadi i 18,0 minningar
a viku a inngripstimabili (54% laekkun) og i 8 & viku vid eins manadar eftirfylgd (80%
lzekkun), en haekkun i 13 minningar & viku (67% leekkun) vid priggja manada
eftirfylgd. Annar patttakandi skradi 10,8 minningar a viku a grunnlinu, sem leekkadi i
4,7 a viku a inngripstimabili (57% laekkun) og i 1 a viku vid eins manadar eftirfylgd
(91% laekkun) og engar minningar vid priggja manada eftirfylgd. Prigji patttakandi
skradi 33,7 minningar a viku i grunnlinu, sem laekkadi i 20,7 a viku a inngripstimabili
(39% laekkun) og i 5 & viku vid eins manadar eftirfylgd (85% laekkun), haekkun i 8
minningar a viku (76% laekkun) vid priggja manada eftirfylgd. Allir patttakendur
greindu fra hjédnun einkenna ASR, einnig dré ar punglyndis- og kvidaeinkennum
asamt pvi ad virkni jokst hja tveimur patttakendum. batttakendur tldu inngripid vera
aseettanlega leid til pess ad draga ur tidni aleitinna endurminninga.

i rannsokn llI var inngripid veitt med fjarfundarbunadi eingéngu og ad hluta til af
salfreedinemendum sem ekki hofdu sérhaefda pjalfun i afallamedferd. Allir atta
patttakendur syndu laekkada tidni aleitinna endurminninga fra grunnlinu til
inngripstima, laekkunin var smaveegileg hja tveimur patttakendum (alls 6,3%—93%
lzekkun). Vid eins manadar eftirfylgd voru sex af atta patttakendum med frekari
lekkun (58%—100%) og vid prja manudi var leekkunin 72%—-100%. Hja flestum
patttakendum hjédnudu einkenni afallastreituréskunar, punglyndis og kvida og virkni
jokst hja sjo af atta patttakendum. patttakendur t6ldu inngripid i fiarfundarbinadi og
veitt ad hluta af salfreedinemendum vera mjog asaettanlega leid til pess ad draga ur
tidni aleitinna endurminninga.

Alyktanir: Nidurstédur pessarar doktorsritgerdar veita visbendingar um ad
sjonrymdarverkefni sem truflar endurvist afallaminninga geti dregid verulega ar tidni
peirra og jafnframt dregid ur afallaeinkennum asamt 68rum salraenum einkennum og
auki®d daglega virkni. Inngripid beinist ad kjarnaeinkenni afallastreiturdskunar og er
einfalt ad veita 6had stadsetningu og er tali® asaettanlegt af patttakendum. bad krefst
ekki itarlegrar lysingar a afallareynslu og er haegt ad veita an sérhaefingar i



afallamedferd. Allt petta dregur Ur hindrunum sem einkenna hefébundna
afallamedferd. Nidurstddur hafa einnig lydheilsulegt gildi par sem fjarpjonusta virdist
bera svipadan arangur. Naestu skref er ad prda inngripid afram og ad bera pad saman
vid annad inngrip i slembiradadri rannsdkn. Rannsoknirnar benda eindregid til pess
ad petta einfalda sjonrymdarverkefni geti dregid ur tidni aleitinna endurminninga, og
ur tidni afallastreitueinkenna og einkenna punglyndis og kviéa, og aukid daglega
virkni. bad getur att patt i ad baeta adgengi ad drraedum fyrir einstaklinga sem ordid
hafa fyrir aféllum.

Lykilord: Aleitnar endurminningar, aféll, afallastreiturdskun, sjénrymdarverkefni






Abstract

Objective: Intrusive memories of trauma, experienced as vivid and distressing
involuntary sensory memories, are the core clinical symptom of posttraumatic stress
disorder (PTSD) and contribute to the enduring distress and functional impairment
associated with the disorder. Although existing PTSD treatments are effective, they
often require a detailed description of the trauma on the patient’s behalf, causing
additional distress. They also depend on specialist clinical delivery, making therapists
too few to deliver therapy to all those in need. These factors limit accessibility and
scalability of the interventions. There is a pressing need for brief, simple and scalable
interventions that minimize treatment barriers and that can be delivered remotely.

The overarching aim of this thesis was to adapt to the Icelandic population and then
evaluate a brief cognitive intervention designed to reduce the frequency of
established intrusive trauma memories using an imagery-competing task after a
memory retrieval, drawing from theories of memory reconsolidation. This is known as
a novel imagery-competing task intervention (ICTI). Specifically, the intervention
combines a memory reminder cue with a visuospatial task (playing Tetris with mental
rotation) to disrupt sensory-perceptual features of intrusive memories. The objectives
were to test the efficacy of the intervention in an Icelandic context. Further objectives
were to evaluate whether the intervention would be a feasible way to reduce the
frequency of intrusive memories and whether such reduction in frequency would have
an impact on PTSD symptoms, depression and anxiety symptoms and functional
impairment.

Methods: Three studies were conducted using repeated single-case AB designs in
which each intrusive memory “hotspot” was targeted individually. Study | was a
single-case design with a woman with subthreshold PTSD. She monitored four
intrusive memories across a four-week baseline, an eight week intervention period,
and one- and three-month follow-ups. Study Il was a case series of three women (two
with PTSD, one with subthreshold PTSD). Each participant monitored their intrusive
memories for one week at baseline, up to six weeks during the intervention phase,
and again for one week at the one- and three-month follow-ups. Study Il was a case
series with eight trauma-exposed women, three with PTSD and three with sub-
threshold PTSD. The intervention was delivered face-to-face in Study I, partly
remotely in Study Il and entirely remotely in Study Ill, with guidance provided by either
clinical psychologists or psychology students without specialist mental health training.
Participants completed baseline, intervention, and follow-up diaries at one- and three-
months. Across all studies, the primary outcome was frequency of intrusive memories
recorded in daily diaries. Secondary outcomes were PTSD symptoms, depression
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symptoms, anxiety symptoms, functional impairment, and acceptability and feasibility
of the intervention.

Results: Across the three studies, the intervention was found to be feasible,
acceptable, and consistently associated with substantial reductions in intrusive
memories. Results in Study | showed a 52% reduction in the frequency of total
intrusive memories during the intervention compared to baseline, increasing to a 76%
reduction at the one-month follow-up and a 92% reduction at the three-month follow-
up. Improvements were also observed in PTSD symptoms, depression and anxiety
symptoms, sleep, concentration, and functioning. The participant rated the
intervention as an acceptable way to reduce the frequency of intrusive memories.
Study Il also found reductions across all three participants. One participant reported
38.8 intrusions per week at baseline, which reduced to 18.0 per week during the
intervention period (54% reduction). The number of intrusive memories further
reduced to 8 per week at the one-month follow-up (80% reduction) and increased to
13 (67% reduction) at the three-month follow-up. The second participant reported
10.8 intrusions per week at baseline, which reduced to 4.7 per week during the
intervention period (57% reduction) with a further reduction to 1 per week at the one-
month follow-up (91% reduction) and to zero at the three-month follow-up. The third
participant reported 33.7 intrusions per week at baseline, which reduced to 20.7 per
week during the intervention period (39% reduction) and to 5 per week at the one-
month follow-up (85% reduction) and increased to 8 per week (76% reduction) at the
three-month follow-up. All participants reported reductions in PTSD symptoms post-
intervention, with two also showing reductions in depression and anxiety symptoms.
Participants rated the intervention as being acceptable.

Study Il extended these findings to remote delivery and non-specialist guidance. All
eight participants showed reductions in intrusive memories from baseline to the
intervention period, although reductions were minimal for two participants, overall,
6.3% to 93% reduction. At the one-month follow-up, six out of eight participants
showed further reductions, 58% to 100%, and by the three-month follow-up
reductions were 72% to 100%. Most participants experienced improvements in
PTSD, depression, and anxiety symptoms, and functioning improved for seven out of
eight participants. Participants rated the digital delivery and non-specialist guidance
as highly acceptable.

Conclusions: The research presented in this thesis provides evidence in support of
a brief imagery-competing task intervention which can substantially reduce the
frequency of long-standing intrusive memories of trauma. Furthermore, it can improve
associated psychological symptoms and functioning. The intervention targeting the
core clinical symptom of PTSD is low-cost, scalable and acceptable. It does not
require patients to describe their trauma in detail, and it can be delivered by non-
specialists after training, thereby addressing key barriers in traditional effective PTSD



treatments. The studies further demonstrate the feasibility of remote digital delivery,
indicating scalability and public mental health relevance. The findings support
progression to a randomized controlled trial. Overall, the thesis highlights the promise
of this simple and brief intervention for reducing intrusive memories and related
distress, improving access to care for trauma-exposed populations.

Keywords: Intrusive memories of trauma, trauma, post-traumatic stress disorder,
visuospatial task intervention
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1 Introduction

1.1 Psychological trauma and post-traumatic stress disorder

Psychological trauma is an extremely common experience. Studies have shown that
between 70-90% of people experience at least one psychological trauma in their
lifetime (Kilpatrick et al., 2013; Kessler et al., 2017). These experiences can for
example include natural disasters, accidents, and physical and sexual violence
(Kessler et al., 2017; Einarsdottir et al., 2024; Thordardottir et al., 2024). A third of
those who experience trauma report having endured four or more such events (Benjet
et al., 2016). Trauma can have lasting effects on mental health, including post-
traumatic stress disorder (PTSD). PTSD is characterized in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) by four symptom
clusters and to meet diagnostic criteria a minimum number of symptoms within each
of the clusters is required. The symptom clusters are as follows: The B-cluster which
contains the re-experiencing symptoms like intrusive memories, nightmares, and
flashbacks. The C-cluster refers to avoidance symptoms for example avoiding
thoughts or feelings related to the traumatic event. The D-cluster entails negative
alterations in mood and cognition such as negative beliefs about the self, self-blame,
and a persistent negative emotional state. Lastly, the E-cluster consists of changes
in reactivity and arousal like hypervigilance and having trouble concentrating. For a
diagnosis of PTSD, the presence of at least one symptom within the B-cluster needs
to be present, one symptom in the C-cluster and two symptoms need to be present
within both D- and E-clusters. The symptoms must persist for at least a month
(American Psychiatric Association, 2013). PTSD is associated with high levels of
distress and impaired functioning regarding social, occupational, and interpersonal
activity. This could for example include having trouble engaging in everyday activities
like working or attending social gatherings. PTSD also has high comorbidity with other
mental disorders like major depressive disorder and social anxiety disorder and is
furthermore associated with increased suicidality (American Psychiatric Association,
2013; McMillan et al., 2017; Panagioti et al., 2012; Rosen et al., 2020; van Minnen et
al., 2015).

Overall, PTSD has a lifetime prevalence of 8,3% (Kilpatrick et al., 2013). Prevalence
rates vary across different countries from 0.5% to 14.5%. In a recent study in the
Icelandic population by Einarsdottir et al. (2024), results showed that about 80% had
experienced at least one traumatic event, and lifetime prevalence was a little over
10%. The overall prevalence of probable PTSD among women was 15.9% in another



study in Iceland by Thordardottir et al. (2024). The highest prevalence of probable
PTSD was among those who had experienced sexual assault (36.9%) and lowest
among those who had experienced natural disasters (3.3%).

Overall, individuals are not likely to seek treatment for PTSD and treatment seeking
is twice as likely in higher-income countries like Australia, France and Germany
compared to lower-income countries like Peru, Colombia and Bulgaria (Koenen et
al., 2017).

Many people who do not meet the full criteria still develop clinically significant PTSD
symptoms. Sub-threshold PTSD has been characterized as meeting symptom criteria
for two or three of the symptom clusters (B-E) (McLaughlin et al., 2015). Sub-
threshold PTSD is also associated with substantial distress, impaired functioning, and
comorbidity (McLaughlin et al., 2015).

1.2 Cognitive models of PTSD

According to cognitive theories, PTSD develops when trauma is processed in a way
that leads to the individual experiencing a sense of current threat, even though the
threat has passed. This is explained by two factors: firstly, by overly negative
appraisals of the trauma like “I am not safe”; “I will never recover”. Secondly, because
the traumatic memory is inadequately processed due to poor elaboration and
contextualization, as well as strong perceptual priming. Problematic negative
appraisals and trauma memories are maintained by behavioural and cognitive
responses such as avoidance of any stimuli that serve as a trigger of the trauma
(Ehlers & Clark, 2000).

1.3 The core clinical feature of PTSD

The core clinical feature of PTSD is the re-experiencing symptoms (B-cluster i.e.,
intrusive memories, nightmares, flashbacks, and emotional and physical distress
when reminded of the trauma) (American Psychiatric Association, 2013; Kupfer &
Regier, 2011). The main re-experiencing symptom of interest in the current research
project is intrusive memories. Intrusive memories are unwanted and often vivid
recollections of the trauma which consist of sensory impressions rather than
thoughts. They can include all sensory modalities (i.e., visual, auditory, olfactory,
gustatory, and tactile) but are predominantly visual. They are often experienced as if
they are happening here and now rather than having taken place in the past and they
evoke the same emotions (including physical reactions) that were experienced at the
time of the trauma (Ehlers et al., 2004). The emotions and sensory impressions are
thus re-experienced regardless of whether the individual has learned new information
that contradicts the original impression or even if the individual knows it is not true
(e.g., feeling of being in danger even though knowing one survived) (Ehlers et al.,
2004; Holmes et al., 2005).
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According to network theories, intrusive memories serve as an activation factor for
the other three symptom clusters (C-E) (Bryant et al., 2017; McNally, 2012; 2017).
They cause significant distress and interfere with everyday functioning, making them
a key target for treatment (Bryant et al., 2017; lyadurai et al., 2019). Furthermore,
clinically targeting core symptoms like intrusive memories in PTSD can have positive
effects on other symptoms in the symptom network. For example, if one feels self-
disgust after trauma, targeting intrusive memories that remind the person of being
disgusting might result in less emotional distress and improved functioning. The
emotional distress and impaired functioning associated with the intrusive memories
would be increased or maintained with ongoing re-experiencing of the memories.
Therefore, targeting intrusive memories can have beneficial effects not only by
reducing the memories themselves but also the impairment directly related to them,
leading to improvement in the symptom network overall (McNally, 2012; 2017).

1.4 Treatment for PTSD

There are various treatment options available for PTSD that have empirical support
(National Institute for Health and Care Excellence [NICE], 2018; Lewis et al., 2020a).
These therapies are broadly defined as cognitive behavioural therapies with trauma
focus (tf-CBT) and eye movement desensitization and reprocessing (EMDR). Trauma
focused CBT treatments include for example cognitive therapy for PTSD (CT-PTSD),
cognitive  processing therapy (CPT) and prolonged exposure (PE).
Recommendations for empirically validated therapy for PTSD usually include
individualized therapy that has a duration of 8-12 sessions (NICE, 2018; Lewis et al.,
2020a). There is also some evidence that group CBT with a trauma focus, and guided
internet-based CBT, can be effective in reducing symptoms of PTSD (Lewis et al.,
2020a).

1.5 Barriers to PTSD treatment

Although existing therapies have been empirically validated, they do involve some
significant limitations. Pre-existing therapies require a high level of training for
therapists. This limits the number of therapists qualified to deliver such treatment
(Kantor et al., 2017; Kazlauskas, 2017). Individual therapy carries high cost, in part
because of the number of therapy sessions needed. There can also be concerns
about stigma which can prevent individuals from seeking out treatment in the first
place (Kantor et al., 2017). Most empirically validated treatments for PTSD require
patients to recall and talk about the traumatic experience in detail. Many patients are
reluctant to recall and re-experience their memories of trauma and therefore often
drop out of such treatments (Kantor et al., 2017). Many therapists are also reluctant
to deliver trauma-focused therapies such as prolonged exposure due to fear of
exacerbation of symptoms or concerns with patients’ dropout (Najavits, 2015).



Dropout from PTSD treatment is indeed high, about 16% overall (ranging from 14-
18%) in meta-analytic research (Lewis et al., 2020b). These numbers are thought to
be even higher in real life settings, i.e., outside of clinical trials (Najavits, 2015). Only
half of those who have severe PTSD receive treatment and only a minority receive
specialty health care (Koenen et al., 2017). Access to empirically validated treatment
for PTSD is limited in many places, especially in rural areas. New, briefer approaches
that reach more people or can be delivered remotely in geographically dispersed
countries via the Internet are needed (Kantor et al., 2017).

One way to overcome these treatment barriers is to develop scalable, easily
accessible, and acceptable interventions that focus on one tractable symptom rather
than the full diagnosis of PTSD (Singh et al., 2020). Such an intervention may lead
to improvement in the symptom network overall (McNally, 2012; 2017).

1.6 Development of an imagery-competing task intervention for
intrusive memories

An intervention has recently been developed that is simple and brief and aimed at
reducing the number of intrusive memories after trauma. This intervention is scalable,
building on principles from cognitive science (Holmes et al., 2014; 2018), and is in
line with recent calls within the literature to develop new therapeutic approaches for
PTSD such as those that target memory (re)consolidation (Hoge & Chard, 2018).
This intervention option focuses on reducing one single symptom (i.e., intrusive
memories) rather than all PTSD symptoms (Singh et al., 2020).

There are several different time points during which a memory can be altered (Visser
et al., 2018). According to theories of memory consolidation, trauma memories do
not form immediately after trauma. Post trauma there is a window of several hours in
which the memory is malleable and vulnerable to disruption (Nader, 2003; Walker et
al., 2003). Perceptual sensory memories can be disrupted during memory
consolidation by actively engaging in visuospatial tasks that compete with the
sensory perceptual resources of the brain. This type of interference results in reduced
vividness and emotionality of the traumatic memory (Andrade et al., 1997; Baddeley
& Andrade, 2000; Engelhard, van Uijen & van den Hout, 2010; van den Hout &
Engelhard, 2012).

One such task involves playing the computer game Tetris with mental rotation, i.e.,
actively rotating the blocks in one’s mind while playing the game. This entails bringing
an image to mind, which can be the visual content of a memory, using a memory
reminder. Then playing the game with focus on trying to place the next block (game
contains seven differently shaped and coloured blocks) being played by visualizing
how to rotate it for the best fit, for a certain amount of time (for further information see
Holmes et al., 2019, chapter 11).



Introduction

Laboratory studies to date have indicated that to reduce the occurrence of intrusive
memories after trauma the task must compete specifically with visuospatial resources
(Holmes et al., 2010). Supporting this are mixed results for verbal tasks in reducing
intrusive memories, for example the verbal computer game Pub quiz or word games.
In a study conducted by Hagenaars et al. (2017), both Tetris gameplay and word
games after memory reactivation resulted in fewer intrusive memories of analogue
trauma, which participants were exposed to four days prior. However, in Holmes et
al. (2010), a Pub quiz did not result in reduction of intrusive memories and in some
cases even resulted in increased frequency of intrusions 30 minutes after
experimental trauma compared to a no-task control and Tetris game play with mental
rotation.

The trauma film paradigm involves exposing participants to distressing film footage
in a controlled research setting. This is done to induce analogue intrusive memories.
Studies utilizing this method with healthy participants have shown that in comparison
to control tasks, visuospatial tasks in the form of the computer game Tetris
administered during or soon after the film can reduce the frequency of intrusive
memories of experimental trauma (visual scenes) in the following week (Holmes et
al., 2009; 2010).

1.7 Imagery-competing task intervention to prevent intrusive
memories

Studies on using Tetris gameplay with mental rotation after a hotspot recall (memory
orientation cue) to prevent intrusive memories from forming have been extended from
laboratory settings to real-life circumstances with promising results. In a randomized
control trial conducted by lyadurai et al. (2018) among survivors of road traffic
accidents, the frequency of intrusive memories was compared between two groups.
Firstly, an intervention group where the intervention comprised of a memory reminder
cue followed by 20-minute Tetris gameplay with mental rotation and the latter an
attention-placebo group which entailed a written activity log for 20 minutes. Both
conditions were delivered in an emergency department within six hours of a motor
vehicle accident. The results showed that the intervention group reported fewer
intrusive memories than the control condition group. Furthermore, the frequency of
intrusive memories declined more quickly for those in the intervention group
compared to the control condition group. Another study among women who had an
emergency caesarean section found that women in the intervention group had 48%
less intrusive memories than the usual care group when the intervention was
delivered within 6 hours of the traumatic event (Horsch et al., 2017). Recently,
Kanstrup et al. (2021) conducted an exploratory pilot randomized controlled trial
among trauma exposed patients (N = 41) in a hospital emergency department (i.e.,
mixed trauma sample). Participants were allocated randomly to two groups; the
intervention included a reminder cue followed by Tetris gameplay with mental rotation



and the active control condition was to listen to a podcast. Both were delivered on
participants’ smartphone within 72 hours of arriving at the emergency department.
Participants in the intervention group reported fewer intrusive memories both one
week (48%) and five weeks later (90%) compared to the control group. Results of
credibility and expectancy measures were very similar in both groups, and no serious
adverse events were reported associated with the intervention (Kanstrup et al.,
2021).

1.8 Reducing already established memories with an imagery-
competing task intervention

The possibility of targeting already established trauma memories is suggested
through the process of memory reconsolidation (Visser et al., 2018). Reconsolidation
is the process in which a previously consolidated memory is reactivated, is malleable
and re-stabilization is needed for the memory to persist (Nader et al., 2000). The
memory can be altered (e.g., become less emotional) with an intervention that
disrupts the reconsolidation process. However, for that to happen, the memory must
first be reactivated by a reminder cue (Merlo et al., 2014). There are also some
indications that a time gap of a few minutes between the memory reminder and the
intervention is needed to allow the memory to become destabilized (Schiller et al.,
2010). However, there are no clear indications of when the reconsolidation process
begins after a reminder cue. For example, in Hagenaars et al. (2017) no time gap
was used between the memory reminder cue and Tetris gameplay, which still led to
a reduction in frequency of intrusions of analogue trauma. In a study conducted by
James et al. (2015), a time gap of 10 minutes was used in between the memory
reminder and visuospatial task. The results showed that even the frequency of
established intrusive memories that are induced by experimental trauma can be
reduced dramatically by disrupting reconsolidation with a competing visuospatial
task. They found, furthermore, that both memory reactivation and playing Tetris with
mental rotation were required for reduction of subsequent intrusions (James et al.,
2015), supporting the notion that reconsolidation mechanisms are at stake (Dudai,
2004).

The acceptability of using Tetris game play with mental rotation as a visuospatial
interference intervention for intrusive memories of trauma has been tested by Holmes
et al. (2017) among 22 Syrian refugees. Most participants felt that this task was an
acceptable way to reduce the daily frequency of intrusive memories.

Kessler et al. (2018) used an intervention that included a memory reminder cue
followed by Tetris gameplay with inpatients suffering from complex PTSD (N=20). In
each intervention session, one memory was targeted at a time, which included a
memory reminder for a specific intrusion before playing Tetris for 25 minutes with
mental rotation on a weekly basis. Thus, one session was used for each specific
memory. Results showed that targeting a specific intrusion was usually followed by a



Introduction

sudden drop in the frequency of that intrusive memory, often to zero, either in the
week directly following the intervention or one week later. The frequency of targeted
intrusive memories was reduced by 64% compared to an 11% reduction on average
for non-targeted memories. Out of the 20 patients, 16 showed a 50% or more
reduction in intrusion frequency for a given memory, for more than 50% of their
intrusions. Eleven patients showed a 50% reduction response for every intrusive
memory and only one patient did not show any reduction of the frequency of their
intrusive memories. According to self-report measures on depressive, anxiety and
PTSD symptoms from admission to discharge, about half of participants reported
clinical improvements in their symptoms. Furthermore, there were no serious adverse
events or drop-out associated with the intervention (Kessler et al., 2018).

In a single case study by lyadurai et al. (2020) the intervention was implemented with
a patient diagnosed with bipolar Il disorder and comorbid PTSD symptoms,
experiencing various intrusive images, for example of childhood trauma, social
situations, and obsessive images. The patient recalled the imagery content and
played Tetris with mental rotation for 10 minutes. The results showed that post
intervention the images became less vivid and less distressing and that the frequency
of intrusions went from daily occurrence to coming up once or twice per week. The
patient also reported less PTSD symptoms and improvements in mood post
intervention.

In Kanstrup et al. (2020) the intervention was adapted for people who were refugees
and used to target already established memories of their war-related trauma (N=4).
The memory reminder used here was a brief list of intrusive memories (i.e., hotspot
sheet) where participants were asked to briefly describe in a few words the imagery
content of their intrusions, either by writing it down themselves or telling the
researcher what to write. The intervention was delivered in a community setting such
as a library and memories were targeted one by one in separate intervention
sessions. All four participants showed a decrease in the number of intrusive
memories after the intervention and reported improved functioning. For example, one
participant had a decrease from ten memories at baseline to zero after the first
intervention week, and another participant reported 28 memories at baseline which
reduced to 14 after the first intervention week. Participants reported improvements in
for example sleep, concentration and functioning. The intervention was considered
feasible and acceptable.

Singh et al. (2021) used a digitalized adaptation of the intervention with three nurses
working clinically during the COVID-19 pandemic. All experienced intrusive memories
from a work-related traumatic event. Participants completed the intervention once
with a researcher which included 25-minute Tetris gameplay with mental rotation after
a memory reminder delivered remotely. Participants reported different numbers of
intrusive memories in week one (baseline), the first reported nine, the second



reported seven and the third reported four intrusive memories. After the guided
intervention session, the intervention delivery was self-guided by the participants.
The number of intrusive memories was greatly reduced for all participants, and they
all reported the number of intrusions being zero during week five. Participants
reported reductions in PTSD symptoms and improved functioning. One participant
for example reported that having intrusive memories effected their empathy and
interactions with patients, which highlights how reduction the reduction of intrusive
memories might be beneficial to health care professionals and their patients.

The digitalized intervention and data collection were perceived as feasible and rated
acceptable and all participants would recommend the intervention to a colleague.
Participants regarded the digital intervention as a useful tool that could easily be used
in everyday work life. They all considered the intervention to be useful in dealing with
future trauma exposure (Singh et al., 2021).

The feasibility of a fully remote format delivery of the intervention was explored
among 12 Icelandic women in a study by Hardarson et al. (2024) (note: this study
was conducted as the next study in the series after those presented in this thesis).
Intrusive memories, the intervention and how to use it were explained through short,
animated videos to participants in three separate sessions (baseline session and two
intervention sessions). Participants were in the first intervention session instructed to
play Tetris on their computer for at least 20 minutes using mental rotation and were
encouraged to use the intervention at their convenience after having an intrusive
memory whether it had been targeted in session or not. Participants monitored the
daily frequency of their intrusive memories over a five-week period and for one week
at week one at the three-month follow-up. They also answered questionnaires at
week one, one month and at three months after the first intervention session. Eight
participants completed the primary outcome (total number of intrusive memories) and
their intrusive memories reduced by 68% from baseline to five weeks after the second
intervention session. Seven participants completed the three-month follow-up, and
the number of intrusive memories had reduced by 91% compared to baseline. PTSD,
depressive and anxiety symptoms were decreased at each time point from baseline
to the three-month follow-up and functioning was reported to improve as well.

No adverse events related to the intervention were reported by participants and they
rated the intervention to be an acceptable way to reduce intrusive memories. The
findings demonstrated the feasibility of the intervention, mostly delivered by non-
specialists after online training (Hardarson et. al., 2024).

In summary, results from previous research warrant further investigation of this novel
and brief intervention, aimed to target intrusive memories after trauma. The
intervention is simple and scalable and therefore could reach people despite
geographical restraints. It does not require detailed description of traumatic events
on participants’ behalf. The intervention therefore has the potential to remove some
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existing barriers when it comes to PTSD treatment. Targeting the core symptom of
PTSD has the aim of reducing not only intrusive memories but also other symptoms
in the PTDS network.






2 Aims

2.1 Primary aims

Our primary aim was to investigate whether a brief imagery competing task
intervention (i.e., hotspot memory recall then Tetris gameplay with mental
rotation for 25 minutes) would result in participants reporting fewer intrusive
memories during the intervention phase than in the preceding baseline phase.
We furthermore predicted that the reduction in the number of intrusive memories
would be maintained during one-month and three-month follow-ups. We
expected that targeted intrusive memories would decrease more than non-
targeted ones.

2.2 Secondary aims

In addition, we explored whether having fewer intrusive memories of trauma
would be associated with improvements in functional impairment and reductions
in symptoms of PTSD, depression, and anxiety (secondary outcomes). We
explored the feasibility of the intervention as well.
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3 Materials and methods

3.1 Participants

Participants were recruited from a sub-study of the Stress and Gene Analysis (SAGA)
Cohort, a population-based longitudinal study of Icelandic women (e.g., Thordardottir
et al., 2024). The sub-study included two groups from the SAGA cohort: women with
a probable diagnosis of PTSD (defined as a score of 33 or higher on the
Posttraumatic Stress Disorder Checklist 5 (PCL-5)) and women unlikely to have
PTSD (scores in the lowest fifth of the PCL-5 distribution). Eligibility for the studies
was determined by using two semi-structured diagnostic tools: the Mini International
Neuropsychiatric Interview (MINI) and the Clinician-Administered PTSD Scale for
DSM-5 (CAPS-5). These interviews were used for all participants to confirm clinical
diagnoses and to assess exclusion criteria.

Participants from the sub-study who consented to being contacted for future research
were subsequently evaluated for inclusion in this research project.

The screening process involved providing a brief explanation of intrusive memories,
defined as involuntary and distressing recollections that often include sensory
impressions such as visual or auditory experiences, typically manifesting as images
or short film-like sequences. Subsequently, the presence of this symptom was
evaluated.

The inclusion criteria for the studies were as follows: (a) having experienced at least
one Criterion A trauma as defined by the DSM-5 (American Psychiatric Association,
2013); (b) reporting at least one intrusive memory occurring a minimum of three times
per week over the past four weeks; (c) availability to attend 3-8 sessions with the
researcher; (d) willingness to monitor intrusive memories in daily life; (e) access to a
smartphone; and (f) proficiency in speaking Icelandic and reading study materials in
Icelandic. The exclusion criteria were the following: (a) a current diagnosis of a
psychotic disorder; (b) a current manic episode; and (c) acute suicidality.

13



3.2 Studyl

3.2.1 Participant

The participant reported clinically significant PTSD symptoms within the past month,
stemming from physical violence experienced during childhood. The total symptom
severity score was 22/80 on the CAPS, with the participant missing one symptom in
the E cluster to meet full diagnostic criteria (reporting 5 symptoms in cluster B, 2 in
cluster C, 3 in cluster D, and 1 in cluster E; see Measures). This assessment was
carried out two months prior to participation in the current study as part of a sub-study
within the SAGA cohort using the CAPS (see Measures). Additionally, the participant
met diagnostic criteria for social anxiety disorder and obsessive-compulsive disorder
based on the MINI diagnostic interview (see Measures). While the participant had
previously received psychological treatment for work-related issues, she had never
received trauma-focused psychological treatment. She also reported no use of
psychotropic medication in the three months preceding participation.
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Figure 1. Adapted CONSORT participant flow diagram for Study |.

3.2.2 Procedure

The frequency of each intrusive memory was recorded daily in a diary by the
participant over several time periods: a 4-week preintervention phase, the 8-week
intervention phase, and one week each at the one-month and three-month follow-
ups. During the preintervention phase, the participant documented intrusive
memories daily to establish a baseline level of intrusions.

Although this phase was initially intended to last one week, it was extended to four
weeks due to scheduling delays. Similarly, the intervention phase, originally planned

15



for six weeks, was extended to eight weeks for the same reason. Despite these
adjustments, the participant continued to monitor the frequency of intrusive memories
throughout the extended periods, and all data were included in the analyses. At both
follow-up intervals, the participant resumed the daily diary for one week.

The intervention targeted four distinct intrusive memories sequentially across six
sessions guided by a clinical psychologist with expertise in trauma-focused CBT. At
the beginning of each intervention session the participant was asked which intrusive
memory she would like to target, the daily diary was considered here (which memory
was the most frequent or distressing). The study design implemented an AB design
repeated four times, corresponding to the intervention for each memory. In addition
to the guided sessions, the participant had the option to independently administer the
intervention for previously targeted memories after the first session.

3.2.3 Training

Researchers delivering the intervention in Study | and Study Il were clinical
psychologists who have specialised training in delivering trauma therapy (Kristjana
Thorarinsdottir (KT) and Johann Hardarson (JH)). They underwent training from
experts and received clinical supervision, promoting adequate intervention delivery
and protocol adherence. Training included two in-vivo workshops for three days and
then approximately six months later for two days delivered by the clinical researcher
with expertise in developing the intervention (Emily Holmes (EAH)) and delivered
together with a clinical psychologist with expertise delivering the intervention in other
settings (Marie Kanstrup (MK)). Theoretical background and practical aspects of the
intervention (e.g., how to explain and capture the primary outcome measure) were
covered in the workshops as well as roleplaying with the trainers until adequate
performance was reached. During data collection, researchers received continued
supervision, adherence checks and support regarding any adaptations necessary
from a clinical supervisor via telephone after sessions with the participant, and in
weekly supervision meetings (led by EAH). The researchers also participated in
remote group training meetings twice a month with other researchers using the
intervention.

3.3 Studyll

3.3.1 Participants

Five women that met the inclusion criteria were selected (see Figure 2 CONSORT
diagram). The participants are identified as P1, P2, P3, P4, and P5. The initial two
recruits, P1 and P2, did not complete the intervention sessions due to timing issues
related to medical and family matters. Although baseline data were collected from
them, they were later excluded from the data analyses. Following their withdrawal, a
question was added during recruitment to assess whether participants anticipated

16



any obstacles to their participation. According to the MINI, P1 did not meet the
diagnostic criteria for any psychological disorders, while P2 met the criteria for bipolar
disorder and reported subthreshold PTSD symptoms.
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Figure 2. Adapted CONSORT participant flow diagram for Study II.

Three participants completed the study. Among them, two participants had PTSD
along with other comorbid conditions, and one exhibited subthreshold PTSD.
Specifically, P3, a woman in her forties met the criteria for both PTSD and major
depressive disorder (MDD). P4, a woman in her sixties, did not meet any formal
diagnostic criteria but reported subthreshold PTSD symptoms. Lastly, P5, a woman
in her fifties was diagnosed with MDD, social anxiety disorder (SAD), and PTSD.
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Regarding their intrusive memories, P3 reported having 10 different intrusive
memories from childhood physical violence, P4 reported 3 intrusive memories from
childhood sexual abuse, and P5 reported 6 intrusive memories from childhood sexual
abuse (see procedure and training in Study I).

3.4 Study lll

3.4.1 Participants

Assessed for eligibility (n=33)

Excluded (n =43)

* Not meeting inclusion criteria (n =43)
o Intrusive memories not from

criterion A trauma (n=6)
Included (n =10) o Intrusive memories not
T frequent enough (n=8)
: © Do not have intrusive
[ Baseline phase (1 week) ] widiinnis (i=29)
*
Completed baseline (n =9)
[ Intervention phase (6 weeks) ]
Completed intervention phase (n =8)
[ Follow-up (1 week) ]
v
Completed 1-month follow-up (n =8)
v
Completed 3-month follow-up (n =6)
¥
(==
v
Analyzed (n =8)

Analyzed (n =8) I

Figure 3. Adapted CONSORT participant flow diagram for Study Il

Ten participants were initially recruited, ranging in age from 22 to 65 years (M=43.2,
SD=15.67). Participants will hereafter be referred to as P1, P2, P3, etc. Two
participants (P6 and P8) did not complete the intervention sessions due to non-
suitability of the study timing in their lives (P6 did not complete baseline measures
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but baseline data were collected from P8). Both P6 and P8 were excluded from data
analyses.

Eight women completed the study. Three of them met criteria for PTSD (P2, P7 and
P9) and three had subthreshold symptoms of PTSD (P1, P3 and P10). P1 reported
subthreshold PTSD symptoms and met criteria for agoraphobia without a history of
panic disorder (PD). P2 met criteria for PTSD, general anxiety disorder (GAD) and
PD with agoraphobia. P3 reported subthreshold PTSD symptoms and met criteria for
SAD. P4 met criteria for MDD and SAD. P5 met criteria for PD without agoraphobia.
P7 met criteria for PTSD, P9 met criteria for PTSD and SAD, GAD and MDD. P10
reported subthreshold PTSD symptoms and met criteria for SAD (see Measures).

P1, a woman in her sixties; reported having 3 different intrusive memories from a
single event involving an accident in adulthood. P2, a woman in her forties, reported
having 8 different intrusive memories from a single event involving an accident that
took place in her adulthood. P3, a woman in her fifties, had 6 different intrusive
memories from a single event involving an accident that happened in her childhood.
P4, a woman in her thirties, reported having 5 different intrusive memories involving
physical violence in adulthood. P5, a woman in her fifties, and P7, a woman in her
thirties, both reported having 7 different intrusive memories involving physical
violence and sexual abuse in childhood, but one of P7’s memories was from an
accident in adulthood. P9 and P10, both women in their thirties, reported having 3
different intrusive memories involving sexual abuse and physical violence taking
place during their childhood.

3.4.2 Training

All individuals delivering the intervention underwent training, feedback and continued
clinical supervision from researchers/clinical psychologists (EAH and MK, with expert
experience in this intervention) to promote adequate intervention delivery and
protocol adherence. In addition to previous training for the clinical psychologists
(N=2) (see Study I), who delivered the intervention in Study | and Study I, the
students, master’s level student and three bachelor’'s degree graduates participated
in training workshops remotely via online video sessions. The students delivered the
intervention for three participants for Study Il (P7, P9 and P10), intervention delivery
was otherwise conducted by the clinical psychologists who have specialised training
in delivering trauma therapy (KT and JH). All workshops included topics such as
theoretical background, practical aspects (including how to explain and use the
primary outcome measure) as well as roleplaying with trainers, with individual
feedback provided until adequate performance was reached. All individuals delivering
the intervention received ongoing clinical supervision and support after each session
via telephone from a clinical supervisor (KT) and in weekly group supervision
meetings (EAH and MK).
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3.5 Design

Single-case designs represent a critical step in evaluating the efficacy of novel
interventions and refining intervention protocols (Krasny-Pacini & Evans, 2018; Vohra
& Punja, 2019). These designs enable researchers to examine individual variability
and symptom trajectories over time (Senn, 2018). In line with moving toward
individualized, patient-centred care, N-of-1 trials are becoming increasingly important
(Bradbury et al., 2020). Traditionally, the replication of AB (or ABAB) designs is
considered necessary to establish the effects of an intervention (Krasny-Pacini &
Evans, 2018). However, Kanstrup et al. (2021) argued that a traditional ABAB design
may not be optimal in all such cases. When examining this intervention in their study,
effects of the intervention persisted after a single session and did not exhibit rebound,
which made it impossible to withdraw and reintroduce the intervention as required by
a classic ABAB design.

Instead, Kanstrup et al. (2021) recommended a multiple-baseline AB design, like the
approach described by Kessler et al. (2018). This design involves targeting different
intrusive memories consecutively, with separate intervention sessions for each
memory. This allows for a focused assessment of the intervention’s effect on each
memory over time. The present study adopted this methodological approach.
However, the design is referred to as a repeated AB design to avoid confusion with
other case-series frameworks, such as those involving multiple randomized
baselines.

In this design, intrusive memories were targeted one at a time across different
sessions (Kessler et al., 2018). A critical component of the procedure is that the
participant distinguishes between the contents of their various intrusive memories—
for example, (a) red curtain, (b) man’s face, (c) blood on the floor, (d) closed door
(note: examples are fictitious to preserve anonymity) and tracks the frequency of each
intrusion over time. The repeated AB design allows for variation in the length of
baseline (‘A,’ pre-intervention monitoring only) and intervention (‘B’) phases across
memories, depending on when each specific memory was targeted. Each baseline
phase serves as a control period, enabling comparison of intrusion frequency before
and after being targeted with the intervention.

3.6 Baseline session

During the first session, the participant completed baseline questionnaires (focusing
on secondary outcomes) and the researcher explained the concept of intrusive
memories (mostly visual, like images or film clips) that are involuntary and distressing.
The participant then briefly described each of her intrusive memories using just a few
words to convey their visual content. The researcher recorded these brief
descriptions on a clearly visible “hotspots” sheet. Importantly, the participant did not
engage in detailed discussions about the trauma or the memories. Each intrusive
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memory was labelled with a symbol (e.g., the first memory was marked “A”, the
second “B”, etc.), and the participant was instructed on how to monitor their daily
frequency using a diary as the primary outcome measure. In the diary, she noted the
corresponding symbol for each memory within specific time frames, with the diary
structured to cover seven days, each divided into four time periods (see Measures).

3.7 Intervention sessions

In each intervention session (maximum 6 sessions), participants chose one intrusive
memory to target and (guided by the researcher) completed the intervention
procedure. The memory chosen could be the most distressing or frequent, or for
some other reason the one that the participant wished to target at that time. The
intervention consisted of a brief memory reminder, i.e., briefly thinking about the
intrusive memory to bring the image to mind without it becoming emotionally
overwhelming; this approach is different from the memory reminder used by Kessler
et al. (2018) or Kanstrup et al. (2021). Participants were asked: “What would be the
best way for you to bring the memory to mind without it becoming emotionally
overwhelming?”

After the memory reminder procedure, participants were trained in playing Tetris with
mental rotation. They then played Tetris using mental rotation for 25 minutes (see
Holmes et al., 2019, chapter 11). For in-person meetings the Tetris gameplay was
delivered with Nintendo DS, set to “Marathon” mode and ghost piece off, on a 10.1-
inch screen. When intervention sessions took place remotely the Tetris gameplay
was done on the participants” computer with share screen on so the researcher could
monitor the gameplay, especially regarding mental rotation. Participants were invited
to self-administer the intervention for memories already targeted in session using a
mobile version of Tetris created by Electronic Arts (EA mobile Montreal Team, 2014).
For this they were instructed to play in the same way as in-session when the intrusion
came to mind involuntarily. Only one intrusion was targeted per session; when the
next intrusion was targeted, participants (not researchers) selected the memory to
target. In the last intervention session, participants again completed secondary
outcome measures.

For Study | all sessions were completed face to face. During data collection for Study
Il Covid-19 hit (the University of Iceland closed March 19t 2020), researchers
switched to remote (rather than in person) delivery. This was done through Kara
Connect, which is a GDPR compliant online platform, certified by the Icelandic
Directorate of Health. Thus, for Study Il the last intervention session for P3 was done
remotely, intervention sessions two and onwards were remote for P4 and all sessions
were remotely delivered for P5. Tetris was played online (https://tetris.com/) on the
participants’ computers (ghost piece off and sound set to 0%) with share screen on
so the researcher could monitor participants gameplay via Kara Connect, which
increased the likelihood of instruction adherence, especially regarding using mental
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rotation. In Study Il all sessions were delivered remotely in the same way as in Study
Il.

3.8 Follow-up

At the one-month and three-month follow-ups, participants recorded the number of
intrusions in the diary daily for one week and completed secondary outcomes
measures. Data were recorded on a laptop into the REDCap database (Research
Electronic Data Capture; www.project-redcap.org), an encrypted, electronic software
and stored on a secure server (Harris et. al., 2009).

4 Measures

4.1 Eligibility assessments (part of the SAGA cohort sub-study)

The Clinician Administered PTSD Scale (CAPS-5) is a 30 item semi-structured
interview used to assess symptoms of PTSD from an index trauma and symptom
severity in the past month, according to the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5) (American Psychiatric Association, 2013). Each item is
scored on a 5-point Likert scale (O=mild/subthreshold; 4=extreme/incapacitating) with
a threshold symptom rating of 2 (i.e., moderate) for a possible diagnosis. Frequency
and severity for each symptom was scored separately on a 5-point Likert scale (0 =
mild/subthreshold; 4=extreme/incapacitating) with a threshold symptom rating of 2
(i.e., moderate) for a possible diagnosis. The CAPS-5 has excellent internal
consistency (Cronbach’s alpha =.88) and test-retest reliability (.83) along with good
convergent validity (.83) (Weathers et al., 2018) making it a useful tool for diagnosing
PTSD.

The Mini International Neuropsychiatric Interview (MINI) is a structured
diagnostic interview that assesses Axis | psychiatric disorders according to the DSM-
IVV. The MINI has been shown to have good sensitivity and specificity for most
diagnoses (Lecrubier et al., 1997). Inter-rater and test-retest reliability has been
shown to be good, with kappas in the high to very high range (ks=.79—-1.00) (Sheehan
et al., 1997). The Icelandic translation (Sigurdsson, 2008) shows good convergent
validity with self-report measures of anxiety and depression.

4.2 Primary outcome measure

Intrusive memory diary. The diary was adapted from previous experimental and
clinical studies (see e.g., James et al., 2015; lyadurai et al., 2018; Kanstrup et al.,
2021). It included a daily record of four times per day (morning, afternoon, evening
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and night) for one week. The diary instructions included a definition of intrusive
memories as being distressing and involuntary mental images (such as visual images
or a film in the mind’s eye). Participants were instructed not to record voluntary
thoughts or verbal thoughts without sensory content. Participants monitored the
occurrence of their intrusive memories in a daily diary for one-week pre-intervention;
for maximum of six weeks during the intervention phase and then again for one week
during one-month and three-month follow-ups. When indicating having an intrusion,
participants used the symbol corresponding to that specific memory, and therefore it
was possible to examine change in frequency (here calculated as the number per
week) for each memory individually. The primary outcome was the change in the
number of intrusive memories from baseline to the intervention phase and to longer-
term follow-ups.

4.3 Secondary outcome measures

PTSD symptoms in the past month were evaluated with the Posttraumatic Stress
Disorder Checklist 5 (PCL-5), a self-report scale with 20-items. Each symptom is
rated on a 5-point Likert scale (O=not at all; 4=extremely), higher scores indicating
greater severity. PCL-5 evaluates the severity of PTSD symptoms corresponding to
the DSM-5 criteria for PTSD and has strong internal and test-retest reliability, along
with good convergent and discriminant validity (Blevins et al., 2015). Criteria of clinical
significance are not available for the PCL-5, however a score of 24 or below post-
treatment can be interpreted as clinically significant change (Wortmann et al., 2016).

Depressive symptoms in the past two weeks were evaluated with the Patient Health
Questionnaire-9 (PHQ-9), a self-report measure with 9-items rated on a 4-point Likert
scale (O=not at all; 3=nearly every day) (Kroenke et al. 2001). The PHQ-9 evaluates
depressive symptoms and their severity and has good internal reliability and good
test-retest reliability (Kroenke et al., 2001). A 5-point change in the total score is
considered clinically significant (Kroenke, 2012).

Anxiety symptoms in the past two weeks were evaluated with the Generalized
Anxiety Disorder-7 scale (GAD-7), a self-report questionnaire in which each item is
rated on a 4-point Likert scale (0O=not at all; 3=nearly every day). The GAD-7
assesses symptoms of general anxiety disorder and their severity. It has been shown
to have good internal reliability and good test-retest reliability (Spitzer et al., 2006). In
general, the GAD-7 has been useful in screening for anxiety disorders (Kroenke et
al., 2007). A 4-point change on the GAD-7 is considered clinically significant
(Toussaint et al., 2020).

Functional impairment in the previous week was evaluated with the Sheehan
Disability Scale (SDS), a self-report measure with three domains ((1) work/school,
(2) social, and (3) family life) assessing functional impairment on an 11-point scale
(O=not at all; 10=extremely) (Leon et al., 1997). A 3-point change on the SDS scale
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has been considered a measure of response to treatment (Coles et al., 2014).
Instructions in the current study asked the participant to assess impairment
associated with intrusive memories. The scale has been found to have good internal
and test-retest reliability along with good construct validity (Leon et al., 1997). The
Icelandic version of the SDS has been shown to have good internal consistency in
clinical groups (0=.84) (Bjornsson et al., 2020).

Self-guided adherence for using the gameplay part of the intervention in daily life
was assessed with the item “How often did you manage to play Tetris after you
experienced an intrusive memory?” (11-point scale; 0=not at all; 10=every time).

Feasibility and acceptability ratings of the intervention were assessed with two
self-rated items, “Would you recommend playing Tetris to a friend?” and “Do you
consider gameplay to be an acceptable way to reduce the daily frequency of intrusive
memories?” The scores ranged from 0 to 10 where higher scores referred to greater
acceptability. The following two open-ended questions were included: 1. “How did
you feel about playing Tetris after you had an intrusive memory?” 2. “Did you find the
intervention helpful? If yes, how?”

The impact of intrusive memories on concentration, sleep and stress in the past
week was evaluated with six self-rated items: Two items assessing general
concentration difficulties and difficulties due to intrusive memories (11-point scale;
higher scores indicating more difficulties), one item assessing disruption on
concentration in minutes in the past week, two items assessing the effect of intrusive
memories on sleep (11-point scale; higher scores indicating more sleep disturbance),
and one item assessing the effect of intrusive memories on stress levels (0=not at all;
10=affected very much).

Ratings of general impact of intrusive memories were obtained with two items
rating the intensity and vividness of the intrusions, rated on an 11-point scale (0=not
at all; 10=very distressing/vivid).

Intrusion diary adherence was assessed with one item: “How accurately did you fill
out the diary?” (O=not at all; 10=very accurately).

Impact of intrusive memories on daily functioning was evaluated with one open-
ended question: “How have the intrusive memories affected your ability to function in
your daily life in the past week?” and one self-rated question: “Have the intrusive
memories affected your ability to function in your daily life?” (11-point scale, a higher
score indicates greater impact).
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4.4 Data analysis

4.41 Change in the total number of intrusive memories

The primary outcome was the change in the number of intrusive memories per week
from the baseline phase to the intervention phase and to follow-ups (one-month and
three-month). Primary outcome was examined in terms of total number of intrusions
per week for each participant. The number of all intrusions occurring in the baseline
phase for each participant was summed up as well as for the intervention phase and
each of the follow-up weeks. These periods had different time lengths and therefore
the mean number per week was calculated to make the measure comparable across
phases. Missing data was dealt with by excluding these timepoints from the
calculations (see Results section). For example, one participant had a baseline
period of 14 days, but data were present for 6.5 days, thus the total number of
intrusions per week was calculated as 10 intrusions/6.5 x 7=10.77 intrusive memories
per week during baseline.

When examining change over time, percentage reduction in total intrusions per week
was calculated from the baseline phase to intervention phase to other time periods
as follows [1 - (mean number per week during intervention phase/mean number per
week during baseline)] * 100). For example, for the same participant there were 4.7
intrusions per week in the intervention phase, this was calculated as [1-
(4.7/10.77)]x100=56.4% reduction in the intervention phase compared to baseline.

4.4.2 Change in the number of targeted intrusive memories relative to
non-targeted memories.

Next, we examined the data per intrusive memory. Specifically, we examined the
number per week of targeted memories in comparison to non-targeted ones. This
was done by calculating the number in the same way as described above for targeted
memories (i.e., each of the targeted memories has different baseline and intervention
periods). However, baseline and intervention periods were established for non-
targeted memories since they were not targeted with the intervention. The baseline
for each non-targeted memory was one week (i.e., before any memory was targeted)
and the intervention phase was determined as the period from when any of the
memory was targeted with the intervention.

4.4.3 Other symptoms and functioning

A descriptive approach was used to investigate whether clinically significant changes
were observed in overall symptoms of posttraumatic stress, depression, anxiety and
functional impairment.
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4.5 Ethical statement

The studies were approved by the National Bioethics Committee in Iceland (No:
VSNb2017110046/03.01). Participants provided their written and informed consent.
All sessions followed a written protocol. No adverse events related to the intervention
were reported by participants. However, given the early stage of this research an
arrangement was made with an independent clinical psychologist who specializes in
trauma for an interview free of charge to the participant, and to be referred to a
licensed clinical psychologist for treatment if needed. None of the participants made
use of these services.

4.6 Open science statement

In Study | we followed the preregistration for Study Il which was preregistered on
ClinicalTrials.gov (NCT04209283) on 2019-12-04. Study Ill was also preregistered
on ClinicalTrials.gov (NCT04342416) on 2020-11-03.

5 Results

5.1 Studyl

The participant reported four different intrusive memories that were predominantly
visual, each associated with a single traumatic event that had occurred around forty
years before participation. These memories were each monitored over time, with
each one being targeted at a different timepoints during the intervention phase (see
Figure 4).

One intrusive memory (Memory A) was targeted three times, as it was reported by
the participant to be the most distressing and frequent. Each of the remaining
memories were targeted once. The participant seemed to have a clear understanding
of the instructions and successfully completed all intervention sessions and
associated procedures. Intrusive memory diary data were missing for days 8—12 and
21-22 during the baseline phase, and for days 40—41, 49, 57-63, and 71 during the
intervention phase. The diary was fully completed during the follow-up periods. Most
missing entries occurred when there was a delay between sessions with rescheduling
of sessions, when the participant had completed a weekly diary but had not yet
received the next one. No attempts were made to recover data for missing days.
Overall, the diary was completed for 81 of the 99 study days, corresponding to an
82% completion rate. No data was missing for any of the secondary outcome
measures.
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5.2 Primary outcome

5.2.1 Total number of intrusive memories

Across the 4-week baseline phase, the total number of intrusive memories remained
relatively stable, averaging 12.6 per week (summed across all four memories). This
frequency decreased to 6.1 per week during the eight-week intervention phase (a
52% reduction from baseline), to 3.0 per week at the one-month follow-up (a 76%
reduction), and to 1.0 per week at the three-month follow-up (a 92% reduction; see
Table 1). Figure 4 shows the total number of intrusive memories per day across all
phases of the study. Visual inspection indicates a reduction in intrusions following the
second intervention session. The frequency of intrusive memories remained relatively
stable between sessions 2 (day 43) and 5 (day 73), followed by a further decrease
that was maintained at the one-month follow-up and continued to decline at the three-
month follow-up
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Figure 4. Graph for visual inspection of primary outcome data. Total number of intrusive
memories on Y-axis as total per day. Days since enrolment are shown on the X-axis, which
includes baseline (grey), intervention (white), and follow-up periods (light grey). Dashed
coloured vertical lines show when each intervention session was administered and which
specific memory (Memory A, B, C or D) was targeted (e.g. Session 1; Memory A in green).
Memories are labelled in order of when they were targeted (e.g., ‘Memory A’ was targeted in
the first intervention session). Solid black vertical lines show the one-month and three-month
follow-ups. Gaps in the time series in baseline and intervention periods reflect missing data.
(For individal intrusive memory data, see Figure 5).

5.2.2 Change in the number of each of the four specific intrusive
memories

Figure 5 displays the frequency of each intrusive memory across all study phases
(baseline, intervention, one-month follow-up, and three-month follow-up). All four
intrusive memories showed a reduction in weekly frequency following the
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intervention. The frequency of memory A decreased by 46%, memory B by 86%,
memory C by 58% and the frequency of memory D decreased by 26% when
compared to their specific baseline periods. At the three-month follow-up, the
frequency of three out of the four intrusive memories had gone down to zero (see
also Table 1).

Memory A was targeted in intervention sessions one, two, and five at the participant’s
request, as it was perceived as the most distressing. Visual inspection of Figure 5
indicates a decrease in frequency during the week following session one, with a
further reduction observed after session two. This reduction appeared stable across
both follow-up assessments. However, an increase in frequency was observed
between days 65 and 73, prompting Memory A to be targeted again in session five.
During that session, the participant reported having encountered an individual who
had been present during the original traumatic event, which appeared to trigger the
intrusive memory.

Memory B was targeted in session three, after which its frequency declined markedly
in the subsequent week and remained low across follow-ups. A reduction in
frequency for Memory C was observed in the week following session one (when
Memory A was targeted), and this lower frequency was maintained at both follow-
ups. In contrast, Memory D showed relatively little change in frequency throughout
the intervention phase (targeted in session six), though a reduction was evident at
the three-month follow-up.
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Figure 5. Graph for visual inspection of the number of intrusive memories (on Y-axis as number
per day) for each of the four specific intrusive memories reported by the participant (memories
A, B, C and D). Days since enrolment are shown on the X-axis, which includes baseline (grey),
intervention (white), and follow-up periods (light grey). Different baseline and intervention
lengths for each memory reflect that this is a repeated AB design. Dashed coloured vertical
lines show when each intervention session was administered and which specific memory was
targeted (e.g. Session one; Memory A in green). Memories are labelled in order of when they
were targeted (e.g., ‘Memory A’ was targeted in the first intervention session). Solid black
vertical lines show the one-month and three-month follow-ups. Gaps in the time series in
baseline and intervention periods reflect missing data.
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Table 1. Number of intrusive memories per week at baseline, intervention, one-month follow-
up, and three-month follow-up, and relative reduction (in %) from baseline, for total intrusions
and for each memory separately.

1- 3-
. Baseline Intervention % month % month %
Intrusions . . .
(A) (B) reduction follow-  reduction follow- reduction
up up
Total 12.6 6.1 52 3.0 76 1.0 92
Memory
A 3.8 20 46 1.0 74 1.0 74
Memory
B 3.6 0.5 86 0 100 0 100
Memory
c 24 1.0 59 1.0 59 0 100
Memory
D 1.4 1.0 26 1.0 28 0 100

Note. Total intrusions does not equate to the sum of the intrusions for each memory here. This
is because the length of baseline and intervention phases differ across each memory and the
total. See Data analysis for more detail on how these numbers were calculated.

5.3 Secondary outcomes

5.3.1 PTSD, depressive, anxiety symptoms and general functioning

Initial PTSD symptom levels were high at baseline (a PCL-5 score of 51) but were
reduced by more than half post-intervention (see Table 2). At the three-month follow-
up, the reduction was clearly clinically significant, with a PCL-5 score of only 5
(Wortman et al., 2016). Symptoms of depression, which were moderate at baseline
(PHQ-9 score in the 10-14 range), decreased to the mild range (PHQ-9 score in the
5-9 range) post-intervention, indicating a clinically significant improvement (Kroenke,
2012). Depression symptoms further improved to the minimal range (PHQ-9 score of
0-4) at the three-month follow-up. At baseline, the participant reported mild anxiety
symptoms (GAD-7 score in the range of 5-10) and did not show a clinically significant
change until the three-month follow-up, at which point anxiety levels were reduced to
the minimal range (GAD-7 score of 0-4) (Toussaint et al.,, 2020). Functional
impairment, as assessed by the Sheehan Disability Scale, also improved in a
clinically significant manner over time, decreasing from a baseline score of 15 to 0 at
the three-month follow-up (Coles et al., 2014).
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Table 2. Self-report measures for secondary outcomes (post-traumatic stress, depressive,
anxiety symptoms and general functioning) and impact of intrusive memories on concentration,
sleep, stress, and daily functioning.

Item .Baseliine Postintervention 1-month 3-month
interview follow-up follow-up
PCL-52 51 35 30 6
PHQ-9° 13 7 8 2
GAD-7¢ 9 7 7 2
SES¢ 15 15 5 0
Concentration® 5 3 3 1
cGoennch::rationf 4 3 S 3
Dt o ; : 2
Sleeph 5 3 2 0
Nightmares' 4 6 2 0
Stressl 5 3 3 1
Daily functioningk 5 1 3 0

Note. @The Posttraumatic Stress Disorder Checklist; scores ranging from 0-80; °The Patient
Health Questionnaire-9; scores ranging from 0-27; °The Generalized Anxiety Disorder scale;
scores ranging from 0-21; 9The Sheehan Disability Scale; scores ranging from 0 (unimpaired)
to 30 (highly impaired). ¢In the past week, how much did your intrusive memories disrupt your
concentration? 0=not at all disruptive; 10=extremely disruptive; fIn the past week, how much
difficulty did you have concentrating generally? 0=no concentration at all; 10=extremely
accurately; $When you had an intrusive memory, how long did it disrupt your concentration (in
minutes), in the past week? 0(<1 min); 5(>60 min); "Did your intrusive memories interfere with
sleep during the night in the past week? O=not at all; O=interfered very much; 'Did you
experience any nightmares that interfered with your sleep during the night in the past week?
0=did not experience any nightmares; 10=experienced a lot of nightmares; iln the past week,
did your intrusive memories affect how stressed you felt? 0=not at all; 10=affected very much;
kHave the intrusive memories affected your ability to function in your daily life? 0=not at all;
10=affected very much.
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5.3.2 Impact of intrusive memories on concentration, sleep, stress,
and daily functioning

Table 2 also includes the participant’s ratings of the impact of intrusive memories on
concentration, sleep, and stress. Notably, the impact of intrusive memories on
concentration decreased from five at baseline to one at the three-month follow-up.
The estimated duration of concentration disruption per intrusion was reduced from
four (30-60 minutes) at baseline to one (1-5 minutes) at follow-up. Similarly, the
impact of intrusions on sleep declined from five at baseline to zero at the three-month
follow-up. Their impact on stress decreased from five at baseline to one at the three-
month follow-up. The degree to which intrusive memories affected the participant’s
ability to function in daily life was also markedly reduced, from five at baseline to one
post-intervention, and to zero at the three-month follow-up.

At baseline, when responding to an open-ended question about how intrusive
memories influenced her daily functioning, the participant stated: “/ don’t sleep very
well, and that leads to fatigue which interferes with my daily functioning.” During the
final intervention session, she answered the same question: “/f fook some energy to
try not to think about them, but they bother me very little anymore.” At the one-month
follow-up, she reported: “I can’t concentrate when | have an intrusive memory, but
the memories don'’t really bother me anymore even though | have been in quarantine.
Usually when | am not busy that has meant more memories.” She also wrote: “I have
not needed to play Tetris, but it’s nice to know that | can if | have an intrusive memory.”
At the three-month follow-up, she stated: “They have not been bothering me in the
past weeks. It is a little uncomfortable that they may come, but they bother me very
little.”

5.3.3 Feasibility and acceptability

The participant rated the likelihood that she would recommend the intervention to a
friend as 10/10, indicating that she would “certainly recommend it.” She also rated
the acceptability of using gameplay as a method to reduce intrusive memories as
10/10, reflecting that she found it “very acceptable.” When asked how she felt about
playing Tetris after experiencing an intrusive memory, she described the intervention
as “very good.” In response to whether she found the intervention helpful, she stated:
“Yes, | forgot time and place, and the memory went away immediately.”

5.4 Study Il

5.4.1 Total number of intrusive memories

The total number of intrusive memories per day across all study phases (baseline,
intervention, and one-month follow-up) for each participant is presented in Figure 6.
As the same diary measure was used at the three-month follow-up, these data are
also included in Figure 6. Diary compliance was generally good across outcome
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phases, with most missing data occurring during the baseline phase. During the
baseline phase, the number of intrusive memories per day fluctuated for all
participants.
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Figure 6. Graphs for visual inspection of primary outcome data for each participant (on the y
axis as total number of intrusive memories per day, i.e. for all distinct memories combined).
Days since study start are indicated on the x-axis, which shows baseline (in grey), intervention
(in white), and follow-up periods (in light grey). Dashed vertical lines indicate when each of the
intervention sessions was administered, and which distinct traumatic memory was targeted
(each with a different colour line). Intrusive memories are labelled in the order of when they
were each targeted (e.g., ‘Memory A’ targeted in the first intervention session). Dotted vertical
lines indicate one-month and three-month follow-up periods. Gaps in the time series, for
example in baseline, represent missing data.
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A visual inspection of Figure 6 provides further detail for each participant. For
participant 3 (P3), the number of intrusions decreased following the first intervention
session relative to baseline, with some fluctuations throughout the intervention period
(days 8-65). The frequency of intrusions declined further at the one-month follow-up
but was not maintained at the three-month follow-up. For participant 4 (P4), despite
some missing data during baseline, the number of intrusions remained relatively
stable until the fourth intervention session targeting the same memory (day 36), when
a marked decrease to zero occurred. This reduction was maintained through the final
intervention session, as well as at both the one-month and three-month follow-ups.
For participant 5 (P5), a slight reduction in intrusion frequency was observed after the
second intervention session, followed by fluctuations until session five (day 36), when
the reduction became more stable. Intrusion frequency decreased further at the one-
month follow-up and was slightly increased during the three-month follow-up (see
Figure 6).

Table 3. Number of intrusive memories per week in the baseline phase, postintervention

phase, at one-month and three-month follow-ups from baseline phase for each participant,
whereby memories that were targeted with the intervention are marked with an asterisk (*)

Intrusions Baseline (A) Post- 1-month 3-month
intervention follow-up follow-up
(B)

P3  Memory 1 (A)* 14 11.2 6 3
Memory 2(B)* 8.8 6.4 2 10
Memory 3 (C) 6 0.3 0 0
Memory 4 (D) 1 0 0 0
Memory 6 (F) 3 0 0 0
Memory 7 (G) 1 0 0 0
Memory 8 (H) 3 0.1 0 0
Memory 9 () 0 0 0 0
Memory 10 (J) 2 0 0 0
Total 38.8 18.0 8 13
Total targeted(*) 22.8 17.6 8 13
Total non- 16 04 0 0
targeted
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P4 Memory 1 (A)* 8.6 3.9 1 0

Memory 2 (B) 1.1 0.8 0 0
Memory 3 (C) 1.1 0 0 0
Total 10.8 47 1 0
Total targeted*® 8.6 3.9 1 0
Total non- 2.2 0.8 0 0
targeted

P5  Memory 1 (A)* 10.6 6.5 0 2
Memory 2 (B)* 7 2.8 0 2
Memory 3 (C)* 2.6 4.2 0 4
Memory 4 (D)* 20 5.6 5 0
Memory 5 (E) 11.6 0.5 0 0
Memory 6 (F) 0 1 0 0
Total 33.7 20.7 5 8
Total non- 11.6 1.5 0 0
targeted

Note. Total intrusions does not equate to the sum of intrusions for each memory here, since
the length of baseline and intervention phases differ across each memory and the total. See
Data analysis for further details. Specific intrusive memories that were targeted with the
intervention are marked with an asterisk (*).

P3 reported an average of 38.8 intrusive memories per week (summed across ten
distinct memories) during baseline. This number decreased to 18.0 per week during
the intervention phase, representing a 54% reduction from baseline, the frequency
declined further to eight per week at the one-month follow-up (an 80% reduction) and
was 13 per week at the three-month follow-up (67% reduction from baseline). P4
reported 10.8 intrusions per week at baseline (across three memories), which
decreased to 4.7 per week during the intervention phase (a 57% reduction) and
further declined to one per week at the one-month follow-up (a 91% reduction). The
number of intrusive memories was zero per week at the three-month follow-up (100%
reduction). P5 reported 33.7 intrusive memories per week during baseline (across six
distinct memories), which decreased to 20.7 per week during the intervention phase
(a 39% reduction). This number continued to decline, reaching five intrusions per
week at the one-month follow-up (an 85% reduction from baseline) and P5 reported
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eight intrusive memories per week at the three-month follow-up (76% reduction from
baseline).

5.4.2 Change in the number of targeted intrusive memories relative to
non-targeted memories

Table 3 presents the number of targeted and non-targeted intrusive memories per
week across all study phases (baseline, post-intervention, one-month, and three-
month follow-ups). The mean number of targeted memories was 7.6 (SD 4.3) per
week during the baseline phase, which decreased to 5.8 (SD 2.7) per week during
the intervention phase. The mean number of non-targeted memories decreased from
2.5 (SD 3.3) per week during baseline to 0.2 (SD 0.4) per week during the intervention
phase. The number of targeted intrusions continued to decline at the one-month
follow-up, reaching a mean of 2.0 (SD 2.5) per week, while non-targeted memories
were reduced to zero. During the three-month follow-up, the mean frequency of
targeted intrusions was 3.0 (SD 3.4) per week, and non-targeted intrusions remained
at zero.

5.4.3 PTSD, depressive, anxiety symptoms and general functioning

Table 4 shows scores for secondary measures across phases for each participant.
There was a clear reduction in posttraumatic stress symptoms (PCL-5) from baseline
to post-intervention, with scores continuing to decline during follow-up for all three
participants who completed the intervention, indicating clinically meaningful
improvement (Wortman et al., 2016). Symptoms of depression (PHQ-9) and anxiety
(GAD-7) followed a similar pattern for two of the three participants (P3 and P5),
showing reductions both post-intervention and at follow-up. Functional impairment,
as assessed by the Sheehan Disability Scale, also decreased for the same two
participants from baseline to post-intervention and at the one-month follow-up,
although P3’s score showed an increase at the three-month follow-up. It should be
noted that P4’s scores on all these measures were low at baseline, limiting
measurable improvement (see Table 4).

Table 4. Self-report measures of secondary outcomes (post-traumatic stress, depressive,

anxiety symptoms and general functioning) and impact of intrusive memories on concentration,
sleep, stress and daily functioning for each participant.

ltem Baseline Post- 1-month  3-month
interview intervention follow-up  follow-up
P3 54 35 20 35
PCL-5? P4 26 14 6 11
P5 64 49 51 31
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P4 1 1 2 0

P5 7 3 3 3
Daily P3 7 5 2 5
functioningk

P4 0 0 0 0

P5 7 0 2 0

Note. @The Posttraumatic Stress Disorder Checklist; scores ranging from 0-80; PThe Patient
Health Questionnaire-9; scores ranging from 0-27; °The Generalized Anxiety Disorder scale;
scores ranging from 0-21; 9The Sheehan Disability Scale; scores ranging from 0 (unimpaired)
to 30 (highly impaired). ®In the past week, how much did your intrusive memories disrupt your
concentration? 0=not at all disruptive; 10=extremely disruptive; fIn the past week, how much
difficulty did you have concentrating generally? 0=no concentration at all; 10=extremely
accurately; SWhen you had an intrusive memory, how long did it disrupt your concentration (in
minutes), in the past week? 0(<1 min); 5(>60 min); "Did your intrusive memories interfere with
sleep during the night in the past week? O=not at all; O=interfered very much; ‘Did you
experience any nightmares that interfered with your sleep during the night in the past week?
0=did not experience any nightmares; 10=experienced a lot of nightmares; iIn the past week,
did your intrusive memories affect how stressed you felt? 0=not at all; 10=affected very much;
kHave the intrusive memories affected your ability to function in your daily life? 0=not at all;
10=affected very much.

5.4.4 Impact of intrusive memories on concentration, sleep, stress
and daily functioning

Ratings of the impact that intrusive memories had on concentration, stress, and sleep
are presented in Table 4. P5 reported improved concentration following intrusive
memories over the course of the intervention and follow-up periods. At baseline,
when P5 experienced an intrusive memory, her concentration was disrupted for an
average of 10-30 minutes; by the follow-up phase, this disruption had decreased to
one to five minutes. P3 reported a slight improvement in concentration specifically in
relation to intrusive memories, although her general concentration did not change.
Ratings of concentration disruption from intrusive memories were low at baseline for
P4 and remained stable post-intervention. The impact of intrusive memories on sleep
did not change for P3 or P4, whereas P5 showed some improvement. Nightmares
were reduced for both P3 and P5, while they were almost non-existent for P4. Stress
levels associated with intrusions decreased during the intervention and follow-up
periods for both P3 and P5.

The reported impact of intrusive memories on participants’ ability to function in daily
life showed improvement over the intervention and follow-up periods, except for P4,
who scored zero at baseline. At baseline, participants were asked to describe how
their intrusive memories affected their daily functioning. P3 stated: “When | have this
overwhelming feeling, I find it difficult to be around other people; the worst thing is
how it affects my ability to stay present for my daughters.” P4 said: “I have anger
inside me; | constantly think back to how no one noticed what was done to me.” P5
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reported: “I get very stressed and anxious; it takes a lot of energy to get out of the
emotion...”

During the final intervention session, P3 reported, “The intrusions disrupt my
concentration,” while P5 stated, “I experience distress and nightmares.” At the one-
month follow-up, P3 explained, “When | am under a lot of stress, they disturb me
more,” and P5 reported, “The images no longer have colour, cause less disruption,
and are less frequent.” At the three-month follow-up, P3 said, “/ am under a lot of
stress and dealing with a certain communication problem which triggers my PTSD
and the intrusions,” but added, “I can now comprehend that this is only a memory,
and | don't feel as distressed.” P5 stated, “They mostly impact my anxiety,” and
added, “I am not a person that easily believes in things, but this intervention works.”
For all phases following baseline, P4 consistently reported, “The memories have no
impact anymore.”

5.4.5 Feasibility and acceptability of using a computer game-play
intervention

Participants were asked to rate the likelihood that they would recommend the
intervention to a friend. P3 gave a rating of nine, and P5 rated it as eight, both
indicating that they were highly likely to recommend the intervention to others. In
contrast, P4 provided a rating of three, suggesting that she was unlikely to
recommend it. Participants were also asked to evaluate whether they considered
gameplay to be an acceptable approach to reducing intrusive memories. P3 and P5
each rated this item as eight, reflecting high acceptability, whereas P4 again rated it
as three, indicating low acceptability.

When asked to describe how they felt about playing Tetris following an intrusion,
participants provided varied responses. P3 explained, “It reduced the emotion,
sometimes | was able to concentrate and think my way through it. Sometimes |
experienced a kind of peace within.” P4 described a similar sense of cognitive
engagement, stating, “/ played so there was no room for other thoughts.” P5 noted,
“Sometimes it’s difficult to play for 25 minutes, but | played as many times as | could,
for 5 to 25 minutes.”

Participants were asked whether they found the intervention helpful. P3 reported,
“When | was able to plan while playing the game, my brain could not interrupt me.
The emotion that causes distress fades.” P4 stated, “Yes, | could not think about
anything else whilst playing,” and P5 described a noticeable somatic calming effect:
“I felt a physical calmness, like the pit in my stomach was shrinking.”

Participants self-administered the intervention during the intervention phase. P2 rated
Tetris gameplay usage after having an intrusive memory ranging from one to four, P4
ratings ranged from zero to seven and P5 rated her Tetris usage ranging from six to
eight. P5 used the intervention independently from the intervention phase to the one-
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month follow-up (rating six) and rated Tetris gameplay after an intrusive memory as

two at the three-month follow-up.
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Figure 7. Total number of intrusive memories per day for each participant across phases;
baseline, intervention, and follow-ups. Graphs for visual inspection of primary outcome data

for each participant (on the y axis as total number of intrusive memories per day, i.e., for all

distinct memories combined). Days since study start are shown on the x-axis, which includes

baseline (grey), intervention (white), and follow-up periods (light grey). Dashed vertical lines
show when each intervention session was administered, and which specific traumatic memory
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was targeted (each with different coulor dash line). Memories are labelled in order of when
they were targeted (e.g., ‘Memory A’ was targeted in the first intervention session). Dotted
vertical lines show the one-month and three-month follow-up periods. Gaps in the time series
represent missing data.

5.5.1 Change in the total number of intrusive memories

Figure 7 presents the total frequency of all intrusive memories for each participant
across all study phases (baseline, intervention, one-month, and three-month follow-
up). Each figure illustrates the number of intrusive memories reported during the
week following the baseline session (leading up to the first intervention), as well as
during the week following each subsequent intervention session.

Visual inspection for participant 1 (P1) shows that the total frequency of intrusive
memories decreased following the first intervention session and continued to decline
throughout the intervention phase. The frequency went down to zero at both follow-
up assessments. For participant 2 (P2), the frequency of intrusive memories
fluctuated during the intervention phase and increased again at follow-up. Participant
3 (P3) demonstrated a marked reduction in intrusion frequency after the first
intervention session, followed by an increase after the second session. The
frequency then declined again after the third session, rose slightly during the
remainder of the intervention phase, increased at the one-month follow-up, and
decreased once more by the three-month follow-up.

For participant 4 (P4), visual inspection indicates that intrusion frequency decreased
after the first intervention session and remained relatively stable, with minor
fluctuations throughout the intervention phase. This reduction was maintained at the
one-month follow-up. Participant 5 (P5) showed a decline in intrusion frequency after
the second intervention session, with continued reduction across the intervention
phase, although this improvement was not maintained at follow-up. Participant 7 (P7)
exhibited fluctuations in intrusion frequency until after the fifth intervention session,
at which point a clear reduction occurred and was sustained throughout the follow-
up period. For participant 9 (P9), the number of intrusive memories varied across
baseline and intervention phases but showed an overall reduction by the three-month
follow-up. Finally, for participant 10 (P10), the frequency decreased after the first
intervention session and continued to drop following the third session. By the fifth
intervention session she did not report any intrusive memories and reported zero
intrusions at both one-month and three-month follow-up.

Table 5. Mean number of intrusive memories and percentage reduction per week across all

phases; baseline, intervention, at the one-month, and the three-month follow-ups and total
targeted and non-targeted intrusions for each participant.

Baseline Intervention % 1- % 3. %

Intrusi
ntrusions A) (B) reduction reduction reduction

month month
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follow- follow-
up up
P1 Total 28.6 2.5 91.4% 0 100 0 100%
Total 28.6 25 0 0
targeted
Total non- - - - -
targeted
P2 Total 26.2 23.2 11.3% 44 -68.1% 26 -
Total 21.2 14.7 21 20
targeted
Total non- 5 8.6 23 6
targeted
P3 Total 171 10.1 41.0% 15 12.3% 10 41.5%
Total 13.6 8.5 2 10
targeted
Total non- 3.5 1.6 13 0
targeted
P4 Total 50.3 28.9 42.5% 19 62.2% - -
Total 47.3 27.8 19 - -
targeted
Total non- 3 1.1 0 - -
targeted
P5 Total 7.5 0.5 93.3% 5 33.3% 3 60.0%
Total 6.5 0.5 3 3
targeted
Total non- 1 0 2 0
targeted
P7 Total 32 24 1 24.8% 11 65.7% 9 71.9%
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Total 27 21.3 11 8
targeted

Totalnon- 5 2.8 0 1
targeted

P9 Total 9.6 9 6.3% 7 27.1% 4 58.3%

Total 9.6 9 7 4
targeted

Total non- - - - -
targeted

P10  Total 19.9 3.8 81.1% 0 100% 0 100%

Total 19.9 3.8 0 0
targeted

Total non- - - - -
targeted

The mean number of targeted and non-targeted intrusive memories per week across
the baseline, intervention, one-month, and three-month follow-up phases is
presented in Table 5. Overall, the number of intrusive memories decreased for all
participants from the baseline to the intervention phase. However, the reduction was
minimal for two participants (P2 and P9). The percentage reduction from baseline to
post-intervention ranged from 6.3% to 93.3%. For five of the eight participants, the
reduction was greater at the one-month follow-up than immediately post-intervention,
ranging from 27% to 100%. Similarly, for six of the eight participants, the percentage
reduction at the three-month follow-up exceeded that observed during the
intervention phase, with reductions ranging from 58.3% to 100%. P2 had an 68%
increase at one-month follow-up. She reported a similar number of intrusive
memories at the three-month follow-up as at baseline (26 intrusions per week), while
P5 reported a slight increase in intrusive memories at the three-month follow-up
(three intrusions per week) compared to the intervention phase (0.5 intrusions per
week).

5.5.2 Change in the number of targeted intrusive memories relative to
non-targeted memories

Table 5 displays the mean number of targeted and non-targeted intrusive memories
per week across all study phases (baseline, post-intervention, one-month and three-
month follow-ups). The mean number of individual targeted intrusive memories was
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8.95 per week during the baseline phase and decreased to 6.11 per week during the
intervention phase. The mean number of non-targeted intrusive memories was
relatively low compared to targeted ones, averaging 2.74 per week at baseline. The
number of non-targeted memories decreased minimally per week during the
intervention phase to 2.67. The mean number of targeted memories continued to
decrease at the one-month follow-up to 2.33 per week, while non-targeted memories
declined to 1.80 per week. By the three-month follow-up, the mean number of
targeted intrusive memories had further decreased to 1.67 per week, and non-
targeted memories were reduced to 0.33 per week.

5.5.3 Self-report measures on PTSD, depressive and anxiety
symptoms and general functioning

Participants completed questionnaires assessing PTSD, depression and anxiety
symptoms, and general functioning at baseline, after the final intervention session,
and at both follow-up points (see Table 6). Across the participant group, PTSD
symptoms, as measured by the PCL-5, decreased from a mean score of 47.6 at
baseline to 32.8 post-intervention. Scores continued to decline at follow-up, reaching
27.9 at one month and 27.0 at three months, indicating a sustained reduction in
posttraumatic stress symptoms. Depressive symptoms, as measured by the PHQ-9,
were reduced from a mean of 12.9 at baseline to 9.9 post-intervention, with slight
increases observed at follow-up (10.4 at one month and 10.3 at three months).
Anxiety symptoms, measured by the GAD-7, declined from a mean of 10.8 at
baseline to 6.6 post-intervention, remained stable at 6.4 at the one-month follow-up,
and increased to 7.7 at the three-month follow-up. Functional impairment, assessed
using the Sheehan Disability Scale, showed a clinically significant reduction from 18.3
at baseline to 10.4 post-intervention. This improvement continued at follow-up, with
mean scores of 9.6 at one month and 7.4 at three months, suggesting ongoing gains
in daily functioning related to the reduction of intrusive memories (see Table 6).

Table 6. Self-report measures for secondary outcomes and impact of intrusive memories on
concentration, sleep, stress, and daily functioning for all participants.

Baseline Post- 1-month 3-month
Item interview intervention follow-up follow-up

M (SD) M (SD) M (SD) M (SD)
PCL-52 47.6 (15.2) 32.8 (16.5) 27.9 (19.4) 27.0 (17.9)
PHQ-9° 12.9 (8.0) 9.9 (6.7) 10.4 (7.1) 10.3 (7.4)
GAD-7¢ 10.8 (4.5) 6.6 (4.8) 6.4 (4.8) 7.7 (5.4)
SDS¢ 18.3 (8.2) 10.4 (5.7) 9.6 (8.0) 7.4 (7.0)
Concentration® 5.9 (1.7) 2.5(2.2) 29(2.2) 2.6 (2.1)
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General

e oy 70 (1T) 4.4 (2.9) 4.5 (3.4) 4.4 (3.2)
Egixgg 23(1.2) 1.8(0.7) 1.4(0.7) 0.7 (0.5)
Sleep 4.8 (2.9) 1.5 (2.6) 1.9 (2.8) 13(2.2)
Nightmaresi 2.8 (3.6) 1.9 (2.9) 1.3 (2.6) 1.3 (2.4)
Stress/ 5.8 (2.4) 3.4 (2.5) 2.8 (2.3) 2.4 (1.9)
Daily 4.4 (3.2) 2.0 (1.9) 2.3(1.9) 2.1 (1.8)

functioningk

Note. @The Posttraumatic Stress Disorder Checklist; scores ranging from 0-80; PThe Patient
Health Questionnaire-9; scores ranging from 0-27; “The Generalized Anxiety Disorder scale;
scores ranging from 0-21; 9The Sheehan Disability Scale; scores ranging from 0 (unimpaired)
to 30 (highly impaired). ¢In the past week, how much did your intrusive memories disrupt your
concentration? 0=not at all disruptive; 10=extremely disruptive; fIn the past week, how much
difficulty did you have concentrating generally? 0=no concentration at all; 10=extremely
accurately; 9When you had an intrusive memory, how long did it disrupt your concentration (in
minutes), in the past week? 0(<1 min); 5(>60 min); "Did your intrusive memories interfere with
sleep during the night in the past week? O=not at all; O=interfered very much; ‘Did you
experience any nightmares that interfered with your sleep during the night in the past week?
0=did not experience any nightmares; 10=experienced a lot of nightmares; iln the past week,
did your intrusive memories affect how stressed you felt? 0=not at all; 10=affected very much;
kHave the intrusive memories affected your ability to function in your daily life? 0=not at all;
10=affected very much.

5.5.4 Impact of intrusive memories on concentration, sleep, stress,
and daily functioning

Table 6 also presents ratings of the impact of intrusive memories on concentration,
stress, sleep, and daily functioning across all study phases. Difficulties in
concentration related to intrusive memories decreased from baseline to post-
intervention and were maintained at follow-up. Ratings of overall concentration
showed a similar pattern. The estimated duration of concentration disruption following
an intrusion was reduced from 2.3 at baseline to 1.8 post-intervention, 1.4 at the one-
month follow-up, and 0.7 at the three-month follow-up. The impact of intrusive
memories on sleep decreased markedly, from 4.8 at baseline to 1.5 post-intervention,
with these improvements maintained throughout the follow-up phases. Participants
also reported a reduction in nightmares from baseline to post-intervention and further
improvement at follow-up. Stress levels associated with intrusive memories
decreased from 5.8 at baseline to 3.4 post-intervention, continuing to decline to 2.8
at the one-month follow-up and 2.4 at the three-month follow-up. The perceived
impact of intrusive memories on participants’ ability to function in daily life was
reduced from 4.4 at baseline to 2.0 post-intervention, with this improvement
sustained across both follow-up assessments.
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5.5.5 Feasibility and acceptability for using a gameplay intervention.

All participants rated the intervention as an acceptable method for reducing the
frequency of intrusive memories, with a mean rating of 9.5 (SD 0.8). Seven out of the
eight participants self-administered the intervention at home during the intervention
phase after having an intrusive memory (P1, P2, P4, P5, P7, P9 and P10). Four out
of eight participants continued to use Tetris gameplay from the intervention phase to
the follow-ups (P2, P4, P7 and P9).

6 Discussion

The overall aim of this doctoral research project was to investigate whether a brief
imagery competing task intervention, specifically after a memory reminder engaging
in Tetris gameplay with mental rotation for approximately 25 minutes, could reduce
the frequency of intrusive memories of trauma among Icelandic women. Three
studies were conducted to evaluate the intervention’s efficacy and feasibility.

The primary aim was to determine whether participants would report fewer intrusive
memories during the intervention phase compared to the preceding baseline phase.
Furthermore, whether the reduction would be maintained at one-month and three-
month follow-ups. It was also hypothesized that targeted intrusive memories would
decrease more than non-targeted ones. In addition, it was explored whether
reductions in intrusive memories would be associated with improvements in
functioning and reductions in symptoms of post-traumatic stress disorder (PTSD),
depression, and anxiety, as well as the feasibility and acceptability of the intervention.

6.1 Main results

The results were promising across all three studies. In study | (a single case) the
frequency of intrusive memories decreased by approximately 50% from baseline to
the intervention phase. The reduction in frequency of intrusive memories continued
to reduce to 76% at one-month follow-up and by 92% at the three-month follow-up.

In study Il, the first case series of three participants, the results were similar. P3 had
the number of intrusive memories reduced by 53% from baseline to the intervention
phase. The reduction was 80% during the one-month follow-up week compared to
baseline and 67% reduction at the three-month follow-up. For P4 the reduction from
baseline to the intervention phase was 56% and her number of intrusive memories
reduced by 91% at the one-month follow-up compared to baseline and the reduction
was 100% at the three-month follow-up. P5 had a 39% reduction from baseline to the
intervention phase. The number reduced to 85% at the one-month follow-up
compared to baseline and the reduction was 76% at the three-month follow-up.
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In study Ill, the second case series involving eight participants, the results were
replicated overall. The percentage reduction from baseline to the intervention phase
ranged from 6.3% to 93.3%, with a minimal reduction for two participants (P2 and
P9). The reduction was overall and continued from baseline to the one-month follow-
up for five out of eight participants, ranging from 27% to 100%. At the three-month
follow-up the number of intrusive memories continued to reduce even further for six
out of eight participants, reductions ranging from 58% to 100%. Two participants
reported zero intrusive memories at both the one-month and three-month follow-ups
(P1 and P10).

When comparing reductions in frequency between targeted and non-targeted
memories, the overall trend in our results was that the frequency of targeted
intrusions reduced more than the frequency of non-targeted ones. The number of
intrusive memories that were non-targeted tended to be lower than targeted ones at
baseline. In Study Il however, two participants (P3 and P5) had a considerably high
number of intrusive non-targeted memories at baseline which reduced in number
during the intervention phase.

When looking at the overall results of reductions in the mean number of intrusive
memories from baseline compared to intervention phase in Study Il we found the
following: The mean number of individual targeted memories was 7.6 memories per
week during the baseline phase and decreased to 5.8 memories per week during the
intervention phase. The mean number of non-targeted memories decreased from 2.5
memories per week during baseline to 0.2 memories per week during the intervention
phase. The number of targeted intrusions continued to decline at the one-month
follow-up, reaching a mean of two per week, while non-targeted memories were
reduced to zero. At the three-month follow-up, the mean frequency of targeted
intrusions was three memories per week, and non-targeted intrusions remained at
zero.

In Study Il the number of non-targeted memories was very low at baseline compared
to targeted ones, the highest number of non-targeted memories was five per week
for P2 and P5 compared to about 21 and 27 of targeted memories. The mean number
of individual targeted intrusive memories was 8.95 per week during the baseline
phase and decreased to 6.11 per week during the intervention phase. The mean
number of non-targeted memories was 2.74 per week at baseline. The nhumber of
non-targeted memories decreased minimally per week during the intervention phase
to 2.67 per week. The mean number of targeted memories continued to decrease at
the one-month follow-up to 2.33 memories per week, while non-targeted memories
decreased to 1.80 memories per week. At the three-month follow-up, the mean
frequency of targeted intrusive memories had further decreased to 1.67 per week,
and non-targeted memories were reduced to 0.33 per week.
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One possible explanation for the considerable reduction in the frequency of non-
targeted memories is that often both targeted and non-targeted memories were from
the same traumatic event and therefore may be interconnected. Furthermore,
targeted memories were often reported to be more distressing than non-targeted
memories, and may, therefore, require more time to be reduced in frequency. In fact,
we did, as described above, find a long-term effect for targeted memories. However,
non-specific factors, such as empathy and positive regard, cannot be ruled out. This
raises the need for randomized controlled trials with a credible control task to be able
to better examine the efficacy of the intervention over and above non-specific factors.

Across all three studies, the reduction in frequency of intrusive memories from
baseline to the intervention phase was consistent with the primary aim, results
followed the same trend as in other studies that investigated the effects of the
intervention for already established intrusive memories of trauma (Hardarson et al.,
2024; lyadurai et al., 2020; Kanstrup et al., 2020., Singh et al., 2021).

Findings from the present doctoral thesis align with theories of memory
reconsolidation (Nader et al., 2000; Dudai, 2004) and visuospatial interference
(Holmes et al.,, 2009, 2010). Reconsolidation theory proposes that when a
consolidated memory is reactivated, it temporarily becomes malleable and can be
modified before restored. Engaging in a demanding visuospatial task during this
reconsolidation window is thought to compete for working memory resources
required to restabilize the sensory-perceptual aspects of the traumatic memory
(Baddeley & Andrade, 2000; James et al., 2015). As a result, the intrusive sensory
and emotional memory can become less emotional and less vivid.

Interestingly, the reduction in frequency did not only remain stable at follow-up as we
expected but continued to reduce from the intervention phase to follow-up for most
participants. One possible explanation is the simplicity of the intervention, which
allows participants to self-administer it independently as needed. Majority of
participants (all in Study Il and seven out of eight in Study Ill) used the intervention
independently after having an intrusive memory during the intervention phase. Some
participants continued to self-administer the intervention from the intervention phase
to the follow-ups (P5 in Study Il and P2, P4, P7 and P9 in Study IlI).

6.2 Secondary outcomes

The secondary aim was to explore whether reductions in intrusive memories would
be associated with improvements in a broader sense, regarding PTSD, depressive
and anxiety symptoms, and improvements in functioning.

Overall, PTSD symptom severity decreased from baseline to post-intervention and
continued to decline at follow-ups. For most participants, continued decrease was
observed at follow-up periods. Participants reported reductions of depressive
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symptoms from baseline to post-intervention. In general, these reductions were
maintained to follow-ups (with some variability). Anxiety symptoms were also reduced
from baseline to post-intervention. Overall, reductions were maintained at follow-up
(some with minimal increase at the three-month follow-up). Improvements in
functioning were observed from baseline to post-intervention, which remained stable
longer term in most cases. Furthermore, most participants demonstrated
improvements across other symptoms and functioning measures. The extent of
symptom reductions varied and for a few participants the baseline symptom levels
were very low, making it harder to draw firm conclusions. In conclusion, the
intervention was associated with reductions in PTSD symptoms, and depressive and
anxiety symptoms, as well as improvements in daily functioning. These gains were
sustained to longer-term in most cases.

These results of secondary outcomes are in accordance with previous findings, about
half of participants in Kessler et al. (2018) reported reductions in symptoms of PTSD,
depression and anxiety. In a single case study by lyadurai et al. (2020), the patient
reported less PTSD symptoms and improvements in mood post intervention. In
Kanstrup et al. (2020) all four participants reported improved functioning. Participants
reported reductions in PTSD symptoms and improved functioning in Singh et al.
(2020) and PTSD, depressive and anxiety symptoms were reduced in Hardarson et
al. (2024), where participants also reported improved functioning.

These results also support network models of PTSD that put intrusive memories as
one of the core clinical features of PTSD. When intrusive memories are targeted, it
can have beneficial effects not only in reducing the frequency of the memories
themselves, but the impairment directly related to them, leading to improvement in
other symptoms in the symptom network overall (McNally, 2012; 2017).

Reduction in the frequency of intrusive memories was followed by reduction in other
PTSD symptoms such as hyperarousal, negative affect, and avoidance.
Improvements in concentration, sleep, and daily functioning further demonstrate that
reducing cognitive and emotional distress related to intrusive memories can
meaningfully enhance quality of life. This pattern supports the hypothesis that
targeting a single, tractable symptom may have positive effects on mental health
overall.

Conventional trauma-focused therapies have been found to be effective, such as
prolonged exposure and cognitive therapy (NICE, 2018; Lewis et al., 2020a). They
require, however, extensive training, making capable clinicians too few to be able to
deliver therapy for all those in need. They also involve factors that often limit
accessibility and contribute to dropout. This includes the need for people to discuss
their traumatic events in detail (Kantor et al., 2017; Najavits, 2015).
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The current intervention, in contrast, is brief, low-cost, and does not require the
patient to recall and talk about their traumatic experiences in detail. Moreover, the
intervention can be delivered by trained non-specialists, making delivery much
simpler. Training for trauma-focused therapies often entails workshops for two to
three days followed by supervision for approximately six months as well as a
requirement of having completed treatment for a certain number of patients. The
intervention is also scalable due to its simplicity and can be delivered in
geographically dispersed or low-resource settings.

High acceptability ratings across participants suggest that the intervention is a
feasible way to address intrusive memories. Participants described feeling
emotionally calmer, less distressed, and more in control while playing Tetris and
following the gameplay. The ability to self-administer the task after learning it in
session further enhances its practical utility. These findings mirror earlier research
demonstrating the feasibility of Tetris gameplay interventions among diverse
populations, including refugees (Holmes et al., 2017) and healthcare workers (Singh
et al., 2021). The broad scope of findings to date suggest that the intervention might
be a promising option for trauma-related intrusive memories across populations.

6.3 Remote and non-specialist delivery

A major methodological innovation was the transition to remote delivery in part in
study Il and to fully remote in study lll. The change from face-to-face delivery was
prompted by the COVID-19 pandemic. The University of Iceland was closed March
19t 2020, and forced researcher to switch to remote delivery of the intervention via
online communication during the data collection for study Il. This unexpectedly
revealed that face-to-face interaction is not essential for intervention efficacy, since
this arrangement did not influence the participants” reduction of the frequency of
intrusive memories nor other symptom reduction. This is consistent with subsequent
research showing similar outcomes for remotely delivered imagery-competing task
interventions (Hardarson et al., 2024; Singh et al., 2021).

In study Il we added to the scalability of the intervention by training bachelor’s degree
graduates and master level students in clinical psychology to use it. This did not affect
the results, indicating that the intervention could well be delivered by non-specialists.
The intervention could, therefore, be made accessible in settings with limited access
to empirically validated trauma therapy.

6.4 Limitations and future directions

Several limitations must be acknowledged. The very small sample size, divided
between three small studies, limits the generalizability of the findings. Furthermore,
the sample was homogenous, and therefore the findings cannot be generalized to
more culturally diverse populations. Future studies should therefore evaluate the
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intervention in larger and diverse samples to examine whether cultural, contextual,
or gender-related factors influence the efficacy or the acceptability of the intervention.

Future research should also explore optimization of the intervention. This could
include further investigation of fully digitalized monitoring of the frequency of intrusive
memories, as well as exploring whether fewer intervention sessions could yield
similar results. In addition, the feasibility and effectiveness of entirely self-guided use
of the intervention warrants further study. Such an approach could be supported by
structured psychoeducational materials explaining the underlying cognitive
mechanisms of intrusive memories and providing clear guidance on how to self-
administer the intervention. Initial work by Hardarson et al. (2024) has been
conducted to explore the feasibility of these adaptations and reported promising
findings. However, additional research with larger samples and controlled designs is
required to evaluate effectiveness of such adaptations.

A further limitation of the current research is the absence of a control condition.
Without a comparison group, it is not possible to determine to what extent observed
improvements can be attributed specifically to the active components of the
intervention. Future studies should, therefore, employ randomized controlled ftrial
designs incorporating credible control tasks to evaluate whether the gains could be
accounted for by non-specific factors, such as credibility of the intervention, attention
from a researcher or clinician, structured monitoring, repeated assessment and
therapeutic engagement.

7 Conclusions

This line of studies investigated whether a brief imagery competing task intervention,
Tetris gameplay with mental rotation following a memory reminder, could reduce
intrusive trauma memories, among Icelandic women after trauma. The results across
all three studies were promising, showing reductions in the frequency of intrusive
memories from baseline to the intervention phase. Furthermore, the frequency of
memories continued to reduce in frequency during the follow-up phase for most
participants. The drop in frequency was accompanied by improvements in symptoms
of PTSD, depressive and anxiety symptoms, and functioning.

The intervention was found to be acceptable and feasible, and it could be delivered
just as effectively remotely and by non-specialists. It is, therefore, a scalable, low-
barrier option for individuals who might otherwise not seek trauma treatment due to
cost or limited access.
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Further research, in particular randomized controlled trials and cross-cultural
replications, is needed to establish efficacy and generalizability. The present findings,
however, offer a significant step toward accessible, scalable, cost-effective and low-
burden interventions available to reduce the distress of individuals suffering from
intrusive trauma memories.
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Abstract

Background: Additional interventions are needed for survivors of psychological trauma because of several barriers to and
limitations of existing treatment options (eg, need to talk about the trauma in detail). Case studies are an important step in exploring
the development of novel interventions, allowing detailed examination of individual responses to treatment over time. Here, we
present a case study that aims to test a novel intervention designed to disrupt memory reconsolidation, taking a single-symptom
approach by focusing on intrusive memories of a traumatic event.

Objective: This study aims to examine a novel brief cognitive intervention to reduce the number of intrusive memories of
trauma in an Icelandic setting and to extend previous studies by examining long-term effects for up to 3 months. The intervention
was guided by a clinical psychologist and comprised a brief memory reminder, followed by Tetris gameplay with mental rotation,
targeting one memory at a time in each session.

Methods: This was a single case study in Iceland with a woman in her 50s (drawn from an epidemiological study of trauma)
with subthreshold posttraumatic stress disorder and a diagnosis of obsessive-compulsive disorder and social anxiety disorder.
The participant had four different intrusive memories from a traumatic event that happened in her childhood. The primary outcome
was the change in the number of intrusive memories from baseline to intervention phase and to follow-ups. The number of
intrusions was monitored in a daily diary for 4 weeks preintervention, 8 weeks during the intervention, and 1 week at 1-month
and 3-month follow-ups. Intrusions were targeted one by one over six intervention sessions, creating four repetitions of an AB
design (ie, length of baseline A and intervention phase B varied for each memory). We examined changes in both the total number
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of intrusions (summed across all four memories) and individually for each memory. In addition, we explored whether having
fewer intrusive memories would have an impact on functioning, posttraumatic stress, and depression or anxiety symptoms.
Results: The total number of intrusions per week was 12.6 at baseline, 6.1 at the intervention phase (52% reduction from
baseline), 3.0 at the I-month follow-up (76% reduction), and 1.0 at the 3-month follow-up (92% reduction). Reductions in the
symptoms of posttraumatic stress and depression were observed postintervention. Sleep, concentration, stress, and functioning
improved. The participant considered the gameplay intervention acceptable and helpful in that she found that the memories
disappeared while she was playing.

Conclusions: This guided brief cognitive intervention reduced the number of intrusive memories over the intervention phase
and follow-ups. The brief memory reminder was well tolerated, removing the need to discuss trauma in detail. The next steps

require an extension to more cases and exploring remote delivery of the intervention.

(JMIR Form Res 2021;5(11):e29873) doi: 10.2196/29873

KEYWORDS

psychological trauma; intrusive memories; case report; visuospatial interference task; Tetris gameplay; mental imagery; mobile

phone

Introduction

Background

Psychological trauma (eg, disasters, accidents, or interpersonal
violence) is experienced by most people at some point during
their lifetime [1,2]. Many individuals who have been exposed
to trauma (approximately 1 in 4) go on to develop posttraumatic
stress disorder (PTSD) [3,4]. The core clinical symptom of
PTSD is intrusive memories related to traumatic events [1,5].
Other symptoms of PTSD include avoidance of stimuli
associated with trauma, along with negative alterations in
cognition, mood, arousal, and reactivity [1]. Approximately
half of those diagnosed with PTSD do not spontaneously recover
within 40 months of diagnosis [6]. PTSD, even when
subthreshold, is associated with substantial distress, functional
impairment, and comorbidities [1,7]. Although many patients
respond well to current PTSD treatments, approximately
one-third of patients who enter psychological treatment for
PTSD still meet the diagnostic criteria for the disorder following
treatment [8].

Current evidence-based treatments for PTSD include
individualized trauma-focused cognitive behavioral therapy
interventions and eye movement desensitization and
reprocessing [3,8]. However, there are some limitations to
existing psychological treatment options for PTSD, including
the limited number of qualified therapists, geographic distances
to such clinical expertise (eg, in rural areas), high cost of
treatment, and stigma being a barrier to individuals seeking
treatment [9]. Dropout rates from PTSD treatment are high,
approximately 18% overall (ranging from 0%-48%}) in clinical
trials and are thought to be even higher in clinical practice
outside of clinical trials [10-12]. Furthermore, only a minority
of those who need PTSD treatment receive it [ 13]. The common
denominator in existing treatment options is a requirement for
patients to recall and talk about the traumatic experience in
detail, which many trauma survivors are reluctant to do [9].
Many therapists are also reluctant to deliver trauma-focused
therapies, such as prolonged exposure, because of fear of
exacerbation of symptoms or concerns with patient dropout
[12].
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Another barrier to treatment is the lack of service provision [9].
Iceland, for instance, is one of many countries that lack the
mental health services capacity to offer treatment to all trauma
survivors. New, briefer approaches that reach more people or
can be delivered to remote places in geographically dispersed
countries via the internet are needed [9]. Moreover, people who
do not meet the full diagnostic criteria for PTSD are typically
unable to access existing services, meaning that treatments for
trauma survivors with subthreshold but impairing symptoms
are needed.

Overall, these limitations and barriers create the need for
additional complementary approaches to current treatments.
One option that has been suggested is to focus on reducing one
single, tractable symptom (here, the core clinical symptom)
rather than a full diagnosis of PTSD [5,14]. Intrusive memories
(ie, criterion B1 as defined in the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition [DSM-5]) are
repeated and unwanted memories of scenes from a traumatic
event, and they are predominantly visual [15-17]. They can
evoke the same emotions experienced during the traumatic event
[16] and often have a sense of nowness, that is, as if they are
happening in the present rather than in the past [15]. Intrusive
memories can cause significant distress and interfere with
everyday functioning, making them an important target for
treatment [17].

A relatively simple and brief intervention to reduce the number
of intrusive memories after trauma has recently been developed,
building on principles from cognitive science [14,18,19]. It is
in line with calls to develop new therapeutic approaches for
PTSD, such as those that target memory reconsolidation [20].
The intervention comprised a brief memory reminder for a
specific intrusive memory of trauma, practice in mental rotation
(ie, actively playing the game by rotating the blocks in one's
mind; for further details, see Holmes et al [21], chapter 11),
followed by Tetris gameplay with mental rotation for 25
minutes, guided in person by a researcher.

Initial work toward clinical translation was for recent memories
of trauma [22-24]. For older, intrusive memories of trauma, the
effect has been explored using case study and case series
approaches [19,25,26]. Kessler et al [19] conducted a case series
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of inpatients (n=20) with complex PTSD and trauma memories
from childhood. The intervention comprised a memory reminder
(here, writing a brief description of the memory, then shredding
it) followed by Tetris gameplay with mental rotation for 25
minutes for one intrusive memory at a time. Memories (here,
many different memories) were targeted one by one, that is,
each intrusive memory in a different session, and memories
were tracked individually in a diary. The results showed that
targeting a specific intrusion was followed by a drop in the
frequency of that intrusion (some to zero). The frequency of
targeted intrusions reduced by 64% overall from baseline to
postintervention, whereas the frequency of nontargeted intrusive
memories reduced by 11%.

Kanstrup et al [25] adapted the intervention for a new target
group—people who were refugees (n=4) and used it to target
already established trauma memories such as of war. The
memory reminder used here was a brief list of intrusive
memories (ie, hotspot sheet) where participants were asked to
briefly describe in a few words the imagery content of their
intrusions, either by writing it themselves or by telling the
researcher what to write. The intervention was delivered in a
community setting, such as a library. All 4 participants showed
a decrease in the number of intrusive memories (again targeted
one by one) after the intervention and reported improved
functioning. For example, participant I had a decrease from 10
memories at baseline to 0 after the first intervention week, and
for participant 3, the 28 memories at baseline decreased to 14
after the first intervention week.

Study Design and Aims

Given the small-scale but promising results of this
single-symptom intervention approach for older memories of
trauma, we were interested in adapting it for women with a
trauma history in Iceland. Thus, in this case study (n=1), we
aim to investigate the effects of the intervention adapted to
Iceland for a woman from a population-based sample
experiencing intrusive memories of childhood trauma, delivered
with guidance from a clinical psychologist and seen in a
university research setting. Importantly, we aim to extend the
previous literature testing this intervention by including a
significantly longer follow-up period than previous studies (ie,
1 month and 3 months postintervention) to examine whether
effects are maintained in the long term.

When evaluating the efficacy of novel interventions and refining
intervention protocols, single-case designs are a crucial step
[27,28], giving researchers the chance to examine individual
variability over time [29]. The N-of-1 trials are also gaining
popularity as modern medicine moves toward individualized
patient-centered care [30]. Typically, a replication of AB
(ABAB) is considered necessary to establish intervention effects
[27]. However, Kanstrup et al [25] argued that a classic ABAB
design was not optimal for evaluating this specific intervention
as, unexpectedly, the etfects lasted after one intervention session
and did not rebound (ie, could not be reduced again, as assumed
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by a classic ABAB). Kanstrup et al [25] instead recommended
a within-person multiple baseline AB design, as in the study by
Kessler et al [19]. In this approach, if a person has more than
one different intrusive memory, then each specific intrusive
memory is targeted one at a time, with separate intervention
sessions allowing focused assessment of the effect of each
intervention on each memory over time. This is the design
adopted in this study. However, to avoid confusion with other
case series designs (such as those with multiple randomized
baselines), we refer to this design as a repeated AB design.

We predict that our participant (here with four different intrusive
memories of trauma) would report fewer intrusive memories
(primary outcome) during the intervention phase than in the
preceding baseline phase and that the reduction in the number
of intrusions would be maintained at the 1-month and 3-month
follow-ups. We also aim to explore whether having fewer
intrusive memories would be associated with improvements in
general functioning and reductions in symptoms of PTSD,
depression, and anxiety (secondary outcomes). In addition, we
aim to explore the feasibility and acceptability of the
intervention (similar to Holmes et al [31]).

Methods

Participants

Women who took part in a substudy of the
stress-and-gene-analysis (SAGA) cohort study were screened
for eligibility. The SAGA cohort study is a population-based
longitudinal cohort study of Icelandic women who completed
an extensive questionnaire on trauma history and mental health
(baseline data collection finished on July 1, 2019). The substudy
(the Social Trauma Project) involves comparing two samples
of women from the SAGA cohort study with either likely PTSD
(ie, having a score on the PTSD Checklist-5 [PCL-5; see the
Measures section] of 233) or not likely PTSD (ie, scores in the
lowest one-fifth on the PCL-5), using clinical interviews. When
taking part in the substudy, two semistructured interviews were
administered (ie, the Mini International Neuropsychiatric
Interview [MINI], also used to assess the exclusion criteria for
this study, and the Clinician Administered PTSD Scale [CAPS];
see the Measures section). When taking part in the substudy,
women were screened for the presence of intrusive memories
of trauma. The screening included a short description of the
symptom, followed by questions about the presence of the
symptom to assess their eligibility for this study. A total of 4
women from the substudy who provided consent to be contacted
regarding additional research were assessed for inclusion in this
case study. A total of 3 women did not meet the inclusion criteria
(CONSORT [Consolidated Standards of Reporting Trials]
diagram in Figure 1). The included participant was a woman in
her 50s who had four different intrusive memories from a single
traumatic event involving physical violence in childhood (ie,
occurring around four decades previously).
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Figure 1. Adapted Consolidated Standards of Reporting Trials participant flow diagram for this study. SAGA: Stress and Gene Analysis.
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| Completed 3-month follow-up |

individually

Analyzed: For all 4 intrusive memories
combined (total), then for the 4 repetitions,
ie., the impact of the intervention applied
on each of the 4 different memories

The inclusion criteria were as follows: (1) having experienced
criterion A trauma as defined by DSM-5 [6]; (2) having at least
one intrusive memory that occurs at least three times per week
for the last 4 weeks; (3) being able and willing to attend three
to eight sessions with the researcher; (4) being able and willing
to monitor intrusive memories in daily life; (5) having access
to a smartphone; and (6) being able to speak Icelandic and read
study materials in Icelandic. Exclusion criteria were as follows:
(1) current psychotic disorder; (2) current manic episode; and
(3) being acutely suicidal. Exclusion criteria were assessed with
the MINL

The participant reported clinically significant past-month PTSD
symptoms from physical violence experienced in childhood,
with a total symptom severity score of 22 of 80 on the CAPS
and missing one symptom in the E cluster to meet full diagnostic
criteria (had five symptoms in cluster B, two in cluster C, three
in cluster D, and one in cluster E). This assessment took place
2 months before participation in this study as part of the
substudy of the SAGA cohort using the CAPS (see the Measures
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section). The participant also met criteria for social anxiety
disorder and obsessive-compulsive disorder according to the
MINI diagnostic interview (see the Measures section). The
participant received psychological treatment in the past for
problems related to work but had never received trauma-related
psychological treatment. She reported not taking any
psychotropic medication in the 3 months before taking part.

Design

This single case study took a specific single-symptom probe
approach, whereby each of the four intrusive memories was
targeted one at a time in different sessions [19]. Critical to this
approach, the participant distinguishes the content of their
different intrusive memories (here, for four intrusions, eg, (1)
red curtain, (2) man’s face, (3) blood on floor, and (4) closed
door; these examples are fictitious to protect anonymity) and
tracks the frequency of each intrusion over time. We describe
this design here as a repeated AB design, wherein the length of
baseline (A, preintervention; monitoring only) and intervention
(B) phases varied across each of the four intrusive memories,
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depending on when each memory was targeted. The baseline
phases for each individual memory are used as control periods
to compare their numbers before and after being targeted by the
intervention.

The number of each intrusive memory was monitored in a daily
diary for 4 weeks preintervention, over 8 weeks of the
intervention, and then for 1 week at the 1-month and 3-month
follow-ups, that is, the participant monitored the occurrence of
her intrusive memories in a daily diary before each intervention
session to establish a baseline level of intrusion. This baseline
phase was intended to be 1 week; however, the diary was kept
for 4 weeks, as the participant was not able to meet with the
researcher when planned. The intervention phase lasted 8 weeks
rather than 6 weeks, as planned for the same reason. However,
the participant did monitor the frequency of her intrusive
memories in these extended periods, and we included all the
data in the analyses. The daily diary was kept again for 1 week
at the 1-month and 3-month follow-ups.

The participant’s four different intrusive memories were targeted
one by one over six intervention sessions guided by a clinical
psychologist who specialized in trauma-focused cognitive
behavioral therapy. The design thus involved four repetitions
of an AB design. In addition to the six guided sessions, the
participant could also self-administer the intervention at any
time after the first session if she so chose for memories already
targeted in the session. The primary outcome was the change
in the number of intrusive memories from baseline to the
intervention phase and to long-term follow-ups (1 and 3
months). The participant also completed self-report measures
for PTSD, depression and anxiety symptoms, and functional
impairment at baseline, the last intervention session, and the
1-month and 3-month follow-ups.

Procedure

Training

To promote adequate intervention delivery and protocol
adherence, the researcher delivering the intervention (JPH, a
licensed clinical psychologist and specialist in trauma therapy)
received training and clinical supervision from experienced
researchers or clinical psychologists who had expertise in
delivering the novel intervention (EAH and MK). Training
included two in vivo workshops for 3 days and then
approximately 6 months later for 2 days. Workshops covered
theoretical and practical aspects of intervention delivery and
included role-plays with trainers until adequate performance
was reached. Training also included how to explain and capture
the primary outcome measure (intrusive memory diary). During
data collection, the researcher received continued supervision,
adherence checks, and support regarding any adaptations
necessary from a clinical supervisor via telephone after sessions
with the participant and weekly supervision meetings. The
researcher also participated in remote group training meetings
twice a month with other researchers using the intervention.

Baseline Session

In the first session, the participant answered baseline
questionnaires (relating to secondary outcomes), and the
researcher explained what intrusive memories are (ie, memories
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that include sensory impressions such as sight and sound: are
predominantly visual in form, similar to pictures or a film clip
in the mind’s eye; and are distressing and occur involuntarily).
The participant identified her different intrusive memories by
briefly describing them to the researcher using only a few words
to indicate their visual content; the researcher wrote the
description on a hotspots sheet that was clearly visible to the
participant. The participant did not talk about the trauma with
the researcher or about the intrusive memories in detail. The
participant labeled each of her intrusive memories with a symbol
(ie, first memory labeled A and second memory labeled B) and
was instructed on how to monitor the daily frequency of them
in a diary (primary outcome measure). When indicating
experiencing a memory, the participant noted the symbol
corresponding to that specific memory in a specific time frame
of that day. Each diary included 7 days and four periods each
day (see the Measures section).

Intervention Sessions

In each of the intervention sessions (six sessions), the participant
selected one memory at a time to target that week and completed
the intervention procedure, guided by the clinical psychologist.
The intrusion selected first can be the one that is most
troublesome or frequent or one for any other reason the
participant wishes to try reducing first. The intervention
consisted of a brief memory reminder (ie, briefly thinking about
the intrusive memory to bring the image to mind without it
becoming emotionally overwhelming; this approach is different
from the memory reminder used by Kessler et al [19]). After
the memory reminder, the participant was trained in mental
rotation, followed by Tetris gameplay for 25 minutes with an
emphasis on mental rotation (see Holmes et al [21], chapter 11).
The Tetris gameplay was delivered with the videogame Tetris
DS in the Nintendo DS, set to marathon mode and ghost piece
off, on a 10.1-inch screen. Between sessions, the participant
was invited to self-administer the intervention using a Tetris
app [32] on her smartphone, that is, to repeat the intervention
for already targeted intrusions (instructed to play in the same
way as in session when the intrusion came to mind
involuntarily). Only one intrusion was targeted per session;
when the next intrusion was targeted, the participant again (not
the therapist) selected the memory to target. At the start of the
last intervention session, the participant also completed the
secondary outcome measures.

Follow-up

At the 1-month and 3-month follow-ups, the participant recorded
the number of intrusions in the diary daily for 1 week and
completed secondary outcomes. All data were recorded on a
laptop computer using the REDCap (Research Electronic Data
Capture) database, an encrypted electronic software, and stored
on secure servers [33]. At the 1-month follow-up, the participant
was in quarantine because of the COVID-19 pandemic, and
thus, all follow-up measures were administered remotely through
the REDCap platform; see the Procedure section.
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Measures

Eligibility Assessments (Part of the SAGA Cohort
Substudy)

The CAPS-5 is a 30-item semistructured interview used to assess
symptoms of PTSD from physical violence in childhood and
symptom severity in the past month, according to the DSM-5
[1]. Each item is scored on a 5-point Likert scale (O=mild or
subthreshold; 4=extreme or incapacitating) with a threshold
symptom rating of 2 (ie, moderate) for a possible diagnosis.
Frequency and intensity of each symptom were assessed and
rated separately. The CAPS-5 has excellent internal consistency
(Cronbach 0=.88) and test-retest reliability (0.83), along with
good convergent validity (0.83 [34]), making it a useful tool
for diagnosing PTSD.

The MINI is a structured diagnostic interview that assesses axis
1 psychiatric disorders according to the DSM-4. The MINI has
been shown to have good sensitivity and specificity for most
diagnoses [35]. Interrater and test-retest reliability has been
shown to be good, with kappa values in the high to very high
range (x=0.79-1.00 [36]).

Primary Outcome Measure

The intrusive memory diary was adapted from previous studies
[22,25]. Each diary included a daily pen-and-paper record of
four timeframes per day (morning, afternoon, evening, and
night) for 7 days. Instructions on how to use the diary included
a definition of intrusive memories of trauma as mental images
(in the form of pictures or a film clip in the mind’s eye) that are
distressing and occur involuntarily. The participant was
instructed not to record voluntary thoughts or verbal thoughts
about the trauma without sensory content. The participant
monitored the occurrence of her intrusive memories in a daily
diary for 4 weeks before any intervention sessions, for 8 weeks
while intervention sessions were administered, and again for 1
week at the 1-month and 3-month follow-ups. Throughout this,
the participant noted which of the four different memories each
intrusion was, allowing us to examine changes in each memory
individually. The primary outcome was the change in the
number of intrusive memories from baseline to the intervention
phase and to long-term follow-ups (1- and 3-month follow-ups).

Secondary Qutcome Measures

PTSD symptoms were assessed with the PCL-5, a 20-item
self-report scale used to assess the severity of PTSD symptoms
in the past month from physical violence in childhood,
corresponding to the DSM-5 criteria for PTSD [34]. Each
symptom is rated on a 4-point Likert scale (O=not at all;
4=extremely). The PCL-5 has strong internal and test-retest
reliability, with good convergent and discriminant validity [37].
The Icelandic translation of the PCL-5 had excellent internal
consistency in the SAGA cohort study (0=.95). Assessment of
clinical significance is not yet clear for the PCL-5; however, a
score of 33 is likely to correspond to a DSM-5 PTSD diagnosis,
and a score of <24 posttreatment is likely to represent clinically
significant change [38].

Depression symptoms were assessed with the Patient Health
Questionnaire-9 (PHQ-9), a nine-item self-report measure of

https://formative jmir.org/2021/11/¢29873

XSL-FO

RenderX

68

Thorarinsdottir et al

depressive symptoms and their severity in the prior 2 weeks
[39]. Each item is rated on a 4-point Likert scale (O=not at all;
3=nearly every day). The PHQ-9 has excellent internal reliability
(Cronbach o ranging from .86 to .89) and good test-retest
reliability (r=0.84 [39]). The Icelandic version had good internal
consistency in the SAGA cohort study (0=.89). A five-point
change in the PHQ-9 score is considered clinically significant
[40].

Anxiety symptoms were assessed with the Generalized Anxiety
Disorder-7 (GAD-7) scale, a brief self-report questionnaire used
as a screening tool for GAD symptoms and their severity in the
prior 2 weeks [41]. Each item is rated on a 4-point Likert scale
(O=not at all; 3=nearly every day). The GAD-7 has excellent
internal consistency (Cronbach a=.92) and good test-retest
reliability (r=0.83 [41]). The GAD-7 has been reported to be
useful in screening for anxiety disorders in general [42]. The
Icelandic version had good internal consistency in the SAGA
cohort study (0=.90). A four-point change in the total score is
considered clinically significant on the GAD-7 [43].

Functional impairment was assessed with the Sheehan Disability
Scale (SDS), a self-report measure designed to assess functional
impairment in the prior week across three domains: (1) work
or school, (2) social, and (3) family life [44]. These domains
are measured on an 1 1-point scale (O=not at all; 10=extremely).
The scale was adjusted to assess functional impairment
associated with intrusive memories. This scale has been shown
to have good psychometric properties [44]. A three-point change
in the SDS score has been used as a measure of treatment
response [45]. The Icelandic version has good internal
consistency in clinical groups (0=.70-.84 [46]).

Self-guided adherence to the use of the gameplay intervention
in daily life was assessed with a question regarding how often
Tetris was played after experiencing an intrusive memory
(11-point scale; O=not at all; 10=every time).

Feasibility and acceptability rating for using the smartphone
gameplay intervention was assessed with two self-rated items:
whether the participant would recommend the intervention to
a friend and whether she thought gameplay was an acceptable
way to reduce intrusive memories. Scores could range from 0
to 10, with higher scores indicating greater acceptability or
feasibility. Two open-ended questions were also asked: “How
did you feel about playing Tetris after you had an intrusive
memory?” and “Did you find the intervention helpful? If yes,
how?”

The impact of intrusive memories on concentration, sleep, and
stress was assessed with six self-rated items about the past week:
two items assessing concentration difficulties in general and
because of intrusive memories (11-point scale; high scores
indicating more difficulties); one item assessing duration of
disruption after experiencing intrusive memories (five response
options ranging from <1 minute to >60 minutes); two items
assessing sleep disturbances because of intrusive memories
(sleep in general and nightmares; 11-point scale; higher scores
indicating more sleep disturbance); and one item assessing the
degree to which intrusive memories affected stress levels (O=not
at all; 10=affected very much).
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Ratings of the general impact of intrusive memories were
obtained with two items: one assessing distress caused by
intrusive memories and the other assessing how vivid they were
in the past week, both rated on an 11-point scale (O=not at all;
10=very distressing or vivid).

Intrusion diary adherence was assessed with one item addressing
the accuracy of filling out the diary (O=not at all; 10=very
accurately).

The impact of intrusive memories on daily functioning was
assessed with two items. One question was open-ended: “How
have the intrusive memories affected your ability to function
in your daily life in the past week?” The other question was
self-rated: “Have the intrusive memories affected your ability
to function in your daily life?”” (11-point scale, a higher score
indicating a greater impact on functioning).

Data Analysis

Changes in the Total Number of Intrusive Memories

The primary outcome was change in the number of intrusive
memories from baseline to the intervention phase and to
long-term follow-ups (I month and 3 months). We first
examined the primary outcome in terms of the fotal number of
intrusions (before examining separately for each memory). For
this, we summed the number of all intrusions occurring across
the 4-week baseline period, then across the 8-week intervention
period, and then at each of the 1- and 3-month follow-ups. Given
that these periods differed in duration, we calculated the total
number of intrusions per week to generate a measure that was
comparable across periods. Missing data were dealt with by
excluding these time points from calculations. For example, the
baseline period was 29 days, but data were present for 22.25
days; thus, the total number of intrusions per week was
calculated as 40 intrusions/22.25 days x 7=12.6 intrusions per
week at baseline.

To examine changes over time, we calculated the percentage
reduction in total intrusions per week from baseline to the other
periods. For example, as there were 6.1 intrusions per week in
the intervention phase, this was calculated as (1-[6.1/12.6]) x
100=52% reduction in the intervention phase compared with
baseline.

Change in the Number of Each of the Four Specific
Intrusive Memories

Next, we examined the data per intrusive memory. Here, each
intrusion acts as its own control, that is, the specific baseline
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phase for each individual memory is used as a control period
to compare its number before and after being targeted by the
intervention. There is a different baseline (4) and intervention
(B) phase per memory, depending on which session it was
targeted. The percentage reduction in each intrusion after being
targeted was calculated as 1-(mean number per week during
intervention phase/mean number per week during baseline) x
100. Percentage reductions were then calculated in the same
way for the 1- and 3-month follow-ups compared with baseline.

Other Symptoms and Functioning

We also used a descriptive approach to investigate whether there
were clinically significant changes over time in the overall
symptoms of PTSD, depression, anxiety, and functional
impairment.

Ethics Statement

The study was approved by the National Bioethics Committee
of Iceland (Number VSNb2017110046/03.01). The participant
provided written and informed consent. All sessions followed
a written protocol. No adverse events were reported by the
participant.

Open Science Statement

This single case study was not preregistered but precedes and
is similar to the design and procedures of a case series (n=5)
that we later registered on ClinicalTrials.gov (NCT(04209283)
on December 4, 2019. All anonymized summary-level data are
reported in this manuscript. Study materials may be made
available upon reasonable request with an appropriate materials
transfer agreement with University of Iceland. It should be noted
that the delivery of this intervention requires extensive training
and supervision (see the Procedure: Training section).

Results

Overview

The participant had four different intrusive memories that were
all predominantly visual and tracked each intrusion over time.
All her intrusive memories were from a single traumatic event
that took place roughly four decades before participation. All
four intrusive memories were targeted with the intervention at
different time points during the intervention phase (Figure 2).
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Figure 2. Graph for visual inspection of primary outcome data (total number of intrusive memories) on the y-axis as total per day. Days since enrollment
is shown on the x axis, which includes baseline (gray), intervention (white), and follow-up periods (light gray). Dashed colored vertical lines show when
each intervention session was administered and which specific memory (memories A, B, C, or D) was targeted (eg, session 1; memory A in green).
Memories are labeled in the order of when they were targeted (eg, memory A was targeted in the first intervention session). Solid black vertical lines
show the 1-month and 3-month follow-ups. Gaps in the time series in the baseline and intervention periods reflect the missing data (for cach specific
intrusive memory data, see Figure 3).

1, 1 |} )
—eTotal (all memories) i £ £ ] £ % : 3
5 5 5 5 g
=] 1= 3 =] (=]
4 it bt 2 22
g & i & i
z 3 2 3 2 3 : i
2 2 2 e 2 2
2, > = 0 > P
H 1 1 I 1 ]
e 1 1 1 1 |
o ! 1 ] 1 |}
g 1 1 1 1 |
E, i i i H i
g | 1 I 1 1
g ' H ' H i
& ' ] 1, 1 '
£ { J J 1 ' i i
! ] 1 ]
1 i ' H '
1 1 1 1 ]
) 1 1 1 1
1 1 1 L [
1 |
0 1 ]

LU G QR SRR S, C R o

was completed successfully for 82% (81/99 days) of the study
period.

One memory (memory A) was targeted three times (reported
as the most distressing and frequent by the participant), and the
other memories were targeted once. The participant readily
understood the instructions given and successfully completed
the intervention sessions and procedures. Intrusive memory
diary data were missing for days 8-12 and 21-22 during the
baseline phase and for days 40-41, day 49, days 57-63, and day
71 during the intervention phase; the diary was fully completed
at follow-ups. Most missing diary data were because of extra
days passing in between sessions, that is, when the participant
had completed their current diary (covering a period of only 1
week) but had not received their next diary. No attempt was
made to retrieve data for the missing days. In total, the diary

Primary Outcome

Change in the Total Number of Intrusive Memories

Across the 4-week baseline period, the total number of intrusions
was relatively stable and approximately 12.6 per week (summed
across all four memories). This number reduced to 6.1 per week
across the 8-week intervention phase (52% reduction from
baseline), to 3.0 per week at 1-month follow-up (76% reduction),
and to 1.0 per week at the 3-month follow-up (92% reduction;
Table 1).

Table 1. Number of intrusive memories per week at baseline, intervention, l-month follow-up, and 3-menth follow-up, and relative reduction (in
percentage) from baseline for total intrusions and for each memory separately (n=1).

Intrusions Bascline (A; Intervention (B; Reduction (%)  1-month follow-up Reduction (%)  3-month fol- Reduction (%)
number per number per week) (number per week) low-up (number
week) per week)

Total® 126 6.10 52 30 76 1.0 2

Memory A 3.8 2.0 46 1.0 74 1.0 74

Memory B 3.6 0.5 86 0 100 0 100

Memory C 24 1.0 59 1.0 59 0 100

Memory D 14 1.0 26 1.0 28 0 100

“Total intrusions are not equal to the sum of the intrusions for each memory. This is because the length of the baseline and intervention phases differ
across memory and the total. See the Data Analysis section for more details on how these numbers were calculated.

Figure 2 displays the total number of intrusive memories per The number of intrusive memories remained relatively stable

day (summed across all four intrusive memories) throughout
all phases. Visual inspection indicated that after the second
intervention session, the total number of intrusions reduced.
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between sessions 2 (day 43) and 5 (day 73) when a further drop
in frequency was evident, maintained at the 1-month follow-up,
and then continued to drop further at the 3-month follow-up.
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Change in the Number of Each of the Four Specific per week after being targeted, that is, reductions of 46%, 86%.,
Intrusive Memories 58%, and 26% for memory A, B, C, and D, respectively, from
their specific baselines to intervention periods. Three of the four
intrusions were eliminated completely at the 3-month follow-up
(Table 1).

Figure 3 displays the frequency of each intrusive memory during
all phases (baseline, intervention, and 1-month and 3-month
follow-ups). All four intrusive memories dropped in number

Figure 3. Graph for visual inspection of the number of intrusive memories (on the y-axis as number per day) for cach of the four specific intrusive
memories reported by the participant (memories A, B, C, and D). Days since enrollment is shown on the x-axis, which includes baseline (gray),
intervention (white), and follow-up periods (light gray). Different baseline and intervention lengths for each memory reflect that this is a repeated AB
design. Dashed colored vertical lines show when cach intervention session was administered and which specific memory was targeted (eg, session 1:
memory A in green). Memories are labeled in the order of when they were targeted (eg, memory A was largeted in the first intervention session). Solid
black vertical lines show the 1-month and 3-month follow-ups. Gaps in the time series in the baseline and intervention periods reflect missing data.
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Memory A was targeted in intervention sessions 1, 2, and 5 at
the participant’s request. Visual inspection of Figure 3 shows
adrop in frequency in the week after intervention session 1 and
a further decrease in the week after session 2. The reduction
appears to be stable at the 1-month and 3-month follow-up.
However, there appears to be an increase in frequency between
days 65 and 73, which resulted in that intrusion being targeted
again. In session 5, the participant disclosed that she had come
across a person who was present during the traumatic experience
(ie, seeing the person triggered that memory).

Memory B was targeted in session 3, and a drop in frequency
was evident in the subsequent week, which was maintained
throughout the follow-ups. A drop in frequency for memory C
was shown in the week after intervention session 1 (memory A
targeted), and the frequency reduction remained stable at
follow-up. Less changes in frequency were visible for memory

Thorarinsdottir et al

D throughout the intervention phase (targeted in intervention
session 6), whereas there was a reduction in frequency at the
3-month follow-up.

Secondary Outcomes

Ratings of Adherence and General Impact of Intrusive
Memories

Table 2 shows that the participant rated her intrusions in general
as becoming less vivid and distressing over the intervention and
follow-up phases. Ratings of self-guided adherence to Tetris
gameplay between sessions are also shown in Table 2, indicating
that it was most used during the intervention period, and
self-reported accuracy for completing the intrusive memory
diary was high throughout the study period (mean 8.25, SD
0.5).

Table 2. Ratings of adherence (o intrusive memory diary and general impact of intrusive memories (n=1).

Ttem Session I~ Session2  Session3  Session4  Session5  Session6  l-month follow-up 3-month follow-up
Diary m:curzlcya 8 9 8 9 8 9 7 8
Intrusions vividness® 7 8 6 9 8 6 4 3
Intrusions distress® 6 6 4 8 5 4 3 1
Tetris gameplay! N/A® 4 10 5 2 4 1 0

“How accurately did you fill out the diary? O=not at all; 10=very accurately.

bDuring the last week, how vivid were your intrusive memories? O=not at all; 10=very vivid.

“During the last week, how distressing were your intrusive memories? O=not at all; 10=very distressing.

IHow often did you manage to play Tetris after you experienced an intrusive memory? O=never; 10=every time.

€N/A: not applicable.

Feasibility and Acceptability for Using a Smartphone
Gameplay Intervention

The participant rated whether she would recommend the
intervention to a friend as 10/10 (meaning she would certainly
recommend it). She also rated whether she considered gameplay
to be an acceptable way to reduce intrusive memories as 10/10
(very acceptable). When asked how she felt about playing Tetris
after she had an intrusive memory, she reported the intervention
to be “very good,” and when asked if she found the intervention
helpful, she said, “Yes, I forgot time and place and the memory
went away immediately.”

Self-report Measures on PTSD, Depression and Anxiety
Symptoms, and General Functioning

Initial high levels of PTSD symptoms (a PCL-5 score of 51)
were reduced by over half at postintervention, and the reduction
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was clearly clinically significant at the 3-month follow-up, with
ascore of only 6 [38]. Depression symptoms were reduced from
moderate levels (PHQ-9; 10-14) at baseline to mild (5-9)
postintervention, indicating a clinically significant change [40].
Depression symptoms were further reduced to minimal (0-4)
at the 3-month follow-up. At baseline, the participant reported
mild levels of anxiety (GAD-7; 5-10) and did not report a
clinically significant change in symptoms until the 3-month
follow-up, when her symptoms were reduced to little or no
anxiety (GAD-7; 0-4) [43]. Functional impairment (as measured
by the SDS) improved clinically significantly in the follow-up
period [45]. The score was 15 at baseline and reduced to zero
at the 3-month follow-up (Table 3).
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Table 3. Self-report measures for secondary outcomes (postiraumatic stress disorder, depression and anxiety symptoms, and general functioning) and
impact of intrusive memories on concentration, sleep, stress, and daily functioning (n=1).

Item Baseline interview Postintervention 1-month follow-up 3-month follow-up
PCL-5* 51 35 30 6
PHQ-9° 13 7 8 2
GAD-7° 9 7 7 2
sps¢ 15 15 5 0
Concentration® 5 3 3 1
General concentration” 7 3 5 3
Duration of disruption® 4 2 2 1
Sleeph 5 3 2 0
Nightmares' 4 6 2 0
Stress! 5 3 3 1
5 1 3 0

Daily functionin, gk

4PCL-5: Posttraumatic Stress Disorder Checklist; scores ranging from 0 to 80.

hPHQ—9: Patient Health Questionnaire-9; scores ranging from 0 to 27.

“GAD-7: Generalized Anxiety Disorder scale-7; scores ranging from 0 to 21.

9SDS: Sheehan Disability Scale; scores ranging from 0 (unimpaired) to 30 (highly impaired).

©In the past week, how much did your intrusive memories disrupt your concentration? O=not at all disruptive; 10=extremely disruptive.

Tn the past week, how much difficulty did you have concentrating generally? O=no concentration difficulty at all; 10=extreme concentration difficulty.

£When you had an intrusive memory, how long did it disrupt your concentration (in minutes) in the past week? 0 (<1 minutes) to 5 (>60 minutes).

Did your intrusive memories interfere with sleep during the night in the past week? O=not at all; O=interfered very much.

Did you experience any nightmares that interfered with your sleep during the night in the past week? O=did not experience any nightmares; 10=experienced

many nightmares.

IIn the past week, did your intrusive memories affect how stressed you felt? O=not at all; 10=affected very much.

¥Have the intrusive memories affected your ability to function in your daily life? O=not at all; 10=very much affected.

Impact of Intrusive Memories on Concentration, Sleep,
Stress, and Daily Functioning

Table 3 shows ratings of the impact of intrusions on
concentration, sleep, and stress. Critically, the impact of
intrusive memories on concentration reduced from 5 at baseline
to 1 at the 3-month follow-up, and estimated duration of
concentration disruption per intrusion reduced from 4 (30-60
minutes) at baseline to 1 (1-5 minutes) at follow-up. The impact
intrusions had on sleep reduced from 5 at baseline to 0 at the
3-month follow-up. The impact intrusions had on stress reduced
from 5 at baseline to 1 at the 3-month follow-up. The impact
intrusive memories had on the participant”s ability to function
in her daily life reduced from 5 at baseline to 1 postintervention
and was 0 at the 3-month follow-up.

At baseline, the participant responded to an open question on
how her intrusive memories had affected her ability to function
in daily life: “I don’t sleep very well, and that leads to fatigue
which interferes with my daily functioning.” In the last
intervention session, she said, “Tt took some energy to try not
to think about them, but they bother me very little anymore,”
and at the 1-month follow-up she reported, “I can’t concentrate
when I have an intrusive memory, but the memories don’t really
bother me anymore even though I have been in quarantine.

https:/formative jmir.org/2021/11/¢29873

Usually when I am not busy that has meant more memories.”
She also said, “T have not needed to play Tetris, but it’s nice to
know that I can if I have an intrusive memory.” At the 3-month
follow-up, she responded, “They have not been bothering me
in the past weeks. It is a little uncomfortable that they may come,
but they bother me very little.”

Discussion

Principal Findings

In this single case study, we investigated the effects of a brief
visuospatial intervention designed to disrupt memory
reconsolidation, thereby reducing the number of intrusive
memories of trauma. Different intrusive memories were targeted
one by one over six sessions, guided by a clinical psychologist.
The intervention stemmed from earlier laboratory studies [18,47]
as well as clinical studies [19,25]. The total number of intrusive
memories per week (primary outcome) was approximately
halved from baseline to the intervention phase, similar to what
Kessler et al [19] found in a study involving inpatients with
complex PTSD. Of particular interest in this study is that the
reduction in the number of intrusions continued to 76% at the
1-month follow-up and to 92% at the 3-month follow-up,
meaning that three of the four intrusions were eliminated entirely
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at 3 months. This critically extends previous studies by
examining the long-term effects at 3 months postintervention
and, in this case, at least suggests that symptoms may continue
to improve in the long term rather than rebound. This is perhaps
because of the fact that the intervention is simple to use
independently once it has been learned so that the participant
can self-administer booster doses if needed.

The specific symptom probe design allowed us to zoom in on
the effect of each intervention session on each of the
participant’s four intrusive memories. All four memories
reduced after being targeted, with reductions ranging between
26% and 86% (from baseline to intervention phase). By the
3-month follow-up, only the most distressing intrusive memory
(memory A) was still present, occurring only once during the
past week. This quantitative reduction was mirrored in the
participant’s qualitative feedback, with her noting that the
intrusive memories bothered her very little at this time.

Symptoms of PTSD (subthreshold for this participant) were
reduced postintervention, and the same pattern was observed
for symptoms of both depression and anxiety. This change was
similar to the results reported by Kessler et al [19]. Interestingly,
symptoms of PTSD, depression, and anxiety continued to
decrease along with the number of intrusive memories and were
minimal at follow-up.

The intrusive memories affected the participant’s general
functioning at baseline, for example, it affected her sleep,
leading to fatigue, which affected her daily functioning. After
the intervention, her functioning improved as the intrusions no
longer interfered with her day-to-day life at the 3-month
follow-up. Her concentration improved considerably from
baseline to postintervention and further at follow-up. The
participant, in effect, gained back hours during which her
concentration was not disrupted by intrusive memories. Both
sleep and stress improved postintervention and continued to
improve at follow-up.

Importantly, the participant found the gameplay to be a very
acceptable way to reduce the frequency of intrusive memories,
similar to the Holmes et al [31] study with refugees. The
participant also indicated that the intrusive memory diary was
straightforward and not burdensome to complete. Most diary
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data were successfully recorded, although some days in the
baseline and intervention phases were missing, mostly because
of extra days passing in between sessions where the participant
had not received the next diary provided in sessions.

This intervention approach (currently under development, not
evidence based), intended not to treat the whole of PTSD but
rather a single symptom, is unlike existing treatment options
and potentially removes some common barriers to them. For
example, barriers include a sparse number of qualified
psychological therapists in Iceland (particularly in rural areas)
as well as the high cost of treatment and high dropout rates,
stigma, and patients' reluctance to talk about the traumatic
experience [10-12].

This intervention removes patients' need to talk about and
describe the trauma in detail, is low cost, and because of its
simplicity, it may be delivered by nonexperts after training. It
is important to explore further how this intervention approach
can address other common barriers in existing treatments. Future
research should explore remote delivery of the intervention (eg,
communication via web-based platforms) instead of in-person
meetings [48]. This would remove geographical constraints and
make it possible to reach people even when immobilized or
isolated (eg, in quarantine because of the COVID-19 pandemic),
which is increasingly important in today’s uncertain
circumstances [49].

Conclusions

Opverall, the results of this single case study indicate that the
intervention is promising, showing initial signs of effectiveness
in reducing the frequency of intrusive memories of trauma that
had occurred 4 decades ago and improving mental health and
functioning in an Icelandic setting at least for the first
participant. The intervention was well tolerated and acceptable,
and the effects of the intervention may even continue after the
intervention phase. The next step will be to examine whether
such effects extend to other participants (eg, in a case series)
and to explore remote delivery of the intervention, to explore
whether it is possible to deliver by nonclinicians, and to further
tailor the intervention to this setting based on feedback from
target users.

The authors would like to thank Johanna Motilla Hoppe and Elin Sjofn Stephensen for their administrative assistance. EAH
received funding from the Oak Foundation (OCAY-18-442) and from the Swedish Research Council (2020-00873) in support
of this study; EAH also received funding from AFA Insurance (200342) and the Lupina Foundation. AB received funding from
the Icelandic Research Fund (11709-0270). UV received funding to establish the stress and gene analysis (SAGA) cohort from
the European Research Council (StressGene, grant 726413) and the Icelandic Research Fund (grant 163362-051). EBT reports
funding from the Icelandic Research Fund (185287-051). LS received funding from the Swiss National Science Foundation
(P2BEP1_184378) and a Thunberg Fellowship from the Swedish Collegium for Advanced Study.

Conflicts of Interest

EAH reports serving on the board of the charity MQ: Transforming Mental Health (UK). She also receives book royalties from
Oxford University Press (Imagery and Cognitive Therapy) and Guilford Press (Imagery-Based Cognitive Therapy for Bipolar
Disorder and Mood Instability) and occasional fees from clinical workshops and conference keynotes.

References

https:/formative jmir.org/2021/11/¢29873 IMIR Form Res 2021 | vol. 5 |iss. 11]¢29873 |p. 12

(page number not for citation purposes)

RenderX

74



JMIR FORMATIVE RESEARCH Thorarinsdottir et al

20.

2L

22.

23;

American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders Internet. Fifth Edition. Washington,
DC: American Psychiatric Association; 2013.

Kessler RC, Aguilar-Gaxiola S, Alonso J, Benjet C, Bromet EJ, Cardoso G, et al. Trauma and PTSD in the WHO World
Mental Health Surveys. Eur J Psychotraumatol 2017 Oct 27;8(sup5):1353383 [FREE Full text] [doi:
10.1080/20008198.2017.1353383] [Medline: 29075426]

Post-traumatic stress disorder. National Institute for Health and Care Excellence. 2018 Dec. URL: https://www.nice.org.uk/
guidance/ng116 [accessed 2021-08-31]

Santiago PN, Ursano RJ, Gray CL, Pynoos RS, Spiegel D, Lewis-Fernandez R, et al. A systematic review of PTSD prevalence
and trajectories in DSM-5 defined trauma exposed populations: intentional and non-intentional traumatic events. PLoS
One 2013 Apr 11;8(4):¢59236 [FREE Full text] [doi: 10.1371/journal.pone.0059236] [Medline: 23593134]

Kupfer DJ, Regier DA. Neuroscience, clinical evidence, and the future of psychiatric classification in DSM-5. Am J
Psychiatry 2011 Jul;168(7):672-674. [doi: 10.1176/appi.ajp.2011.11020219] [Medline: 21724672]

Morina N, Wicherts JM, Lobbrecht J, Priebe S. Remission from post-traumatic stress disorder in adults: a systematic review
and meta-analysis of long term outcome studies. Clin Psychol Rev 2014 Apr;34(3):249-255. [doi: 10.1016/j.cpr.2014.03.002]
[Medline: 24681171]

McLaughlin KA, Koenen KC, Friedman MJ, Ruscio AM, Karam EG, Shahly V, et al. Subthreshold posttraumatic stress
disorder in the world health organization world mental health surveys. Biol Psychiatry 2015 Feb 15;77(4):375-384 [EREE
Full text] [doi: 10.1016/j.biopsych.2014.03.028] [Medline: 24842116]

Bradley R, Greene J, Russ E, Dutra L, Westen D. A multidimensional meta-analysis of psychotherapy for PTSD. Am J
Psychiatry 2005 Feb;162(2):214-227. [doi: 10.1176/appi.ajp.162.2.214] [Medline: 15677582]

Kantor V, Knefel M, Lueger-Schuster B. Perceived barriers and facilitators of mental health service utilization in adult
trauma survivors: a systematic review. Clin Psychol Rev 2017 Mar;52:52-68 [FREE Full text] [doi: 10.1016/j.cpr.2016.12.001]
[Medline: 28013081]

Lewis C, Roberts NP, Gibson S, Bisson JI. Dropout from psychological therapies for post-traumatic stress disorder (PTSD)
in adults: systematic review and meta-analysis. Eur J Psychotraumatol 2020 Mar 9;11(1):1709709 [FREE Full text] [doi:
10.1080/20008198.2019.1709709] [Medline: 32284816]

Imel ZE, Laska K, Jakupcak M, Simpson TL. Meta-analysis of dropout in treatments for posttraumatic stress disorder. J
Consult Clin Psychol 2013 Jun;81(3):394-404 [FREE Full text] [doi: 10.1037/a0031474] [Medline: 23339535]

Najavits LM. The problem of dropout from "gold standard" PTSD therapies. F1000Prime Rep 2015 Apr 2;7:43 [FREE
Full text] [doi: 10.12703/P7-43] [Medline: 26097716]

Kessler RC. Posttraumatic stress disorder: the burden to the individual and to society. J Clin Psychiatry 2000;61 Suppl
5:4-12; discussion 13. [Medline: 10761674]

Singh L, Espinosa L, Ji JL, Moulds ML, Holmes EA. Developing thinking around mental health science: the example of
intrusive, emotional mental imagery after psychological trauma. Cogn Neuropsychiatry 2020 Sep;25(5):348-363. [doi:
10.1080/13546805.2020.1804845] [Medline: 32847486

Ehlers A, Hackmann A, Michael T. Intrusive re-experiencing in post-traumatic stress disorder: phenomenology, theory,
and therapy. Memory 2004 Jul;12(4):403-415. [doi: 10.1080/09658210444000025] [Medline: 15487537]

Grey N, Holmes EA. "Hotspots" in trauma memories in the treatment of post-traumatic stress disorder: a replication.
Memory 2008 Oct;16(7):788-796. [doi: 10.1080/09658210802266446] [Medline: 18720224]

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 Apr;69:67-82 [FREE Full text] [doi:
10.1016/j.cpr.2018.08.005] [Medline: 30293686]

Holmes EA, James EL, Coode-Bate T, Deeprose C. Can playing the computer game "Tetris" reduce the build-up of flashbacks
for trauma? A proposal from cognitive science. PLoS One 2009;4(1):e4153 [FREE Full text] [doi:
10.1371/journal.pone.0004153] [Medline: 19127289]

Kessler H, Holmes EA, Blackwell SE, Schmidt A, Schweer JM, Biicker 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 Dec;86(12):1076-1090. [doi: 10.1037/ccp0000340] [Medline: 30507232]

Hoge CW, Chard KM. A window into the evolution of trauma-focused psychotherapies for posttraumatic stress disorder.
JAMA 2018 Jan 23;319(4):343-345. [doi: 10.1001/jama.2017.21880] [Medline: 29362777]

Holmes E, Hales S, Young K, Simplicio M. Imagery-Based Cognitive Therapy for Bipolar Disorder and Mood Instability.
New York: Guilford Press; 2019.

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-of-concept
randomized controlled trial. Mol Psychiatry 2018 Mar;23(3):674-682 [FREE Full text] [doi: 10.1038/mp.2017.23] [Medline:
28348380]

Horsch A, Vial Y, Favrod C, Harari MM, Blackwell SE, Watson P, et al. Reducing intrusive traumatic memories after
emergency caesarean section: a proof-of-principle randomized controlled study. Behav Res Ther 2017 Jul;94:36-47 [FREE
Full text] [doi: 10.1016/j.brat.2017.03.018] [Medline: 28453969]

https://formative jmir.org/2021/11/¢29873 IMIR Form Res 2021 | vol. § | iss. 11] ¢29873 | p. 13

XSL-FO

RenderX

(page number not for citation purposes)

75



JMIR FORMATIVE RESEARCH Thorarinsdottir et al

24.

25.

26.

27.

28.

29.

30.

al,

35:

37.

38.

39;

40.

41.

42.

43.

44,

45.

Kanstrup M, Singh L, Goéransson 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 Jan 11;11(1):30 [EREE Full text] [doi: 10.1038/541398-020-01124-6] [Medline: 33431807]
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 2021
Jan;28(1):109-123. [doi: 10.1002/cpp.2489] [Medline: 32525244]

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 Nov;48(6):739-744. [doi: 10.1017/S1352465820000296] [Medline: 32594968
Krasny-Pacini A, Evans J. Single-case experimental designs to assess intervention effectiveness in rehabilitation: a practical
guide. Ann Phys Rehabil Med 2018 May;61(3):164-179 [EREE Full text] [doi: 10.1016/j.rehab.2017.12.002] [Medline:
29253607]

Vohra S, Punja S. A case for n-of-1 trials. JAMA Intern Med 2019 Mar 01;179(3):452. [doi:
10.1001/jamainternmed.2018.7166] [Medline: 30830183]

Senn S. Statistical pitfalls of personalized medicine. Nature 2018 Nov;563(7733):619-621. [doi:
10.1038/d41586-018-07535-2] [Medline: 30482931]

Bradbury J, Avila C, Grace S. Practice-based research in complementary medicine: could N-of-1 trials become the new
gold standard? Healthcare (Basel) 2020 Jan 08;8(1):15 [FREE Full text] [doi: 10.3390/healthcare8010015] [Medline:
31936355]

Holmes EA, Ghaderi A, Eriksson E, Lauri KO, Kukacka OM, Mamish M, et al. 'T Can't Concentrate': a feasibility study
with young refugees in Sweden on developing science-driven interventions for intrusive memories related to trauma. Behav
Cogn Psychother 2017 Mar;45(2):97-109 [EREE Full text] [doi: 10.1017/S135246581600062X| [Medline: 28229806]
Tetris holding internet. Electronic Arts Inc. 2018. URL: https://www.ea.com/de-de/games/tetris/tetris [accessed 2021-08-31]
Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [EREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

Weathers FW, Bovin MJ, Lee DJ, Sloan DM, Schnurr PP, Kaloupek DG, et al. The Clinician-Administered PTSD Scale
for DSM-5 (CAPS-5): development and initial psychometric evaluation in military veterans. Psychol Assess 2018
Mar;30(3):383-395 [FREE Full text] [doi: 10.1037/pas0000486] [Medline: 28493729]

Lecrubier Y, Sheehan D, Weiller E, Amorim P, Bonora I, Sheehan K, et al. The Mini International Neuropsychiatric
Interview (MINI). A short diagnostic structured interview: reliability and validity according to the CIDI. Eur psychiatr
1997;12(5):224-231. [doi: 10.1016/S0924-9338(97)83296-8]

Sheehan D, Lecrubier Y, Harnett Sheehan K, Janavs J, Weiller E, Keskiner A, et al. The validity of the Mini International
Neuropsychiatric Interview (MINI) according to the SCID-P and its reliability. Eur psychiatr 1997;12(5):232-241. [doi:
10.1016/50924-9338(97)83297-x]

Blevins CA, Weathers FW, Davis MT, Witte TK, Domino JL. The Posttraumatic Stress Disorder Checklist for DSM-5
(PCL-5): development and initial psychometric evaluation. J Trauma Stress 2015 Dec;28(6):489-498. [doi: 10.1002/jts.22059]
[Medline: 26606250]

Wortmann JH, Jordan AH, Weathers FW, Resick PA, Dondanville KA, Hall-Clark B, et al. Psychometric analysis of the
PTSD Checklist-5 (PCL-5) among treatment-seeking military service members. Psychol Assess 2016 Nov;28(11):1392-1403.
[doi: 10.1037/pas0000260] [Medline: 26751087]

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med 2001
Sep:16(9):606-613 [EREE Full text] [doi: 10.1046/j.1525-1497.2001.016009606.x] [Medline: 11556941]

Kroenke K. Enhancing the clinical utility of depression screening. CMAJ 2012 Feb 21;184(3):281-282 [FREE Full text]
[doi: 10.1503/cmaj.112004] [Medline: 22231681]

Spitzer RL, Kroenke K, Williams JB, Lowe B. A brief measure for assessing generalized anxiety disorder: the GAD-7.
Arch Intern Med 2006 May 22;166(10):1092-1097. [doi: 10.1001/archinte.166.10.1092] [Medline: 16717171]

Kroenke K, Spitzer RL, Williams JB, Monahan PO, Léwe B. Anxiety disorders in primary care: prevalence, impairment,
comorbidity, and detection. Ann Intern Med 2007 Mar 06;146(5):317-325. [doi: 10.7326/0003-4819-146-5-200703060-00004]
[Medline: 17339617]

Toussaint A, Hiising P, Gumz A, Wingenfeld K, Hirter M, Schramm E, et al. Sensitivity to change and minimal clinically
important difference of the 7-item Generalized Anxiety Disorder Questionnaire (GAD-7). J Affect Disord 2020 Mar
15;265:395-401. [doi: 10.1016/j.jad.2020.01.032] [Medline: 32090765]

Leon AC, Olfson M, Portera L, Farber L, Sheehan DV. Assessing psychiatric impairment in primary care with the Sheehan
Disability Scale. Int J Psychiatry Med 1997;27(2):93-105. [doi: 10.2190/T8EM-C8YH-373N-1UWD] [Medline: 9565717]
Coles T, Coon C, DeMuro C, McLeod L, Gnanasakthy A. Psychometric evaluation of the Sheehan Disability Scale in adult
patients with attention-deficit/hyperactivity disorder. Neuropsychiatr Dis Treat 2014 May 19:10:887-895 [FREE Full text]
[doi: 10.2147/NDT.S55220] [Medline: 24899807]

https:/formative jmir.org/2021/11/¢29873 JMIR Form Res 2021 | vol. § |iss. 11| 29873 | p. 14

XSL-FO

RenderX

76

(page number not for citation purposes)



JMIR FORMATIVE RESEARCH Thorarinsdottir et al

46. Bjornsson AS, Hardarson JP, Valdimarsdottir AG, Gudmundsdottir K, Tryggvadottir A, Thorarinsdottir K, et al. Social
trauma and its association with posttraumatic stress disorder and social anxiety disorder. J Anxiety Disord 2020
May;72:102228 [EREE Full text] [doi: 10.1016/j.janxdis.2020.102228] [Medline: 32361167]

47. James EL, Bonsall MB, Hoppitt L, Tunbridge EM, Geddes JR, Milton AL, et al. Computer game play reduces intrusive
memories of experimental trauma via reconsolidation-update mechanisms. Psychol Sci 2015 Aug;26(8):1201-1215 [FREE
Full text] [doi: 10.1177/0956797615583071] [Medline: 26133572]

48.  Gamble B, Depa K, Holmes EA, Kanstrup M. Digitalizing a brief intervention to reduce intrusive memories of psychological
trauma: qualitative interview study. JMIR Ment Health 2021 Feb 22:8(2):e23712 [FREE Full text] [doi: 10.2196/23712]
[Medline: 33616540

49. Holmes EA, O'Connor RC, Perry VH, Tracey I, Wessely S, Arseneault L, et al. Multidisciplinary research priorities for
the COVID-19 pandemic: a call for action for mental health science. Lancet Psychiatry 2020 Jun;7(6):547-560 [FREE Full
text] [doi: 10.1016/82215-0366(20)30168-1] [Medline: 32304649]

Abbreviations

CAPS: Clinician Administered PTSD Scale
CONSORT: Consolidated Standards of Reporting Trials
DSM: Diagnostic and Statistical Manual of Mental Disorders
GAD-7: Generalized Anxiety Disorder—7

MINI: Mini International Neuropsychiatric Interview
PCL-5: Posttraumatic Stress Disorder Checklist-5
PHQ-9: Patient Health Questionnaire-9

PTSD: posttraumatic stress disorder

REDCap: Research Electronic Data Capture

SAGA: stress and gene analysis

SDS: Sheehan Disability Scale

Edited by G Eysenbach; submitted 23.04.21; peer-reviewed by J Hoogervorst; comments to author 20.05.21; revised version received
11.06.21; accepted 05.07.21; published 04.11.21

Please cite as:

Thorarinsdottir K, Holmes EA, Hardarson J, Hedinsdottir U, Kanstrup M, Singh L, Hauksdottir A, Halldorsdottir T, Gudmundsdottir
B, Valdimarsdottir U, Thordardottir EB, Gamble B, Bjornsson A

Reducing Intrusive Memories of Childhood Trauma Using a Visuospatial Intervention: Case Study in Iceland

IMIR Form Res 2021:5(11):¢29873

URL: hups:/fformative jmir.org/2021/11/¢29873

doi: 10.2196/29873

PMID: 34734830

©KTristjana Thorarinsdottir, Emily A Holmes, Johann Hardarson, Unnur Hedinsdottir, Marie Kanstrup, Laura Singh, Arna
Hauksdottir, Thorhildur Halldorsdottir, Berglind Gudmundsdottir, Unnur Valdimarsdottir, Edda Bjork Thordardottir, Beau
Gamble, Andri Bjornsson. Originally published in JMIR Formative Research (https:/formative. jmir.org), 04.11.2021. This is an
open-access  article  distributed under the terms of the Creative Commons Attribution  License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Formative Research, is properly cited. The complete bibliographic information,
alink to the original publication on https:/formative.jmir.org, as well as this copyright and license information must be included.

https://formative jmir.org/2021/11/¢29873 IMIR Form Res 2021 | vol. § | iss. 11]¢29873 | p. 15

XS |_ FO (page number not for citation purposes)
.

RenderX

77



78



Paper I

Paper Il

79



80



JMIR FORMATIVE RESEARCH Thorarinsdottir et al
QOriginal Paper

Using a Brief Mental Imagery Competing Task to Reduce the
Number of Intrusive Memories: Exploratory Case Series With
Trauma-Exposed Women

Kristjana Thorarinsdottir', MSc; Emily A Holmes?, Prof Dr; Johann Hardarson', MSc; Elin S Stephenssen', BSc;
Marianna H Jonasdottir', BSc; Marie Kanstrup®, PhD; Laura Singh**, PhD; Arna Hauksdottir*, Prof Dr; Thorhildur
Halldorsdottir*®, PhD; Berglind Gudmundsdottir®’, Prof Dr; Edda Thordardottir*, PhD; Unnur Valdimarsdottir*"*,
Prof Dr; Andri Bjornssonl, Prof Dr

‘Depanmenl of Psychology. University of Iceland, Reykjavik, Iceland

chpamncnt of Psychology, Uppsala University, Uppsala, Sweden

Swedish Collegium for Advanced Study, Uppsala University, Uppsala, Sweden

“The Center of Public Health Sciences, University of Iceland, Reykjavik, Iceland

5Dcpartn’\cnt of Psychology, University of Reykjavik, Reykjavik, Iceland

f’l~'acully of Medicine, University of Iceland, Reykjavik, Iceland

"The National University Hospital of Iceland, University of Iceland, Reykjavik, Iceland

gDepm'um:nl of Epidemiology, Harvard TH Chan School of Public Health, Boston, MA, United States

Corresponding Author:
Kristjana Thorarinsdottir, MSc
Department of Psychology
University of Iceland
S@mundargata 12

Reykjavik, 102

Iceland

Phone: 354 5254240

Email: kth35@hi.is

Abstract

Background: Novel interventions should be developed for people who have undergone psychological trauma. In a previous
case study, we found that the number of intrusive memories of trauma could be reduced with a novel intervention. The intervention
included a brief memory reminder, a visuospatial task and mental rotation, and targeted trauma memory hotspots one at a time
in separate sessions.

Objective: This case series (N=3) extended the first case study with 3 new cases to determine whether a similar pattern of
beneficial results is observed. We explored whether the brief intervention would result in reduced numbers of intrusive memories
and whether it would impact symptoms of posttraumatic stress, depression and anxiety, and general functioning. Acceptability
of the intervention was also explored.

Methods: A total of 3 women completed the study: 2 with posttraumatic stress disorder and other comorbidities and 1 with
subthreshold posttraumatic stress disorder. The primary outcome was the change in the number of intrusive memories from the
baseline phase to the intervention phase and at the 1-month follow-up, with an assessment of the intrusion frequency at 3 months.
Participants monitored the number of intrusive memories in a daily diary for 1 week at baseline, for maximum of 6 weeks during
the intervention phase and for 1 week at the 1-month and 3-month follow-ups. The intervention was delivered in person or
digitally, with guidance from a clinical psychologist. A repeated AB design was used (A was a preintervention baseline phase
and B intervention phase). Intrusions were targeted individually, creating repetitions of an AB design.

Results: The total number of intrusive memories was reduced from the baseline to the intervention phase for all participants.
The total number for participant 3 (P3) reduced from 38.8 per week during the baseline phase to 18.0 per week in the intervention
phase. It was 13 at the 3-month follow-up. The total number for P4 reduced from 10.8 per week at baseline to 4.7 per week in
the intervention phase. It was 0 at the 3-month follow-up. The total number for P5 was reduced from 33.7 at baseline to 20.7 per
week in the intervention phase. It was 8 at the 3-month follow-up. All participants reported reduction in posttraumatic stress
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symptoms in the postintervention phase. Depression and anxiety symptoms reduced in 2 of the 3 participants in the postintervention
phase. Acceptability was favorable.

Conclusions: We observed good compliance with the intervention and intrusive memory diary in all 3 cases. The number of
intrusive memories was reduced for all participants during the intervention phase and at the 1-month follow-up, with some
improvement in other symptoms and functioning. Further research should explore the remote delivery of the intervention and

whether nonspecialists can deliver the intervention effectively.

(JMIR Form Res 2022;6(7):e37382) doi: 10.2196/37382
KEYWORDS

trauma; intrusive memories; visuospatial task; Tetris gameplay; mental imagery; imagery competing task; case series; mobile

phone; posttraumatic stress

Introduction

Background

Most people experience psychological trauma (eg, accidents or
interpersonal violence) in their lives [1,2], and many (up to
37%) develop posttraumatic stress disorder (PTSD) after such
experiences [3]. Intrusive memories are the core clinical
symptoms of PTSD and are within the intrusion symptoms
criterion of PTSD in the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) [1.4]. Intrusive
memories are persistent, unwanted upsetting memories of the
traumatic event [ 1]. In their most extreme form, they can include
reliving the traumatic event as if it were happening again
(flashbacks). Other intrusion symptoms include dreams or
nightmares about the traumatic event and emotional distress or
physical reactivity after exposure to reminders of the traumatic
event. Other symptom criteria include avoidance of memories
or reminders of the trauma, along with negative alterations in
cognition and mood [1]. Posttraumatic stress symptoms, even
when subthreshold for a diagnosis of PTSD, can be associated
with substantial distress, functional impairment, and comorbidity

[5].

As noted previously [6], although evidence-based treatments
for PTSD exist [7,8], the existing treatment options have some
limitations. For example, current treatments require trauma
survivors to talk in detail about the traumatic experience, which
can be distressing, and many are reluctant to discuss their trauma
in depth [9]. Dropout rates during PTSD treatment are high, up
to 48% in clinical trials and approximately 18% overall and
may be higher outside research trial settings in clinical practice
[10-12]. Finally, existing options are time consuming, typically
requiring numerous sessions, and there is often a lack of
treatment providers specializing in empirically validated
treatment of PTSD. Similar to numerous other countries, Iceland
has mental health services that lack the capacity to offer
treatments when needed by trauma survivors at the scale needed.
These limitations to current treatments make the search for
additional scalable treatment alternatives imperative.

A novel brief and simple intervention to reduce the number of
intrusive memories after trauma has been developed based on
cognitive science, as described elsewhere [13,14]. This
intervention takes a single-symptom approach (not an entire
disorder). The intervention includes a brief memory reminder
cue for one specific intrusive memory of trauma, followed by
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a 25-minute Tetris gameplay with mental rotation (ie, actively
rotating the blocks in one’s mind eye to best make lines; [15]).
The intervention was initially examined based on recent
memories of trauma [16-18]. It has been further explored for
older memories of trauma using case studies and case series
approaches [6,19-21]. These studies involved in-person delivery,
that is, face-to-face sessions guided by a clinical psychologist
or researcher.

We adapted the intervention for women in Iceland who
experienced intrusive memories of trauma, as reported in a
recent case study [6]. Some of the details of this case are now
summarized for context and comparison with the 3 new cases
presented here. As previously reported, the participant was a
woman in her fifties with 4 distinct intrusive memories from a
traumatic event that happened in childhood, that is, the intrusive
memories were decades old. Each specific memory was targeted
in a session (in person) with a clinical psychologist with
expertise in trauma. The memory reminder used was to briefly
bring the visual content of the memory to mind without
becoming emotionally overwhelmed by a method agreed with
the participant (here, for example, choosing 1 of her 4 specific
memories to be targeted using the diary, then thinking about
the memory for a few seconds only, and letting the psychologist
know when the memory was in their mind). Next, the participant
was taught to use mental rotation. She then played Tetris for 25
minutes using mental rotation. She monitored her specific
intrusive memories in a daily diary so that the impact of the
intervention on a distinct intrusive memory could be easily
observed. The total number of intrusive memories decreased
from 12.6 per week at baseline to 6.1 per week in the
postintervention phase. Furthermore, the number of intrusive
memories continued to reduce to only 1 memory per week at
the 3-month follow-up. Symptoms of posttraumatic stress and
depression and anxiety reduced in the postintervention phase,
whereas functioning improved. The participants considered the
intervention to be an acceptable way to reduce the number of
intrusive memories. The next step in exploring the effects of
the intervention involves examining if they extend to other cases
of women after trauma and whether remote (rather than in
person) delivery is a feasible delivery method given restrictions
occurring during the COVID-19 pandemic (eg, isolation) [22].

Objectives

In this case series, we aimed to extend our previous case study
to a short case series of trauma-exposed women in Iceland,
drawn from an epidemiological study of trauma experienced
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by women in Iceland. The intervention sessions took place either
in person in a university setting or remotely using a web-based
platform. We examined whether the novel intervention approach
could reduce the number of intrusive memories of trauma
(primary outcome) and whether reductions were maintained at
follow-up (1 and 3 months). As before, the brief intervention
was guided by a clinical psychologist, targeting one distinct
intrusive memory at a time per session. The acceptability of the
intervention was also explored along with adaptions in
intervention delivery. Again, we explored whether having fewer
intrusive traumatic memories would also be associated with
improvements in general functioning, posttraumatic stress, and
depression and anxiety symptoms (secondary outcomes). The
design adopted here can be described as a within-subject
repeated AB design in which each specific memory is targeted
in separate sessions, so that we can consider the effects of an
individual intervention session on each specific memory over
time [6,20].

As in our previous study [6], we predicted that participants
would report fewer intrusive memories (primary outcome)
during the intervention phase than in the preceding baseline
phase and that the reduction in the number of intrusions would
be maintained at the 1-month follow-up in the diary. In addition,
we explored a 3-month follow-up using a diary. We expected
that the number of targeted intrusive memories would decrease
relative to that of nontargeted memories. We also examined
whether having fewer intrusive memories would be associated
with reductions in symptoms of posttraumatic stress and
depression and anxiety and associated with improvements in
general functioning (secondary outcomes). Furthermore, we
explored the feasibility and acceptability of the intervention,
alongside adaptions in intervention delivery format, that is,
remote (web-based) delivery.

Methods

Participants

Participants were drawn from an epidemiological study of
trauma experienced by women in Iceland (as in our previous

hitps:/formative jmir.org/2022/7/¢37382
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case study [6]). As described previously [6], women who
participated in a substudy of the Stress-And-Gene-Analysis
(SAGA) cohort study were screened for eligibility. The SAGA
cohort study was a population-based longitudinal cohort study
of women in Iceland who completed an extensive questionnaire
on trauma history and mental health (baseline data collection
was completed on July 1, 2019). The Social Trauma Project
substudy compared 2 samples from the SAGA cohort study,
with a probable diagnosis of PTSD (ie, Posttraumatic Stress
Disorder Checklist-5 [PCL-5] score of >33; see Measures
section) or not likely PTSD (ie, PCL-5 score in the lowest fifth),
using clinical interviews. In all, 2 semistructured interviews
were administered in the substudy (ie, the Mini International
Neuropsychiatric Interview [MINI], which was also used to
assess the exclusion criteria for this study, and the
Clinician-Administered PTSD Scale for DSM-5 (CAPS-5; see
Measures section).

Women who took part in the Social Trauma Project substudy
(both likely PTSD group and not likely PTSD group) were
screened for the presence of intrusive memories of trauma, as
in our previous case study [6]. As before, screening included a
short description of intrusive memories (memories that include
sensory impressions such as sight, sound, and so on; often
pictures or a film clip that pops into the mind’s eye; are
distressing and occur involuntarily). Next, they were asked
questions regarding the presence of this symptom to assess their
eligibility for participation in this study (“Do you have intrusive
memories of trauma? If yes, how often in the past week have
you experienced such memories?” and “How often have you
experienced intrusive memories a week in the past four
weeks?”).

In this study, 72 women from the substudy, who provided their
consent to be contacted for further research were assessed for
inclusion in this study (Figure 1).
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Figure 1. Adapted CONSORT (Consolidated Standards of Reporting Trials) flow diagram for the study. SAGA: Stress-And-Gene-Analysis.

(n=72)

Assessed for eligibility from
substudy of the SAGA cohort

Y

Excluded (n=67)

*  Not meeting inclusion criteria (n=66)

» o Did not have at least one intrusive
memory that occurs at least three
times per week for the last 4 weeks
(n=26)

o Did not have intrusive memories

[ Baseline phase (1 week)

criterion A trauma (n=12)

(n=28)
] [}

'

Intrusive memories were not from
e Declined participation (n=1)

‘ Completed baseline (n=5) |

A2
Intervention phase Dropout (n=2)
‘Weekly intervention sessions | ¥ *  Due to medical reasons (n=1)
(6 sessions maximum) *  Due to family emergency (n=1)
v

| Completed intervention phase (n=3) ‘

v

| Completed 1-month follow-up (n=3) |

v

| Completed 3-month follow-up (n=3) ‘

Analyzed: For all intrusive memories of
each participant combined (total), then
comparison of targeted and nontargeted.

Inclusion criteria were (1) having experienced criterion A trauma
as defined by DSM-5 [1] (using criterion A on CAPS-5), (2)
having at least one intrusive memory that occurs at least three
times per week for the last 4 weeks (How many intrusive
memories have you experienced in the last 4 weeks on
average?), (3) being able and willing to attend 3 to 8 sessions
with the researcher, (4) being able and willing to monitor
intrusive memories in daily life, (5) having access to a
smartphone, and (f) being able to speak and read study materials
in Icelandic. The exclusion criteria were (1) current psychotic
disorder (assessed with the MINI), (b) current manic episode
(assessed with MINI), and (c) being acutely suicidal (assessed
with the MINI).

In all, 5 women who met the inclusion criteria were included,
ranging in age from 39 to 66 years (mean 49, SD 11 years).
Participants are referred to as P1, P2, P3, P4, and P5. The initial
2 participants recruited did not complete the intervention
sessions due to nonsuitability of the study timing in their lives
(medical and family issues). Both P1 and P2 were excluded
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from the data analyses, although data from the baseline were
collected. After P1 and P2 wished to cease their participation,
a question was added to the recruitment process asking if the
participants foresaw any obstacles to their participation in the
study. P1 did not meet any diagnostic criteria for psychological
disorders according to the MINI. P2 met the diagnostic criteria
for bipolar disorder and reported subthreshold PTSD symptoms.

A total of 3 patients completed the study, 2 (67%) with PTSD
and other comorbidities and 1 (33%) with subthreshold PTSD.
P3, woman aged 240 years, met the criteria for major depressive
disorder and PTSD. P4, a woman aged 260 years, did not meet
any diagnostic criteria but reported subthreshold PTSD
according to the CAPS-5. PS, a woman aged 250 years, met the
diagnostic criteria for major depressive disorder, social anxiety
disorder, and PTSD. P3 reported having 10 different intrusive
memories of physical violence that occurred in childhood. P4
reported having 3 different intrusive memories from childhood
sexual abuse, and P5 reported 6 different intrusive memories
from childhood sexual abuse.
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Design

The case series used a single-symptom approach, in which each
intrusive memory was targeted in different sessions, that is, one
at a time [6,19]. Specifically, participants distinguished the
content of their different intrusive memories and described them
briefly; for example, for a participant who had four distinct
intrusions, they may label them as (1) broken glass, (2) man’s
face, (3) blood on door, and (4) red car (the examples used are
fictitious to preserve anonymity). Participants then monitored
the occurrence of each distinct intrusion over time.

Thus, the design for each participant was a repeated AB design
whereby the length of baseline (A, before intervention,
monitoring only) and intervention (B) phases varied for each
distinct intrusion, according to which intervention session the
intrusive memory was targeted in. Thus, the baseline phases for
each distinct intrusive memory were used as control periods in
the comparison with the intervention, that is, the number before
and number after being targeted.

A daily diary was used to monitor the number of each intrusive
memory over time. That is, for 1 week before intervention, then
over 6 weeks (maximum) of intervention; then for 1 week at
the 1- and 3-month follow-ups. Intrusive memories were targeted
individually in up to 6 intervention sessions. These sessions
were guided by a clinical psychologist, who was a specialist in
trauma-focused cognitive behavior therapy. After the first
session, participants were able to self-administer the intervention
if they wished for memories that they had already targeted in
the session. P3 received 2 repetitions of an AB design, P4 only
targeted 1 memory (and thus no repetitions of an AB design),
and PS5 received 4 repetitions of an AB design.

The primary outcome was the change in the number of intrusive
memories per week from baseline to the intervention phase and
to the long-term follow-ups (1 and 3 months). Participants
further completed secondary outcomes—self-report measures
for posttraumatic stress, depression and anxiety symptoms, and
functional impairment—at baseline, the last intervention session,
and 1- and 3-month follow-ups.

Procedure

Training

Researchers delivering the intervention (KT and JH; both
licensed clinical psychologists trained in trauma-focused
cognitive behavior therapy) underwent training and received
clinical supervision, promoting adequate intervention delivery
and protocol adherence. Training involved 2 in vivo workshops
for 3 days and then again approximately 6 months later for 2
days, delivered by psychologists with expertise in developing
the intervention and delivering it in other settings (MK and
EAH). The theoretical background and practical aspects of the
intervention (eg, how to explain and use the primary outcome
measure) were covered in the workshops, as well as role-playing
with trainers and feedback until sufficient performance was
reached. While data collection was ongoing, the researchers
received supervision. Such supervision included weekly
supervision meetings, as well as more in real time support from
a clinical supervisor via telephone directly after participant
sessions regarding any case specific adaptions needed (EAH,
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MK, and AB). Twice a month, the researchers joined remote
(Zoom; Zoom Video Communications) peer-group training
meetings with other international researchers about the
intervention (convened by EAH and LS).

Baseline Session

A similar procedure was followed as in our previous case study
[6]; in the baseline session, the researcher explained the nature
of intrusive memories (ie, memories that include sensory
impressions such as sight, sound, and so on; are predominantly
similar to pictures or a film clip in the mind’s eye; and are
distressing and occur involuntarily). Participants identified their
intrusive memories by giving a brief verbal account of the
intrusion’s visual content using only a few words. Researchers
noted down the image’s description on a hotspots sheet in a
way that the participant could also see it. Participants then
labeled each intrusive memory with a symbol (the first memory
was labeled A, the second memory B, etc) and were instructed
on how to monitor their frequency each day in a pen-and-paper
diary (primary outcome measure). To indicate when a certain
memory was experienced, the participants recorded the symbol
corresponding to a given memory for each time frame of that
day. Each diary was divided into 7 days and each day, into 4
periods (see Measures section). The participants also completed
baseline questionnaires (secondary outcomes) in the baseline
session.

Intervention Sessions

In each intervention session (maximum 6 sessions), the
participant chose | intrusive memory to target (by looking
through their diary entries) and completed the intervention
procedure (guided by the researcher). The memory chosen could
be the most distressing or frequent or one chosen to be targeted
by the participant for other reasons. As in our previous case
study [6], the intervention consisted of a brief memory reminder,
that is, briefly thinking about the intrusive memory to bring the
image to mind without it becoming emotionally overwhelming.
Please note that the approach to bringing the memory to mind
here differs procedurally from the memory reminder method in
the studies by Kessler et al [19] or Kanstrup et al [20].
Participants were told, “To make the game as useful as possible,
we first had to make sure the memory was in your mind before
using the intervention. So, I want to ask you what do you think
would be the best way for you to bring this memory to mind
without it becoming emotionally overwhelming?” They then
discussed with the researcher options for the best way for them
to bring the memory into mind without it emotionally becoming
overwhelming. To do this, they were given examples of writing
it down briefly and not discussing it with the psychologist,
thinking about it briefly again and not talking about it in detail,
or finding another method. Here, all participants chose to bring
to mind the memory they had chosen to target by briefly thinking
about it for a few seconds with their eyes open and telling the
psychologist when it had come fully to mind (without talking
about it in detail). The psychologist confirmed that the
participants were able to picture their memory (ie, see it in their
mind’s eye) before moving to the instructions about the
gameplay.
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After the memory reminder procedure, participants were trained
on how to use the Tetris game and practiced using mental
rotation. They then played Tetris using mental rotation for 25
minutes [15]. For in-person meetings, the Tetris gameplay was
delivered with a Nintendo DS 10.1-inch screen, set to Marathon
mode with the ghost piece off. When an intervention session
took place remotely with a video call, Tetris gameplay was
performed on the participants’ own computer with a shared
screen so that the researcher could monitor the gameplay,
especially regarding mental rotation. Only one distinct intrusion
was targeted for each session. To select which intrusion was
targeted, the participant (not the researchers) selected which
intrusive memory it was. At the end of the last intervention
session, secondary outcome measures were completed again.

Participants were invited to self-administer the intervention for
memories already targeted in a session using a mobile version
of the Tetris created by Electronic Arts [23]. For example, when
the intrusion came to mind involuntarily in daily life, they were
told to use a similar procedure as they had learned with the
researcher in session.

When the COVID-19 pandemic started (the University of
Iceland closed on March 19, 2020), researchers switched to
remote (rather than in person) delivery through Kara Connect,
which is a General Data Protection Regulation—compliant
web-based platform certified by the Icelandic Directorate of
Health. The last intervention session for P3 was performed
remotely, intervention sessions 2 and onward were performed
remotely for P4, and all sessions were remotely delivered for
P5. Tetris was played on the web on the participants’ computers
(ghost piece off and sound set to 0%) with a shared screen so
that the researcher could monitor participants’ gameplay via
Kara Connect, which increased the likelihood of instruction
adherence, especially regarding the use of mental rotation.

Follow-up

At both the 1- and 3-month follow-up time points, participants
recorded the number of intrusions in their diary daily again for
1 week and completed the secondary outcome measures. Data
were entered via laptop into a REDCap (Research Electronic
Data Capture; Vanderbilt University) database (REDCap), an
encrypted electronic software stored on a secure server [24].

Measures

Eligibility Assessments (Part of the SAGA Cohort
Substudy)

Please note that the measures described here have already been
described in our previous case study [6] and are repeated here
for clarity.

The Clinician-Administered PTSD Scale (CAPS-5) is a 30-item
semistructured interview used to assess symptoms of PTSD
from an index of trauma and symptom severity (in the past
month) according to DSM-5 [1]. Items are scored on a 5-point
Likert scale (O=mild or subthreshold; 4=extreme or
incapacitating). A symptom rating of 2 (ie, moderate) was the
threshold for a possible diagnosis. For each symptom, frequency
and intensity were assessed and rated separately. The CAPS-5
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has excellent internal consistency (Cronbach a=.88), test-retest
reliability (0=.83), and good convergent validity (a=.83) [25]

The MINT for the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, assesses Axis I psychiatric disorders
according to the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, using a structured diagnostic
interview. For most diagnoses, the MINI has good sensitivity
and specificity [25]. Interrater and test-retest reliability is good,
with ks in the high to very high range (xs=0.79-1.00) [26].

Primary Outcome Measure

The intrusive memory diary, a pen-and-paper diary similar to
that used in Thorarinsdottir et al [6], was adapted from previous
experimental and clinical studies [16,20]. It involves daily
recording, for 4 time points each day (morning, afternoon,
evening, and night) for 1 week. The diary instructions defined
the nature of intrusive memories as distressing and involuntary
mental images (such as visual images or a film in the mind’s
eye). Participants were asked not to record voluntary (ie,
deliberately recalled) thoughts or involuntary verbal thoughts
without sensory content (intrusive verbal thoughts that had an
imagery component could be included). Participants monitored
the occurrence (or nonoccurrence) of their intrusive memories
in the daily diary for 1 week before the intervention (baseline
phase), for a maximum of 6 weeks during the intervention phase
and then again for 1 week at both the 1- and 3-month follow-ups
(note this was a daily diary, see retrospective amendment to
clinical trial registration [CTR] NCT04209283). When
indicating having an intrusion, participants used the symbol
corresponding to that specific memory (eg, A or B as noted
earlier), and therefore, it was possible to examine change in
frequency (here calculated as the number per week) for each
distinct memory individually.

The primary outcome was the change in the number of intrusive
memories from the baseline to the intervention phase and at the
1-month follow-up. The original CTR additionally prespecified
a measure of intrusive memories at the 3-month follow-up
(“Change in the number of intrusive memories of trauma from
baseline to 3 month follow-up”) but incorrectly stated that the
measure was “Questions about the frequency of intrusive
memories for the past day or week (for each intrusive memory,
to be tallied to arrive at a mean frequency for the memories for
the previous day and for the week),” specifically “How often
did this memory come up yesterday?” and “How often did this
memory come up per day in the past week?” However, this was
incorrect, as we had changed this measure at the study start to
use the same diary as for the earlier time points (ie, daily diary),
that is the “Number of intrusive memories of traumatic event
recorded by participants in a diary daily (morning, afternoon,
evening, night) per week over the baseline phase and during
one week at three month follow-up.” The measure has been
updated retrospectively in the CTR for this 3-month period and
should be interpreted with caution.

Secondary Qutcome Measures

PTSD symptoms in the past month were evaluated using the
PCL-5, a self-report scale with 20 items. Each symptom is rated
on a 5-point Likert scale (O=not at all; 4=extremely), with higher
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scores indicating greater severity. The PCL-5 evaluates the
severity of PTSD symptoms according to DSM-5 criteria. It has
strong internal and test-retest reliability and good convergent
and discriminant validity [27]. Criteria for clinical significance
are not available for the PCL-5; however, posttreatment scores
of <24 can be interpreted as clinically significant change [28].
The Icelandic version of this measure in the SAGA cohort study
had excellent internal consistency (a=.95).

Depression symptoms in the past 2 weeks were evaluated using
the Patient Health Questionnaire-9 (PHQ-9), a self-report
measure with 9 items rated on a 4-point Likert scale (O=not at
all; 3=nearly every day) [29]. The PHQ-9 evaluates depression
symptoms and their severity and has good internal reliability
and test-retest reliability [29]. The Icelandic version of the
SAGA cohort study had good internal consistency (a=.89). A
S-point change in the total PHQ-9 score was considered
clinically significant [30].

Anxiety symptoms in the past 2 weeks were evaluated using the
Generalized Anxiety Disorder-7 scale (GAD-7). In this
self-report questionnaire, each item is rated on a 4-point Likert
scale (O=not at all; 3=nearly every day). The GAD-7 assesses
symptoms of general anxiety disorder and its severity and has
great internal reliability and good test-retest reliability [31]. In
general, the GAD-7 has presumably been useful for screening
anxiety disorders [32]. The Icelandic version of the SAGA
cohort study had good internal consistency (a=.90). A 4-point
change on the GAD-7 is considered clinically significant [33].

Functional impairment in the previous week was evaluated
using the Sheehan Disability Scale (SDS). This self-report
measure has three domains: (1) work or school, (2) social, and
(3) family life, assessing functional impairment using a 1 1-point
scale (O=not at all; 10=extremely) [34]. A 3-point change on
the SDS scale has been considered indicative of response to
treatment [35]. To assess the impairment associated with
intrusive memories, scale adjustments were made. The SDS has
been found to have good internal and test-retest reliability and
good construct validity [34]. The Icelandic version of the SDS
has been found to have good internal consistency in clinical
groups (a=.84) [36].

Self-guided adherence for daily life using the gameplay part of
the intervention was rated “How often did you manage to play
Tetris after you experienced an intrusive memory?” (11-point
scale: O=not at all; 10=every time).

Feasibility and acceptability ratings for the intervention were
assessed with 2 ratings “Would you recommend playing Tetris
to a friend?” and “Do you consider gameplay to be an acceptable
way to reduce the daily frequency of intrusive memories?” The
scores ranged from 0 to 10. Higher scores indicated greater
acceptability. Open-ended questions included (1) “How did you
feel about playing Tetris after you had an intrusive memory?”
and (2) “Did you find the intervention helpful? If yes, how?”

The impact of intrusive memories on concentration, sleep, and
stress in the past week was evaluated using 6 self-rated items:
atotal of 2 items assessed general concentration difficulties and
difficulties in concentration due to intrusive memories (1 1-point
scales; higher scores indicated greater difficulties), 1 item
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assessed concentration disruption in minutes in the past week,
and 2 items assessed the impact of intrusive memories on sleep
(11-point scale; higher scores indicated greater sleep
disturbance). An item assessed the impact of intrusive memories
on stress levels (O=not at all; 10=affected very much).

General impact of intrusive memories was assessed using 2
ratings of intensity and vividness of the intrusions on a 11-point
scale (O=not at all; 10=very distressing or vivid).

Intrusion diary adherence item was assessed using the rating
“How accurately did you fill out the diary?” (O=not at all;
10=very accurate).

Impact of intrusive memories on daily functioning was evaluated
via an open-ended question: “How have the intrusive memories
affected your ability to function in your daily life in the past
week?” and a self-rated question, “Have the intrusive memories
affected your ability to function in your daily life?” (11-point
scale, a higher score indicated greater impact).

Data Analysis

Number of Intrusive Memories

The number of intrusive memories of trauma was recorded by
participants in the diary daily (morning, afternoon, evening,
and night) during the baseline phase and each week during the
intervention phase (weeks 1-6) and during 1 week at the 1-month
follow-up. The primary outcome was the change in the number
of intrusive memories of the trauma. The timeframe was baseline
week to the intervention phase (weeks 1-6) and follow-up (1
month). In practice, owing to scheduling reasons, the baseline
phase was longer than 1 week, and as anticipated, the number
of intervention weeks varied. Therefore, because these periods
had different time lengths, the mean number per week was
calculated for comparability. Missing data were dealt with by
excluding these time points from the calculations and using
available data (see Results section). For example, a participant
had a baseline period of 14 days, but data were present for only
6.5 days; thus, the total number of intrusions per week was
calculated as 10 intrusions / 6.5 days x 7 = 10.8 intrusive
memories per week during baseline.

When examining change over time, the percentage reduction
in total intrusions per week was calculated from the baseline
phase to the intervention phase to other periods as follows: 1—
(mean number per week during intervention phase / mean
number per week during baseline) x 100. For example, for the
same participant there were 4.7 intrusions per week in the
intervention phase, which was calculated as 1 — (4.7 / 10.8)
x100 = 57% reduction in the intervention phase compared with
the baseline.

Please note that at the 3 month-follow-up, we did not use the
telephone questions on the CTR (NCT04209283) about the
frequency of intrusive memories for the past day or week (eg,
“How often did this memory come up per day in the past
week?”) but instead replaced this with the same 1 week diary
used at earlier time points. We noted the use of a diary at 3
months in our ethics submission, but we incorrectly specified
itin our CTR and did not update the CTR on this point until the
submission of this paper.
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Change in the Number of Targeted Intrusive Memories
Relative to Nontargeted Memories

We examined the number per week of targeted memories in
comparison with nontargeted memories. This was done by
calculating the number in the same way as described above for
targeted memories (ie, each of targeted memories have different
baseline and intervention periods). However, standard baseline
and intervention periods were established for nontargeted
memories (ie, same length of periods for all nontargeted
memories), as they were not targeted by the intervention. The
baseline for each nontargeted memory was 1 week (ie, before
any memory was targeted), and the intervention phase was
determined as the period from when any memory was targeted
with the intervention.

Other Symptoms and Functioning

A descriptive approach was used to explore whether clinically
meaningful changes were observed in the overall symptoms of
posttraumatic  stress, depression, anxiety, and functional
impairment.

Ethics Approval

This study was approved by the National Bioethics Committee
of Ieeland (VSNb2017110046/03.01). The participants provided
written informed consent before the start of the study. All the
sessions followed a written protocol. No adverse events related
to the intervention were reported. Participants were asked to
briefly consider the visual content of the traumatic memories
they selected, which might have resulted in some distress.
Previous research has indicated that this intervention approach
is well tolerated, including in inpatients with complex PTSD
[19]. However, given the early stage of this research, an
arrangement was made with an independent clinical psychologist
who specializes in trauma for an interview free of charge to the
participant and to be referred to a licensed clinical psychologist
for treatment if needed. None of the participants had used these
services.

Open Science Statement

The study was registered before the start of the study on
Clinical Trials.gov (NCT04209283) on December 24, 2019. The
manuscript contains anonymized summary-level data. The study
materials may be made available upon reasonable request with
an appropriate material transfer agreement with the University
of Iceland or Uppsala. We note that delivery of this intervention
at present requires prerequisite training and supervision by
psychologists with experience of developing it (see Procedure,
Training section).
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Results

Overview

The number of intrusive memories and how many were targeted
varied among participants. P3 reported having 10 different
intrusive memories of physical violence during childhood. In
all, 2 of the intrusions were targeted with the intervention; one
of the memories (Memory A) was targeted 5 times and the other
(Memory B) was targeted once. P3 monitored the memories
quite accurately, but data were missing for days 15 to 22 during
the intervention phase. P4 reported having 3 intrusive memories
of childhood sexual abuse, of which only 1 (Memory A) was
targeted with the intervention 5 times. P4 monitored the
memories accurately, and data were missing for half of day 1
and for days 8 to 15 during the baseline phase. P5 reported
having 6 intrusive memories of childhood sexual abuse, 4 of
which were targeted. One of the memories (Memory A) was
targeted 3 times, whereas the others (Memories B, C, and D)
were targeted once. P5 accurately monitored their memories
with no missing data. No attempts were made to retrieve the
missing data. On average, 90% of the diary data were completed
for all 3 participants. No data were missing for the secondary
outcome measures.

Primary Outcome

Change in the Total Number of Intrusive Memories

The total number of intrusive memories per day throughout all
phases for each participant (baseline, intervention, and 1 month)
is shown in Figure 2. In addition, as it is on the same measure,
the diary used at 3 months is also shown in Figure 2. Diary
compliance was good for the outcome phases, with most missing
data in the baseline phase. The number of intrusive memories
per day fluctuated during the baseline phase for all the
participants (N=3). P3 had 38.8 intrusive memories (summed
across all 10 distinct intrusive memories) per week during the
baseline phase. The number was reduced to 18.0 per week (54%
reduction from baseline) during the intervention phase and
further reduced to 8 at the 1-month follow-up week (80%
reduction from baseline). P4 had 10.8 intrusions (summed across
all 3 memories) per week during the baseline phase, and the
number reduced to 4.7 per week (57% reduction from baseline)
during the intervention phase and was further reduced to 1 (91%
reduction from baseline) at the 1-month follow-up week (Figure
2). P5 had 33.7 intrusive memories (summed across all 6 distinct
intrusive memories) per week during the baseline phase, which
reduced to 20.7 per week (39% reduction from baseline) during
the intervention phase. The number further reduced at the
1-month follow-up to 5 that week (85% reduction from
baseline).

JMIR Form Res 2022 | vol. 6 | iss. 7| ¢37382 | p. 8
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Figure 2. Graphs for visual inspection of primary outcome data for each participant (on the y-axis as total number of intrusive memories per day, ie,
for all distinct memories combined). Days since study start are shown on the x-axis, which includes baseline (gray). intervention (white), and [ollow-up
periods (light gray). Dashed vertical lines show when each intervention session was administered and which specific traumatic memory was targeted.
Memories are labeled in order of when they were targeted (eg, Memory A was targeted in the first intervention session). Dotted vertical lines show the
1-month and 3-month follow-up periods. Gaps in the time series; for example, in the bascline, represent missing data.
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We now consider each of the participant graphs shown in Figure
2. Visual inspection of P3 showed that relative to baseline after
the first intervention session, the number of intrusions decreased.
The number persisted with some fluctuation through the
intervention period (days 8-65) and the 1-month and 3-month
follow-ups. Visual inspection for P4 showed that relative to
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baseline (which included missing data), the number of intrusions
remained relatively steady until the fourth intervention session
targeting the same memory (day 36), when there was a
noticeable drop in occurrence to 0 that was maintained in the
lastintervention session and 1-month (and 3-month) follow-up.
Visual inspection of P5 showed a slight drop in the frequency
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of intrusions after the second intervention session with some
fluctuations, until intervention session 5 (day 36), where the
reduction in frequency became more stable (Figure 2). The
frequency decreased even further at the 1-month follow-up (and
at 3 months).

Data for the 3-Month Follow-up Diary

P3 had 13 intrusive memories in their diary at the 3-month
follow-up (67% reduction from baseline). P4 had 0 intrusive
memories (100% reduction from baseline) at the 3-month
follow-up, whereas P5 had 8 in the week of the 3-month
follow-up (76% reduction from baseline; Figure 2). Patterns in
relation to diaries at earlier time points are noted in the Change
in the Total Number of Intrusive Memories section; however,
please see earlier notes about the change in measures at this
time point in contrast to the original CTR.
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Change in the Number of Targeted Intrusive Memories
Relative to Nontargeted Memories

The number of targeted and nontargeted intrusions per week at
baseline, in the postintervention phase, and at the 1- and 3-month
follow-ups are displayed in Table 1. The mean number of
individual targeted memories was 7.6 (SD 4.3) per week in the
baseline phase and reduced to 5.8 (SD 2.7) per week in the
intervention phase. For individual memories, refer to Table 1.
However, for nontargeted intrusions, the baseline rate for
individual memories was very low, such as | per week.
Therefore, these percentages are not included in Table 1. The
mean number of nontargeted memories was 2.5 (SD 3.3) per
week in the baseline phase and reduced to 0.2 (SD 0.4)
memories per week in the intervention phase. The number of
targeted memories continued to decrease at the 1-month
follow-up week to 2.0 (SD 2.5), and nontargeted memories were
reduced to 0 memories. At the 3-month follow-up, the mean
number of targeted memories was 3.0 (SD 3.4), and the
frequency for nontargeted memories was again 0 that week.
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Table 1. Number of intrusive memories per week in the baseline phase, postintervention phase, and at 1 and 3-month follow-ups from baseline phase
for each participant (P)*.

Participant and intrusions Baseline phase Postintervention phase 1-month follow-up 3-month follow-up
P3
Memory 1 (A") 14 112 6 3
Memory 2 B" 8.8 6.4 2 10
Memory 3 (C) 6 0.3 0 0
Memory 4 (D) 1 0 0 0
Memory 5 (E) 0 0 0 0
Memory 6 (F) 3 0 0 0
Memory 7 (G) 1 0 0 0
Memory 8 (H) 3 0.1 0 0
Memory 9 (I) 0 0 0 0
Memory 10 (J) 2 0 0 0
Total 388 18.0 8 13
Total mr,gctcdb 228 17.6 8 13
Total nontargeted 16 0.4 0 0
P4
Memory 1 (AP 8.6 39 1 0
Memory 2 (B) 1.1 0.8 0 0
Memory 3 (C) 1.1 0 0 0
Total 10.8 4.7 1 0
Total mrgctcdb 8.6 39 1 0
Total nontargeted 22 0.8 0 0
P5
Memory 1 (A)° 106 65 0 2
Memory 2 (B)b 7 2.8 0 2
Memory 3 (C)° 2.6 4.2 0 4
Memory 4 (D)b 20 56 5 0
Memory S (E) 11.6 0.5 0 0
Memory 6 (F) 0 1 0 0
Total 337 20.7 5 8
Total targeted” 221 192 5 8
Total nontargeted 11.6 15 0 0

*Total intrusions do not equate Lo the sum of intrusions for each memory here because the length of the baseline and intervention phases difler across
each memory and the total. See the Data analysis section for further details.

hSpcciﬁc intrusive memories targeted by the intervention.

impact of intrusive memories, the ratings for vividness of the
intrusions did not change considerably, although if anything,
Ratings of Adherence to Completing the Diary, General ~showed some decline (Table 2). Distress associated with
Impact of Intrusive Memories (Vividness and Distress), intrusions more clearly diminished during the intervention and

and Use of the Intervention in Daily Life follow-up phases for all 3 participants (Table 2). For use of the
- gameplay intervention in daily life, ratings of the self-guided

Secondary Outcomes

Self-reported accuracy for filling out the daily intrusion diaries
was high throughout the study period (Table 2). For the general
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adherence to Tetris gameplay after experiencing an intrusive

Thorarinsdottir et al

memory between sessions are also shown in Table 2.

Table 2. Ratings for adherence to intrusive memory diary, general impact of intrusive memories, and use of the gameplay intervention in daily life

(N=3).

Ratings and

participant Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 I-month follow-up  3-month follow-up
Diary accuracy®
pb3 8 7 8 7 8 7 7 7
P4 9 8 7 9 8 _c 8 10
P5 8 9 8 8 8 8 7 9
Intrusions’ vividness®
P3 8 8 7 8 7 6 6 7
P4 7 6 5 7 4 — 5 0
P5 7 8 7 7 7 6 6 5
Intrusions’ distress®
P3 7 9 7 7 7 6 6 4
P4 6 5 4 4 2 — 1 0
P5 8 8 7 7 7 6 5 3
Intervention use in daily lifef
P3 — 3 3 1 4 3 1 1
P4 — 3 2 7 0 — 0 0
P5 — 7 7 6 8 8 6 2

“How accurately did you complete the diary? O=not at all; 10=very accurately.

bp: participant.
“Missing data.

dDuring the last week, how vivid was your intrusive memory? O=not at all; 10=very vivid.

“During the last week, how distressing were your intrusive memories? O=not at all; 10=very distressing.

"How often did you manage to play Tetris after you experienced an intrusive memory? O=never; 10=every time.

Feasibility and Acceptability of Using a Computer
Gameplay Intervention

Participants were asked if they would recommend the
intervention to a friend. P3 rated this item at 9, PS gave it a
rating of 8 (highly likely to recommend to a friend), and P4
rated the item at 3 (unlikely to recommend to a friend). They
also rated if they considered gameplay to be an acceptable way
to reduce intrusive memories. P3 and PS5 rated the item at 8
(high acceptability), and P4 rated it at 3 (low acceptability).
When participants were asked to rate how they felt about playing
Tetris after having an intrusion, P3 noted that “It reduced the
emotion, sometimes I was able to concentrate and think my way
through it. Sometimes I experienced a kind of peace within.”
P4 said, “T played so there was no room for other thoughts,”
and P5 reported, “Sometimes it’s difficult to play for 25 minutes,
but I played as many times as I could, for 5 to 25 minutes.”
When the participants were asked if they found the intervention
helpful, P3 reported, “When I was able to plan ahead while
playing the game, my brain could not interrupt me. The emotion
that causes distress fades.” P4 said, “Yes, I could not think about
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anything else whilst playing,” and P5 reported, “I felt a physical
calmness, like the pit in my stomach was shrinking.”

Self-report Measures for Posttraumatic Stress,
Depression and Anxiety Symptoms, and General
Functioning

There was a clear reduction in posttraumatic stress symptoms
(PCL-5) from baseline to the postintervention phase, which
tended to continue to drop further during follow-up for all 3
participants who completed the intervention, suggesting clinical
improvement (Table 3). Depression symptoms (on the PHQ-9)
and anxiety symptoms (on the GAD-7) seemed to follow a
similar pattern for 2 (P3 and P5) out of the 3 participants,
showing reductions in the postintervention phase and during
follow-up. Functional impairment (as measured by the SDS)
was reduced for the same 2 out of 3 participants (P3 and PS)
from baseline to the postintervention phase and at the 1-month
follow-up, but for P3, it increased at 3 months. It should be
noted that P4’s ratings for all of these measures were low at
baseline (Table 3).
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Table 3. Self-report measures of secondary outcomes (posttraumatic stress, depression and anxiety symptoms, and general functioning) and impact of
intrusive memories on concentration, sleep. stress, and daily functioning [or each participant (P).

Item and participant Baseline interview Postintervention interview I-month follow-up 3-month follow-up
PCL-5*
P1 6 _b . -
P2 54 — — —
P3 54 35 20 35
P4 26 14 6 11
P5 64 49 51 31
PHQ-Y¢
P1 3 — — -
P2 19 — — —
P3 13 8 6 9
P4 5 3 3 2
P5 19 11 14 11
GAD-7
P1 2 — = —
P2 8 = = —_
P3 14 7 6 10
P4 2 3 5 1
P5 18 9 17 4
SDS¢
P1 7 — — —
P2 20 —_ — —
P3 20 16 13 21
P4 4 3 0 0
P5 21 16 8 7
Concentration disruption related to intrusive memories’
P1 3 — — =5
P2 3 — — —
P3 7 5 3 5
P4 2 2 1 0
P5 7 4 4 3

General concentration®

P1 0 — — —
P2 6 — — —
P3 7 6 5 6
P4 2 2 2 0
P5 7 4 3 —
Duration of disruptionh
P1 1 — — —
P2 3 — — —
P3 4 4 3 4
https:/formative jmir.org/2022/7/c37382 IMIR Form Res 2022 | vol. 6 |iss. 7| ¢37382 | p. 13
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Item and participant Baseline interview

Postintervention interview

1-month follow-up 3-month follow-up

P4 2 1
P5 4 4
Sleepi
P1 0 e
P2 5 —
P3 4 4
P4 1 1
PS5 10 8
Nighlmaresi
P1 0 —
P2 4 —
P3 7 2
P4 0 1
P5 10 8
Stress®
Pl 0 —
P2 4 —
P3 6 2
P4 1 1
P5 7 3

Daily l'|.|m:tioningl

Pl 0 —
P2 8 —
P3 7 5
P4 0 0
P5 7 0

2 1
2 2
3 4
1 0
7 5
2 4
1 0
8 5
0 2
2 0
3 3
2 5
0 0
2 0

3PCL-5: Posttraumatic Stress Disorder Checklist-5; score range 0 to 80.
bMissing data.

€PHQ-9: Patient Health Questionnaire-9; score range 0 to 27.

4GAD-7: Generalized Anxiety Disorder-7 scale; score range 0 to 21.

€SDS: Shechan Disability Scale; score range 0 (unimpaired) to 30 (highly impaired).

"In the past week, how much did your intrusive memories disrupt your concentration? O=not at all disruptive: 10=extremely disruptive.

£In the past week, how much difficulty did you have concentrating generally? O=no concentration difficulty at all; 10=extreme concentration difficulty.

"When you had an intrusive memory, how long did it disrupt your concentration (in minutes) in the past week? 0 (<1 min) to 5 (>60 min).

Did your intrusive memories interfere with sleep during the night in the past week? O=not at all; 10=interfered very much.

IDid you experience any nightmares that interfered with your sleep during the night in the past week? O=did not experience any nightmares; 10=experienced

alot of nightmares.

XIn the past week, did your intrusive memories affect how stressed you felt? O=not at all; 10=affected very much.

'Have the intrusive memories affected your ability to function in your daily life? O=not at all; 10=affected very much.

Impact of Intrusive Memories on Concentration, Sleep,
Stress, and Daily Functioning

The ratings of the impact of intrusive memories on
concentration, stress, and sleep are included in Table 3. P5
reported improved concentration after her intrusions over the
course of the intervention and follow-up period. At baseline,
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when P5 experienced an intrusive memory, her concentration
was disrupted for 10 to 30 minutes on average, and this time
was reduced to 1 to 5 minutes at follow-up. P3 reported a slight
improvement in concentration with respect to intrusive memories
specifically but not in general. Ratings on concentration
disruption from intrusive memories were low at baseline for P4
and did not change in the postintervention phase. The effect of
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intrusive memories on sleep did not change for P3 or P4,
whereas P5 showed some reduction. Nightmares were reduced
for both P3 and PS5, whereas nightmares were almost nonexistent
for P4. The stress levels associated with intrusions were reduced
during the intervention and follow-up periods for P3 and P5.

The reported impact of intrusive memories on the ability to
function in daily life over the intervention and follow-up periods
showed improvement (except for P4, who scored 0 at baseline).
At baseline, the participants were asked to respond to an open
question about how their intrusive memories impacted their
ability to function in daily life. At baseline, P3 said, “When I
have this overwhelming feeling, I find it difficult to be around
other people, the worst thing is how it affects my ability to stay
present for my daughters.” P4 said, “I have anger inside me, I
constantly think back to how no-one noticed what was done to
me.” P5 reported, “I get very stressed and anxious; it takes a
lot of energy to get out of the emotion...” In the last intervention
session, P3 reported, “The intrusions disrupt my concentration,”
and P5 said, “I experience distress and nightmares.” At the
I-month follow-up, P3 disclosed, “When I am under a lot of
stress, they disturb me more.” P5 reported, “The images no
longer have color, cause less disruption and are less frequent.”
At the 3-month follow-up, P3 said, “I am under a lot of stress
and dealing with a certain communication problem which
triggers my PTSD and the intrusions” and that “I can now
comprehend that this is only a memory, and T don’t feel as
distressed.” PS reported, “They mostly impact my anxiety” and
“I am not a person that easily believes in things, but this
intervention works.” For all phases following the baseline, P4
reported, “The memories have no impact anymore.”

Discussion

Principal Findings

The aim of this case series was to extend our previous case study
by evaluating a novel visuospatial intervention designed to
reduce the number of intrusive memories of trauma [6,14,37].
The intervention was adapted to the Icelandic setting from
previous clinical studies [6,19,20]. The total number of intrusive
memories per week (primary outcome) was reduced between
38% and 56% from baseline to the intervention phase, in line
with earlier results found by Kessler et al [19] and what we
found in our earlier case study [6]. Importantly, we also found
in this case series that the frequency of intrusive memories
continued to decrease at the 1-month follow-up (the reduction
from baseline was approximately 85%). In the diary used at the
3-month follow-up, the reduction from baseline was from 66%
to 100%: although this measure replaced another one and was
not prespecified, further investigation is required. These results
are similar with what we found in the earlier case study [6] in
which the frequency also continued to reduce from 52% in the
postintervention phase to 76% at the 1-month follow-up and to
92% at the 3-month follow-up. These results indicate that the
reduction in the frequency of intrusions might continue rather
than rebound, which could be because of the simplicity of
self-administered use of the intervention, giving participants
the chance to use it independently, if needed. Reductions in
distress related to intrusive memories were evident in all
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participants. A limitation of the study is that the 3-month diary
data must be treated as exploratory, as it was not preregistered
in the CTR (though it was in our ethics approval), and further
studies should include this.

Not only did the targeted intrusions reduce in this case series
but nontargeted intrusions were also reduced in the intervention
phase. Although this appears relatively more so than the targeted
ones, results must be treated with caution because of the
potential floor effects on the low baseline number of nontargeted
intrusions rendering comparisons misleading. Kessler et al [19]
found that overall, targeted memories were reduced by 64%
and nontargeted memories by 11%. The sample of participants
in the study by Kessler et al [19] was inpatients with a diagnosis
of complex PTSD with a larger number of different memories
and baseline symptom rates, whereas the participants in this
case series were non—treatment seeking with less symptom
severity. Furthermore, targeted memories were reported to be
much more distressing than nontargeted ones and may, in some
cases, need more time to reduce in frequency (hence, the
long-term effect described earlier in this section). It would be
clinically interesting in future studies to see if there were links
between treating a memory (say from the same trauma) that
could generalize to reductions in nontargeted memories of the
same episode.

We examined whether a reduction in the number of intrusions
would have an impact on the symptoms of posttraumatic stress,
depression and anxiety symptoms, and general functioning
(secondary outcomes). The general pattern was that
posttraumatic stress symptoms were reduced for all participants
in the postintervention phase (cutoffs for clinical significance
were not available for this measure). Depression and anxiety
symptoms were reduced at times suggestive of a clinically
significant change for 2 (P3 and P5) of the 3 participants in the
postintervention phase [30,33], whereby a 5-point change in
the PHQ-9 total score and a 4-point change on the GAD-7 can
be considered clinically significant. Symptoms tended to be
reduced further at follow-up. It should be noted that P4 had very
low levels of distress, depression and anxiety symptoms, and
impaired function at baseline. The overall findings are similar
to those of our previous case study [6] and the study by Kessler
et al [19]. These results provide preliminary evidence that a
reduction in the number of intrusions from using this
intervention could possibly reduce other symptoms connected
to intrusive memories after trauma and improve functioning,
with important implications for the quality of life. For the 2 (out
of 3) participants who had a reduction in posttraumatic stress
symptoms, depression and anxiety, and impairments in
concentration and other factors related to intrusive memories,
the overall pattern for secondary measures was that some
improvements tended to continue for a longer term.

P3 and PS5 rated the intervention as acceptable; using Tetris
gameplay was an acceptable method to reduce the frequency
of their intrusive memories and noted that they would
recommend the intervention to a friend. This is similar to what
Holmes et al [38] found among refugees and what we found in
our earlier case study [6]. However, P4 did not rate the
intervention as acceptable and was unlikely to recommend it to
a friend, although she noted that it was helpful. It is important
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to further develop how the intervention can be made more
feasible and acceptable to a range of users.

Two of the participants ceased participation in the study after
the baseline phase; the reasons were unrelated to the intervention
but were related to scheduling issues in their daily life. However,
it is important to determine who is most likely to benefit from
the intervention and how to educate individuals about it in a
way that increases the chance of people making an informed
choice of whether they are able to try it or have the time to take
part in a course of treatment. It could also be explored whether
the intervention could have an impact on the frequency of
intrusive memories with fewer guided intervention sessions,
which would reduce the participation load.

Owing to the COVID-19 pandemic, the delivery of the
intervention was changed from face to face to remote (eg,
web-based communication via Kara Connect). Originally, our
plan was to gradually move toward remote delivery in future
studies. When the pandemic struck, it forced the change to occur
more quickly during the intervention phase of the study. This
turned out to be a positive development, as the data did not
suggest that the intervention became less effective by being
delivered remotely. Recent research by Singh et al [39] indicated
that this novel intervention delivered remotely could be an
acceptable method to reduce the number of intrusive memories
among health care staff. The number of intrusive memories was
reduced to O at the 5-week follow-up in all 3 participants [39].
Continued remote delivery using a web-based platform instead
of face-to-face delivery will be important in future studies [40],
thereby removing geographical restraints and making it possible
to reach people regardless of where they live or whether they
are in quarantine (eg, owing to the COVID-19 pandemic) [22].
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Conclusions

Targeting established intrusive memories of trauma that
participants had been experiencing for some years (eg, from
childhood sexual abuse) with a brief visuospatial intervention,
involving a brief memory reminder and Tetris gameplay with
mental rotation, seems to show promise for further exploration
as a method to reduce their frequency. These early data suggest
that the intervention might also result in symptom reduction
related to posttraumatic stress, anxiety and depression, and
improved functioning; however, further studies are needed.
Because of its simplicity, this intervention might be capable of
removing common barriers to existing treatment options after
trauma, such as for PTSD, including some patients’ reluctance
to talk about and describe their trauma in detail to a therapist,
high costs, and a limited number of qualified therapists [9]. The
intervention might even be delivered by nonexperts in
evidence-based trauma-focused therapy after brief training, with
ongoing supervision—something that should be further
examined.

The results of this study are encouraging, and the effects of the
intervention on the number of intrusive memories need to be
further explored. Continuing to develop this kind of scalable
intervention is crucial to reach a large number of people in need
of treatment after experiencing trauma. Future research should
further examine the feasibility and acceptability of remote
delivery by nonexperts in mental health (rather than only
qualified clinical psychologists) and whether fewer intervention
sessions can yield similar results. Randomized controlled trials
are required to assess the intervention.
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Abstract

Background: There is a need for scalable and simple interventions for trauma exposed people. In this case series, we built on
our previous case study and case series findings and further explored the utility and potential effectiveness of a brief novel
intervention to reduce the number of past intrusive memories of trauma. The imagery competing task intervention consists of a
memory reminder, and the visuospatial task Tetris played with mental rotation, targeting one intrusive memory at a time. Here
we test remote delivery of the intervention, including guidance from researchers without specialist mental health training, in a
sample of women in Iceland with current intrusive memories from trauma occurring several years previously.

Objective: In a case series of trauma exposed women, we aimed to explore whether this brief novel intervention reduces the
number of established intrusive memories (primary outcome) and improves general functioning and symptom reduction in post-
traumatic stress, depression and anxiety (secondary outcomes). Acceptability of the intervention along with adaptations i.e.,
delivery by psychology students without specialist mental health training and digital delivery, were explored.

Methods: Participants (N=8) monitored the number of intrusive memories from an index trauma (occurring 3 — 16 years
previously) in a daily diary at baseline, during the intervention phase (ranging from three to six weeks), and post intervention at
1-month and 3-month follow-ups. The intervention was delivered digitally with guidance from clinical psychologists/psychology
students. A repeated AB design was used (“A”: pre-intervention baseline, “B™": intervention phase). Intrusions were targeted one-
by-one, creating repetitions of an AB design (i.e., length of baseline ‘A’ and intervention ‘B’ varied for each memory).

Results: The number of intrusive memories reduced for all participants from the baseline phase compared to the intervention
phase, although the reduction was minimal for 2 participants (6.3% - 93%). The number of intrusive memories continued to
reduce for 6 out of 8 participants (58% - 100% reduction at 1-month follow up; 72% - 100% reduction at 3-month follow up).

Symptoms of post-traumatic stress, depression and anxiety were reduced for most participants post intervention and continued to

https://preprints.jmir.org/preprint/72748 [unpublished, peer-reviewed preprint]
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decrease during the follow-up periods. Functioning was improved for 7 of the 8 participants from baseline to post intervention
and continued to improve at the follow-up assessments for three participants. The intervention delivered digitally and partly by
students was perceived to be an acceptable way to reduce the frequency of intrusive memories by all participants (mean rating
9.5 out of 10).

Conclusions: Data from this case series of traumatized women provide preliminary evidence for the effectiveness of this novel
brief intervention in reducing intrusive memories of trauma occurring several years ago and in improving functioning and
reducing core symptom burden. This study will inform a randomized controlled trial of this novel intervention, which may have
considerable implications for large scale clinical management of traumatized populations. Clinical Trial: The study was approved
by the National Bioethics Committee in Iceland (No: VSNb2017110046/03.01).

The study was preregistered prior to study start on ClinicalTrials.gov (NCT04209283) on 2020-11-03.
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Abstract

Background: There is a need for scalable and simple interventions for trauma exposed people. In this case
series, we built on our previous case study and case series findings and further explored the utility and
potential effectiveness of a brief novel intervention to reduce the number of past intrusive memories of
trauma. The imagery competing task intervention consists of a memory reminder, and the visuospatial task
Tetris played with mental rotation, targeting one intrusive memory at a time. Here we test remote delivery of
the intervention, including guidance from researchers without specialist mental health training, in a sample of
women in Iceland with current intrusive memories from trauma.

Objectives: In a case series of trauma exposed women, we aimed to explore whether this brief novel
intervention reduces the number of established intrusive memories (primary outcome) and improves general
functioning and symptom reduction in post-traumatic stress, depression and anxiety (secondary outcomes).
Acceptability of the intervention along with adaptations i.e., delivery by psychology students without
specialist mental health training and digital delivery, were explored.

Method: Participants (N=8) monitored the number of intrusive memories from an index trauma (occurring 3
— 16 years previously) in a daily diary at baseline, during the intervention and post-intervention at 1-month
and 3-month follow-ups. The intervention was delivered digitally with guidance from clinical
psychologists/psychology students. A repeated AB design was used (“A”: pre-intervention baseline, “B”:
intervention phase). Intrusions were targeted one-by-one, creating repetitions of an AB design (i.e., length of
baseline ‘A’ and intervention ‘B’ varied for each memory).

Results: The number of intrusive memories reduced for all participants from the baseline phase compared to
the intervention phase, although the reduction was minimal for 2 participants (6.3% - 93%). The number of
intrusive memories continued to reduce for 6 out of 8 participants (58% - 100% reduction at 1-month follow
up; 72% - 100% reduction at 3-month follow up).

Symptoms of post-traumatic stress, depression and anxiety were reduced for most participants post-
intervention and continued to decrease during the follow-up periods. Functioning was improved for 7 of the 8
participants from baseline to post-intervention and continued to improve at the follow-up assessments for

three participants. The intervention delivered digitally and partly by students was perceived to be an

https://preprints.jmir.org/preprint/72748 [unpublished, peer-reviewed preprint]



IJMIR Preprints Thorarinsdottir et al
acceptable way to reduce the frequency of intrusive memories by all participants (mean rating 9.5 out of 10).
Conclusion: Data from this case series of traumatized women provide preliminary evidence for the
effectiveness of this novel brief intervention in reducing intrusive memories of trauma occurring several years
ago and in improving functioning and reducing core symptom burden. This study will inform a randomized
controlled trial of this novel intervention, which may have considerable implications for large scale clinical

management of traumatized populations.

Keywords: trauma, intrusive memories, post-traumatic stress disorder, imagery competing task, visuospatial

task, Tetris gameplay, mental imagery, case series
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Background

Over 70% of people experience traumatic events (e.g., interpersonal violence, accidents, or disasters)
at some point in their lives [1]. The lifetime prevalence for post-traumatic stress disorder (PTSD) has
been estimated as 5.6% among people that have been exposed to trauma [2]. PTSD, even when
symptoms are subthreshold, is associated with substantial distress, functional impairment and
comorbidities, such as depression and anxiety [3-5]. Given the scope of this detrimental health
outcome, there is a need for scalable and simple interventions for trauma exposed people.

A core clinical feature of PTSD is intrusive memories of trauma. They are often visual, e.g. pictures,
or short clips that replay a distressing moment from the trauma. They can disrupt daily functioning
and cause significant distress by evoking the same emotional reaction that was experienced during
the traumatic event [6] According to network studies [7], intrusive memories activate the other three
PTSD symptoms clusters (avoidance; alterations in cognitions and mood; hyperarousal), making
them a suitable treatment target [8]. This single symptom focus may allow a post-trauma intervention
to be simpler and easier to scale.

Existing evidence-based treatment options for PTSD [9,10], while clearly important, also carry some
limitations. These treatments require the patients to recall and describe the traumatic event in detail
which many are reluctant to do [11]. In addition, dropout rates from clinical trials focusing on PTSD
treatments are high, up to 48% (on average 18%) and are thought to be even higher in general
treatment settings [12-14]. Furthermore, there are not enough therapists that are trained in delivering
evidence-based PTSD treatment [11] and current treatment options are time consuming and costly
[11]. With these challenges in mind, a simple and low intensity intervention has recently been
developed, aimed to reduce one key symptom of PTSD, that is, intrusive trauma memories [15]
rather than the full diagnosis of PTSD[16]. The intervention consists of a brief memory reminder for
a specific intrusive memory, followed by 20-minutes Tetris gameplay with mental rotation (i.e.,

actively rotating the blocks in one’s mind while playing the game; for further details, see Holmes et
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al., 2019, chapter 11[17]).
Recent clinical trials have yielded promising results when the intervention is used to target memories
of very recent trauma [18-20]. In several case studies and case series, the intervention has also been
investigated with focus on older intrusive memories of trauma with promising results[21-27]. These
studies involved both in person and remote delivery of the intervention with sessions being guided
by a clinical psychologist/researcher.
In a recent case study [22], we adapted the intervention for Icelandic women who experience
intrusive memories of trauma. In the initial case study, the participant (N=1) was a woman in her
fifties with four intrusive memories of a single traumatic event from her childhood. She reported a
total of 12.6 intrusive memories per week at baseline which reduced to 6.1 per week during the
intervention phase. Notably, her intrusive memories continued to decrease to 1.0 per week at the 3-
month follow-up. The participant’s general functioning, along with symptoms of PTSD, depression,
and anxiety, improved post-intervention and continued to improve at the follow-up. She found the
intervention to be an acceptable way to reduce the frequency of intrusive memories [22].
Following the case study, we investigated the effects of the intervention in an exploratory case series
(N =3 [23]). Given restrictions that came along with the COVID-19 pandemic (e.g., isolation)[28],
we also explored the feasibility of delivering the intervention remotely, using videoconferencing. The
total number of intrusive memories for the first participant went from 38.6 per week at baseline to
18.0 per week during the intervention phase, for the second participant from 10.8 per week at
baseline to 4.7 per week during the intervention phase, and for the third participant from 33.7 per
week at baseline to 20.7 per week during the intervention phase. The frequency of intrusive
memories also continued to decrease at 1-month follow-up for all three participants, indicating that
the intervention may have longer-term effects. As in Kessler et al. 2018 [26], we hoped to compare
targeted relative to non-targeted memories, however the number of non-targeted memories per week

was too low to make that comparison. In addition to the reduced total number of intrusive memories,
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PTSD symptoms were reduced for all three participants. Furthermore, depression and anxiety
symptoms were reduced for two out of three participants post-intervention and continued to reduce at
follow-up. Two out of three participants rated the intervention to be an acceptable way to target
intrusive memories of trauma. Remote delivery — here using videoconferencing with the researcher -
was achieved and appeared acceptable although the feasibility of remote delivery needs to be further
explored.

In the current case series, we build on these two previous studies [22,23], investigating the effects of
the intervention (up to six sessions) delivered remotely in a larger case series sample of women (N =
8) experiencing established intrusive memories of older trauma occurring some years before (3 — 16
years). In this study, a novel aspect was also that non-specialists (psychology students without a
professional mental health qualification) delivered the intervention remotely after training in how to
use the intervention.

We predicted that participants would report fewer intrusive memories of trauma (primary outcome)
during the intervention phase (maximum five weeks) than in the preceding baseline phase (one
week), and that the reduction would be maintained at the 1-month and 3-month follow-up. We
predicted that the number of targeted intrusive memories would decrease relative to non-targeted
memories. Furthermore, we explored whether having fewer intrusive memories would be associated
with improvements in general functioning and reductions in symptoms of PTSD, depression, and
anxiety (secondary outcomes). In addition, we explored the feasibility and acceptability of digital

and non-specialist delivery of the intervention.

Method
Participants

As in our previous studies [22,23], participants were recruited from a sub-study of the Stress and
Gene analysis (SAGA) Cohort which is a population-based longitudinal cohort study of Icelandic

women (see e.g., [29,30]. The sub-study compared two samples of women from the SAGA cohort
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study, women with a probable diagnosis of PTSD (i.e., having a score of 33 or higher on the PCL-5)
and women not likely to have a diagnosis of PTSD (i.e., scores on the PCL-5 in the lowest one fifth
of the distribution), using clinical interviews. Women who took part in the sub-study were assessed
for eligibility for the present study using two semi-structured diagnostic interviews (i.e., the Mini
International Neuropsychiatric Interview (MINI) and the Clinician-Administered PTSD Scale for
DSM-5 (CAPS-5) to determine the presence of mental disorders and to assess exclusion criteria in
the current study. Women from the sub-study who provided consent to be contacted regarding future
studies were assessed for inclusion into this case series.

Screening included a short description of intrusive memories (as involuntary and distressing
memories that include sensory impressions such as sight, sound etc., that pop into mind often in the
form of pictures or short film clips). The presence of the symptom was then assessed.

In the current study, 53 women from the sub-study who provided consent to be contacted for
further research were assessed for inclusion (see CONSORT diagram in Figure 1). Inclusion criteria
were: (a) having experienced at least one criterion A trauma according to DSM-5 [31]; (b) having at
least one intrusive memory that occurs at least 3 times per week in the past four weeks; (c) being
able to attend 3-8 sessions with the researcher; (d) being willing to monitor intrusive memories in
daily life; (e) having access to a smartphone; (f) being able to speak Icelandic and read study
materials in Icelandic. Exclusion criteria were (a) current psychotic disorder; (b) current manic
episode; (c) being acutely suicidal.

Ten participants met the inclusion criteria (see Figure 1) and were initially recruited, ranging
in age from 22 to 65 years (M = 43.2, SD = 15.67). Participants will hereafter be referred to as P1,
P2, P3, etc. Two participants (P6 and P8) did not complete the intervention sessions due to personal
reasons. P6 did not complete the baseline session, no data were therefore collected for P6. P8
completed the baseline session and one intervention session. P8 found the timing of study

participation not suitable due to changes in her personal life. Hence, P6 and P8 were excluded from
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the data analysis. Eight women completed the study (see Table 1 for demographics, traumatic event
details and clinical diagnoses for the final sample). Time since the traumatic event took place that
participants were experiencing intrusive memories from varied from 3 — 16 years (M = 7.25, SD =
6.60).

Table 1. Participant demographics, traumatic event details and clinical diagnoses.

Partici Age Traumatic Number Clinical diagnoses
pant event of
different
intrusive
memories

PTSD Agora PD* GAD* SAD* MDD*
ta phobia 2
P1 60s  Accident in 3 x) X
adulthood

P2 40s  Accident in 8 X X X X
adulthood

P3 50s  Accident in 6 (x) X
childhood
P4 30s Physical 5 X X
violence in
adulthood
P5 50s Physical 7 b ¢
and sexual
violence in
childhood
P7 30s Physical 7 X
and sexual
violence in
childhood*
P9 30s Physical 3 X X X X
and sexual
violence in
childhood
P10 30s Physical 3 (x) X
and sexual
violence in
childhood

Note: 'assessed with CAPS, Zassessed with MINI, subthreshold diagnoses are marked by (x). *One of
P7’s memories was from an accident in adulthood. *Post traumatic stress disorder. "Agoraphobia.
“Panic disorder. ‘Generalized anxiety disorder. “Social anxiety disorder. ‘Major depressive disorder.

[Insert Figure 1 here]
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Figure 1. Adapted CONSORT Flow Diagram for the study.

Study design

This study is a case series that used a single symptom approach in which one intrusive memory was
targeted at a time in different sessions [22,23,26]. Participants distinguished between different
intrusive memories with a brief description. For example, if a participant had 4 different intrusive
memories the labels for each might be as follows (a): angry face; (b): door opens; (c): clenched fist;
(d): blood (note: these examples are fictitious to protect anonymity). Participants then monitored the
occurrence of each intrusive memory over time. The study design was the same as in our previous
studies [22,23] and is described as a repeated AB design in which the length of the baseline (“A”
preintervention, monitoring only) and intervention phases (“B”) varied for each specific memory,
depending on which intervention session each memory was targeted in. Therefore, the baseline phase
for each individual memory was used as a control period to compare their numbers before and after
being targeted with the intervention.

Participants monitored the number of each intrusive memory in a daily diary for one week during
the baseline phase; over a 6-week period maximum during the intervention phase and then for one
week during 1-month and 3-month follow-ups. Intrusive memories were targeted one at a time in up
to 6 intervention sessions delivered remotely through a secure video platform. Participants could
self-administer the intervention after the first intervention session if they chose to for the memories
already targeted in session. The number of AB repetitions varied across participants, P1 received 3
repetitions, P2 received 4 repetitions, P3 received 2 repetitions, P4 received 3 repetitions, P5
received 2 repetitions, P7 received 6 repetitions, and P9 and P10 received 3 repetitions of AB design.

The primary outcome was the change in number of intrusive memories per week from baseline to
the intervention phase, and to the longer-term follow ups (1- and 3-months). Participants also
completed self-report measures for posttraumatic stress, depression and anxiety symptoms, and

functional impairment (secondary outcomes) at baseline, the last intervention session, and the 1-
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month and 3-month follow-ups.

Procedure

All sessions were delivered remotely through Kara Connect, a GDPR compliant online platform
allowing videoconferencing, certified by the Icelandic Directorate of Health. All data were recorded
on a laptop computer using the REDCap database (Research Electronic Data Capture), an encrypted,
electronic software, and stored on secure servers [32]. The intervention was delivered by clinical
psychologists (KT and JPH) who are experts in trauma-focused cognitive-behavior therapy, one
master level student in clinical psychology and 2 bachelor’s degree graduates.

Training of researchers in intervention delivery

All people delivering the intervention underwent training, feedback and continued clinical
supervision from researchers/clinical psychologists (EAH and MK who are experts in this
intervention) to promote adequate intervention delivery and protocol adherence. Training for the
clinical psychologists (N =2) included two in-vivo workshops, the first for three days and then again
approximately six months later for two days delivered by psychologists with expertise in developing
and delivering the intervention in other settings, [22,23]. The students (master level student and the
bachelor’s degree graduate, (N = 3) participated in training workshops remotely via online video
sessions. The workshops included topics such as theoretical background, practical aspects (including
how to explain and use the primary outcome measure) as well as roleplaying with trainers, with
individual feedback provided until adequate performance was reached. Furthermore, all persons
delivering the intervention received ongoing clinical supervision and support after each session via
telephone from a clinical supervisor and in weekly group supervision meetings (EAH, MK and
ASB).

Baseline session

Consistent with our procedure in previous studies [22,23], the researchers gave a brief description of

intrusive memories in the baseline session. Participants then identified each of their different
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intrusive memories by giving a short verbal account of their visual content, using only a few words.
Participants then labelled each intrusive memory with a symbol (e.g., first memory labelled “A”,
second memory “B” etc.) and then were instructed on how to monitor their occurrence in a daily
diary (primary outcome measure). Participants indicated the frequency of each memory with the
corresponding symbol in a specific time frame of that day. Each diary included seven days and each
day four time periods (see Measures), the baseline phase was one week in duration. Participants also
completed baseline questionnaires in the baseline session (see under ‘secondary outcomes’).
Intervention sessions
In each intervention session (six sessions maximum,; intervention phase six weeks maximum) the
participants selected one memory at a time to target that week, and completed the intervention
procedure, guided by the researcher. The memory reminder here was the same one that was used in
Thorarinsdottir et al. [22,23](2021; 2022) where the participants were asked to briefly bring the
visual content to mind without it becoming emotionally overwhelming. Participants were then taught
how to use mental rotation and practiced before they played the Tetris® computer game while using
mental rotation for 25 minutes (i.e., visualizing where to place and rotate game pieces before being
played; for further information see Holmes et al., 2019, chapter 11[17]). Participants played Tetris®
online (http://tetris.com/) on their computer (with marathon mode, selecting in the menu “ghost piece
off” and sound set to 0%). Participants used share screen mode on Kara Connect (videoconferencing)
so the researcher could watch the participant playing and give feedback on using mental rotation
throughout the duration of gameplay. Between sessions, the participants were invited to play Tetris®
at home in the same way as in sessions (i.e. playing for 25 minutes using mental rotation), using
either their smartphone or computer, for already targeted intrusive memories, when an intrusion
came to mind involuntarily. In the last intervention session, participants completed post-intervention

measures.
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Follow-up

At the 1-month and 3-month follow-ups, participants monitored the occurrence of intrusive

memories in a daily diary for one week and completed follow-up measures.

Measures

Eligibility assessments (part of the SAGA cohort sub-study)
The Clinician Administered PTSD Scale (CAPS-5) is a 30 item semi-structured interview that

assesses PTSD diagnosis and symptom severity in the past month, according to the PTSD criteria in
the Diagnostic and Statistical Manual of Mental Disorders [31]. Each item is scored on a 5-point
Likert scale (0 = mild/subthreshold; 4 = extreme/incapacitating) with a symptom rating of 2 (i.e.,
moderate) as a threshold for a possible diagnosis. The CAPS-5 has excellent internal consistency
(Cronbach’s alpha = .88), test-retest reliability (0.83) and good convergent validity (.83) [33].
The MINI International Neuropsychiatric Interview (MINI) is a short, structured interview
designed to assess Axis I psychiatric disorders according to the DSM-4. The interview has been
shown to have good sensitivity and specificity for most diagnoses as well as good inter-rater
reliability (x = 0.88—1.0) and test-retest reliability (k = 0.76-0.93;[34,35].
Primary Outcome Measure

Intrusive memory diary. The intrusive memory diary was adapted from previous studies
[18,20,36]. The number of intrusive memories was recorded in a daily pen-and-paper diary of four
time points per day (morning, afternoon, evening, and night) for each week. The diary included a
definition of intrusive memories of trauma as being mental images (pictures or a film clip in the
mind’s eye) that occur involuntarily and cause distress. The participants are instructed not to record
voluntary thoughts about the trauma or verbal thoughts without imagery. The participants monitored
the occurrence of their intrusive memories daily for one week (baseline phase); for 6 weeks while
intervention sessions were administered; and again, for one week at 1-month and 3-month follow-

ups. Participants noted which intrusions came up, allowing us to investigate the change in frequency
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of each individual intrusive memory. The primary outcome was the number of intrusive memories
from baseline phase to the intervention phase, and again to 1- and 3-month follow ups.
Secondary Outcome Measures

PTSD symptoms were assessed with the Posttraumatic Stress Disorder Checklist (PCL-5), a
brief 20-item self-report scale that assesses the severity of PTSD symptoms in the past month
according to the DSM-5 criteria for PTSD [37]. Symptoms are rated on a 4-point Likert scale (0= not
at all; 4= extremely). The scale has been shown to have good internal consistency and test-retest
reliability as well as good convergent and discriminant validity [37]. The Icelandic translation of the
PCL-5 also has excellent internal consistency (a = .95) in the SAGA cohort study. A score of 33 on
the PCL-5 is considered likely to detect PTSD cases according to DSM-5 and a score of 24 or below
post-treatment is considered clinically significant [38].

Depressive symptoms were assessed with the Patient Health Questionnaire-9 (PHQ-9), a 9-
item self-report measure of depression symptoms in the past two weeks, according to the DSM-5
criteria [39]. Each item is rated on a 4-point Likert scale (0= not at all; 3= nearly every day). The
PHQ-9 has good internal reliability (a = ranging from .86-.89) and good test-retest reliability (r
=.84;[39]. The Icelandic version had good internal consistency in the SAGA cohort study (a = .89).
A 5-point change on the PHQ-9 from pre- to post-treatment is considered clinically significant [40].

Anxiety symptoms were assessed with the Generalized Anxiety Disorder-7 scale (GAD-7), a
brief self-report questionnaire that screens for symptoms of GAD and their severity in the past two
weeks. Each item is scored on a 4-point Likert scale (0= not at all; 3= nearly every day). The GAD-7
has good test-retest reliability (r = .83) and good convergent validity [41]. The Icelandic version has
excellent internal consistency in the SAGA cohort study (a = .90). A 4-point change on the GAD-7
from pre- to post-treatment is considered clinically significant [42].

Functional impairment was assessed with the Sheehan Disability Scale (SDS), a self-report

questionnaire used to assess functional impairment in the past week across three domains: (1)
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work/school, (2) social, and (3) family life [43]. These domains are measured on an 11-point scale
(0= not at all; 10= extremely) which was adjusted to assess functional impairment associated with
intrusive memories. The SDS has good internal consistency (« = .89) and construct validity [43], as
well as the Icelandic version having good internal consistency in clinical groups (a = .84; [44]. A 3-
point change on the SDS has been used as a measure of treatment response [45].

Self-guided adherence for the usage of the intervention in daily life was assessed with a
question regarding how often Tetris was played after experiencing an intrusive memory (11-point
scale; 0 = not at all; 10 = every time).

Feasibility and acceptability for using a gameplay intervention to reduce intrusive memories
were assessed with two self-rated items: “Would you recommend playing Tetris to a friend?” and
“Do you consider gameplay to be an acceptable way to reduce the daily frequency of intrusive
memories?” (10-point scale, higher score indicating greater acceptability/feasibility). In addition, two
open-ended questions were asked: “How did you feel about playing Tetris after you had an intrusive
memory?” and “Did you find the intervention helpful? If yes, how?”

The impact of intrusive memories on concentration, sleep, and stress was assessed with six
self-rated items regarding the past week: Two items assessing difficulties with concentration in
general and due to intrusive memories (11-point scale; higher scores indicating more difficulties);
duration of disruption following an intrusive memory (<1 minute to > 60 minutes), two items
assessing sleep difficulties due to intrusive memories (11-point scale; higher scores indicating more
sleep difficulties), and one item assessing how much intrusive memories affected stress levels (0 =
not at all; 10 = affected very much).

Ratings of general impact of intrusive memories involved two items on an 11-point scale
(0= not at all; 10= very distressing/vivid), one assessing distress caused by intrusive memories and
the other assessing how vivid they were in the past week.

Intrusion diary adherence was assessed with one item: “How accurately did you fill out the

https://preprints.jmir.org/preprint/72748 [unpublished, peer-reviewed preprint]



JMIR Preprints Thorarinsdottir et al
diary?” (0 = not at all; 10 = very accurately).

Impact of intrusive memories on daily functioning was assessed with two questions; one
was open-ended: “Have the intrusive memories affected your ability to function in your daily life in
the past week? If yes, how?” and the other one was self-rated: “Have the intrusive memories affected
your ability to function in your daily life?” (11-point scale, higher score indicating greater impact on

functioning).

Data analysis

Change in the total number of intrusive memories. Number of intrusive memories of trauma
were recorded by participants in a diary daily (morning, afternoon, evening and night) during the
baseline phase, for one week and each week during the intervention phase (weeks 1-6) and during
one week at one month and three-month follow-up. The primary outcome was the change in the
number of intrusive memories of trauma. The timeframe was baseline week, to the intervention
phase (weeks 1-6), and to follow-up (1-month and 3-month). In practice, due to scheduling reasons,
in some instances, the baseline phase was longer than 1 week, and as anticipated, the number of
intervention weeks varied. Therefore, since these periods had different time lengths, the mean
number per week was calculated for comparability. Missing data were dealt with by excluding these
time points from the calculations (see Results section).
When examining change over time, percentage reduction in total intrusions per week was calculated
from the baseline phase to intervention phase to other time periods as following [1 - (mean number
per week during intervention phase/mean number per week during baseline)] * 100). For example,
for one participant there were 19.87 intrusions per week in the baseline phase and 3.75 intrusions per
week in the intervention phase, this was calculated as [1 - (3.75 / 19.87)] x 100 = 81.09% reduction
in the intervention phase compared to baseline.

Change in the number of targeted intrusive memories relative to non-targeted memories.

Next, we examined the data per intrusive memory. Specifically, we examined the number per week
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of targeted memories in comparison to non-targeted ones. This was done by calculating the number
in the same way as described above for targeted memories (i.e., each of the targeted memories has
different baseline and intervention periods). However, a standard baseline and intervention periods
were established for non-targeted memories (i.e. same length of periods for all non-targeted
memories) since they were not targeted with the intervention. The baseline for each non-targeted
memory was one week (i.e., before any memory was targeted) and the intervention phase was
determined as the period from when any memory was targeted with the intervention.

Change in other symptoms and functioning. A descriptive approach was used to investigate
whether clinically meaningful changes were observed in overall symptoms of posttraumatic stress,

depression, anxiety, and functional impairment.

Ethics statement

The study was approved by the National Bioethics Committee in Iceland (No:
VSNb2017110046/03.01). All participants provided their written and informed consent. All sessions
followed a written protocol. No adverse events related to the intervention were reported by

participants.

Open Science statement

The study was preregistered prior to study start on ClinicalTrials.gov (NCT04209283) on 2020-11-
03. Anonymized summary-level data are reported in this manuscript. Study materials may be made
available upon reasonable request with an appropriate material transfer agreement (MTA) with
Uppsala University (for the imagery competing task intervention and diary) or University of Iceland
(all other measures). We note that delivery of this intervention at present requires the prerequisite

training and supervision by psychologists with experience of developing it (see Procedure: Training).

Results

Participants had varying numbers of intrusive memories at baseline (see Table 1 and Figure 2 for an
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overview). P1 monitored the frequency well but data were missing for day 8 during baseline and for
days 16-17 during the intervention phase. P2 monitored the frequency accurately with no missing
data. P3 monitored the frequency quite accurately but data were missing for day 7 during baseline
and for days 20-21 and day 25 during the intervention phase. P4 monitored the frequency accurately
with no missing data. P5 accurately monitored the frequency of her intrusive memories with no
missing diary data. P7’s diary data were missing for day 22 during the intervention phase. P9 had
missing diary data for eight days during the intervention phase (day 36 — 43) and P10 had no missing
diary data. No attempts were made to retrieve missing diary data, 97.5% of diary data was completed

for all eight participants.

Primary outcome
Change in the total number of intrusive memories.

[Insert Figure2 here]

Figure 2. Total number of intrusive memories per day for each participant across phases; baseline, intervention, and
follow-ups. Graphs for visual inspection of primary outcome data for each participant (on the y axis as total number of
intrusive memories per day, i.e., for all distinct memories combined). Days since study start are shown on the x-axis,
which includes baseline (grey), intervention (white), and follow-up periods (light grey). Dashed vertical lines show when
each intervention session was administered, and which specific traumatic memory was targeted. Memories are labelled in
order of when they were targeted (e.g., ‘Memory A’ was targeted in the first intervention session). Dotted vertical lines
show the 1-month and 3-month follow-up periods. Gaps in the time series represent missing data.

The total frequency per week for all intrusive memories during each phase for each participant
(baseline, intervention, 1-month, and 3-month follow-up) can be seen on Figure 2. It should be noted
that each figure shows the frequency of intrusive memories over the whole week after the baseline
session (leading up to the first intervention session), and the frequency of intrusive memories the
week after the first intervention session etc. Visual inspection for P1 shows that after the first
intervention session the total frequency of intrusions was reduced. The frequency continued to drop
during the intervention phase and was zero at the follow-up periods. Visual inspection for P2 shows
fluctuations in frequency over the intervention phase and an increase in frequency at follow-up.
Visual inspection for P3 shows a noticeable drop in frequency after the first intervention session

followed by an increase after the second session. However, the frequency goes down in the third
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session and increases slightly over the rest of the intervention phase. The frequency increases at 1-
month follow-up and then decreases again at 3-month follow-up. For P4, visual inspection shows the
frequency of intrusions reducing after the first intervention session and remaining stable with some
fluctuations over the intervention phase. The reduction is maintained at 1-month follow-up. Visual
inspection for P5 shows the frequency going down after the second intervention session and
continuing to reduce over the intervention phase, although that reduction is not maintained during
follow-up. For P7 there are fluctuations in the number of intrusive memories until after the fifth
intervention session where there is a clear drop in the frequency which is maintained through the
follow-up periods. Visual inspection for P9 shows fluctuations in the number of intrusive memories
from baseline, throughout the intervention period but the frequency is reduced at the 3-month follow-
up period. For P10 the frequency seems reduced after the first intervention session and continues to
drop after the third intervention session, the number of intrusive memories is zero after the fifth
intervention session and remains so for the follow-up periods.

The mean number of targeted and non-targeted intrusions per week at the baseline phase,
intervention phase, at 1-month and 3-month follow-up is shown in Table 2. Overall, the number of
intrusive memories reduced for all participants from the baseline phase to the intervention, although
the reduction was minimal for 2 participants. The range of percentage reduction from baseline to post-
intervention varied from 6.3% to 93.3%. For five out of eight participants the percentage reduction
was larger at 1-month follow-up than postintervention from baseline, ranging from 27% to 100%.
For six out of eight participants the percentage reduction was larger at 3-month follow-up than
during the intervention phase compared to baseline, ranging from 58.3% to 100%. For P2 the number
of intrusive memories was roughly the same at 3-month follow up as at baseline (26 intrusive
memories per week). The number of intrusive memories for P5 was higher (3 memories per week) at

the 3- month follow-up than during the intervention phase (0.5 memories per week).

Table 2. Mean number of intrusive memories and percentage reduction per week across all phases;
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baseline, intervention, at the 1-month, and the 3-month follow-ups and total targeted- and non-
targeted intrusions for each participant.

1- 3-
T Baseline Intervention % month % month %
(A) (B) reduction follow- reduction follow reduction
up -up
P1 Total 28.6 2.5 91.4% 0 100 0 100%
Total 28.6 2.5 0 0
targeted
Total non- - - - -
targeted
P2 Total 26.2 23.2 11.3% 44 -68.1% 26 -
Total 212 14.7 21 20
targeted
Total non- 5 8.6 23 6
targeted
P3 Total 17.1 10.1 41.0% 15 12.3% 10 41.5%
Total 13.6 8.5 2 10
targeted
Total non- 3.5 1.6 13 0
targeted
P4 Total 50.3 28.9 42.5% 19 62.2% - -
Total 47.3 27.8 19 - -
targeted
Total non- 3 1.1 0 - -
targeted
P5 Total 75 0.5 93.3% 5 33.3% 3 60.0%
Total 6.5 0.5 3 3
targeted
Total non- 1 0 2 0
targeted
P7 Total 32 24.1 24.8% 11 65.7% 9 71.9%
Total 27 21.3 11 8
targeted
Total non- 5 2.8 0 1
targeted
P9 Total 9.6 9 6.3% 7 27.1% 4 58.3%
Total 9.6 9 7 4
targeted
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P10

Total non- - - - -
targeted
Total 19.9 3.8 81.1% 0 100% 0 100%

Total 19.9 3.8 0 0
targeted
Total non- - - - -
targeted

Change in the number of targeted intrusive memories relative to non-
targeted memories.

The number of targeted and non-targeted intrusions per week at baseline, post-intervention, at
1-month, and 3-month follow-up, is displayed in Table 2. The mean number of individual targeted
memories was 8.95 per week in the baseline phase and reduced to 6.11 per week over the
intervention phase. The mean number of individual non-targeted memories was low or 2.74 per week
in the baseline phase and reduced to 2.67 memories per week in the intervention phase. The number
of individual targeted memories continued to reduce at 1-month follow-up week to 2.33 and the
number of non-targeted reduced to 1.80 at 1-month follow-up. At the 3-month follow-up week the
mean number of individual targeted memories was further reduced to 1.67 and the mean of

individual non-targeted memories was reduced to 0.33.

Secondary outcomes
Ratings of adherence and general impact of intrusive memories.

The participants filled out the intrusion diaries quite accurately throughout the study (mean
rating was 8.7/10, SD = 1.16). The participants rated their intrusions in general as becoming less
vivid and distressing over the intervention and follow-up phase. Seven out of the eight participants

self-administered the intervention at home during the intervention phase.

Feasibility and acceptability for using a smartphone gameplay
intervention.

All participants rated the intervention to be an acceptable way to reduce the frequency of

intrusive memories (M = 9.5; SD = 0.8).
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Self-report measures on PTSD, depressive and anxiety symptoms and
general functioning.

The participants filled out questionnaires for PTSD, depressive and anxiety symptoms and
general functioning at baseline, after the last intervention session and at follow-ups; see Table 3. For
the participant group, there was a reduction in PTSD symptoms for participants from a score of 47.6
at baseline measures on the PCL-5 to a score of 32.8 post-intervention.

The scores were further reduced in the 1-month follow- up to 27.9 and to 27.0 at the 3-month
follow-up. Depressive symptoms were reduced from 12.9 at baseline to 9.9 post-intervention,
although slightly elevated at the follow-up phases (10.4 at 1 month follow-up and 10.3 at 3-month
follow up). Anxiety symptoms reduced from 10.8 at baseline to 6.6 post-intervention and remained
stable at 6.4 at the 1-month follow-up but were slightly increased to 7.7 at the 3- month follow-up.
Functional impairment was reduced in a clinically significant way for participants from 18.3 at
baseline to 10.4 post-intervention. At follow-ups, the reduction in impairment in functioning related
to the intrusions continued to drop to 9.6 at 1-month follow-up and to 7.4 at the 3-month follow-up
(see Table 3).

Table 3. Self-report measures for secondary outcomes and impact of intrusive memories on
concentration, sleep, stress, and daily functioning mean for all participants.

Baseline Post- 1-month follow-

Y . > . 3-month follow-up
Item interview intervention up M (SD)

M (SD) M (SD) M (SD)
PCL-5* 47.6 (15.2) 32.8 (16.5) 27.9 (19.4) 27.0 (17.9)
PHQ-9" 12.9 (8.0) 9.9 (6.7) 104 (7.1) 10.3 (7.4)
GAD-7¢ 10.8 (4.5) 6.6 (4.8) 6.4 (4.8) 7.7 (5.4)
SDs¢ 18.3(8.2) 10.4 (5.7) 9.6 (8.0) 7.4 (7.0)
Concentration® 5.9 (1.7) 2:512.2) 2.9(2.2) 2.6 (2.1)
General 7.0 (1.7) 44(2.9) 45(34) 44(32)
concentration R T R A
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dDi::EEanﬁ ok 23(1.2) 1.8 (0.7) 1.4(0.7) 0.7 (0.5)
Sleep" 4.8(2.9) 1.5 (2.6) 1.9 (2.8) 13(2.2)
Nightmares' 2.8 (3.6) 1.9 (2.9) 1.3 (2.6) 1.3 (2.4)
Stress 5.8 (2.4) 3.4(25) 2.8(2.3) 2.4(1.9)
Daily functioning* 44(32) 2.0 (L.9) 2.3(L9) 2.1(18)

Note. *The Posttraumatic Stress Disorder Checklist; scores ranging from 0 — 80; "The Patient Health
Questionnaire-9; scores ranging from 0 — 27; “The Generalized Anxiety Disorder scale; scores
ranging from 0 — 21; ® The Sheehan Disability Scale; scores ranging from 0 (unimpaired) to 30
(highly impaired). ‘In the past week, how much did your intrusive memories disrupt your
concentration? 0 = not at all disruptive; 10 = extremely disruptive; Tn the past week, how much
difficulty did you have concentrating generally? 0 = no difficulty concentrating; 10 = extremely
difficult to concentrate; *When you had an intrusive memory, how long did it disrupt your
concentration (in minutes), in the past week? 0 (<1 min); 5 (>60 min); "Did your intrusive memories
interfere with sleep during the night in the past week? 0 = not at all; 10 = interfered very much; 'Did
you experience any nightmares that interfered with your sleep during the night in the past week? 0 =
did not experience any nightmares; 10 = experienced a lot of nightmares; 'In the past week, did your
intrusive memories affect how stressed you felt? 0 = not at all; 10 = affected very much; “Have the
intrusive memories affected your ability to function in your daily life? 0 = not at all; 10 = affected
very much.

Impact of intrusive memories on concentration, sleep, stress, and daily
functioning.

Table 3 also shows ratings of the impact of intrusions on concentration, stress, sleep and daily
functioning during all phases. Concentration difficulties related to the intrusions were lowered from
baseline to post-intervention and were maintained at follow-up. Ratings on concentration in general
showed a similar pattern. The effect on estimated duration of disruption following an intrusion was
reduced from 2.3 at baseline to 1.8 post-intervention, to 1.4 at 1-month follow-up and to 0.7 at 3-
month follow-up. The effect the intrusive memories had on sleep reduced from 4.8 at baseline to 1.5
post-intervention. These improvements on sleep were maintained at follow-up. Participants’
nightmares reduced from baseline to post-intervention and to follow-up phases. Participants reported
less stress related to the intrusive memories post-intervention (3.4) compared to baseline (5.8), which

continued to reduce to 2.8 at 1-month follow-up and to 2.4 at 3-month follow-up. The impact that
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intrusive memories had on the ability to function in daily life was 4.4 at baseline and was reduced to

2.0 post-intervention, this reduction was maintained at follow-up phases.

Discussion

In this case series, we built on our previous case study (N=1) [22] and case series (N= 3) [23] and
further investigated the effects of a novel intervention to reduce intrusive memories of past trauma.
The total number of intrusive memories (primary outcome) of trauma occurring years earlier were
reduced from baseline to the intervention phase among six out of eight participants (25% to 93%
reduction). For five out of eight participants the number of intrusive memories continued to reduce to
follow-up phases. Two participants reported zero intrusions at follow-up. In general, the frequency of
targeted intrusions reduced more than non-targeted intrusions.

The overall trend for secondary outcomes was that symptoms of PTSD, depression and anxiety
reduced significantly for most participants from baseline to post-intervention and symptoms
continued to reduce to follow-ups for most of them. Symptoms were reduced in a clinically
significant way on the measure of anxiety, but not on measures of PTSD and depression. Functional
impairment was improved for participants and continued to improve at follow-up phases.
Participants reported less stress related to intrusive memories and their sleep was improved. The time
intrusive memories interrupted concentration was lessened from approximately 30-minute disruption
at baseline to approximately 5-10 minutes post-intervention and continued to reduce to at about 1-5-
minute disruption at the 3-month follow-up. The effect intrusive memories had on participants’
ability to function in daily life was also improved from baseline to post-intervention and this
improvement was maintained at follow-up.

Findings for the primary outcome are similar to Kessler et al. 2018 [26] (reduction of 64%
overall), and our previous case study [22] and case series [23] where the reduction in the number of
intrusive memories ranged between 38% and 56%. This findings also follow the same trend as the
results found in Kessler et al. 2018 [26] in which targeted intrusions reduced by 64% and non-
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targeted intrusions by 11%. However, it should be noted that here the number of non-targeted
intrusions was very low at baseline. Overall, the longer-term follow up results on symptoms
reduction over time are in accordance with our previous case study [22] and case series [23]. These
results suggest the potential longer-term effects on intrusions, which could be due to the simplicity of
self-administered use of the intervention, giving participants the chance to use it independently if
needed once they have been taught how to use it.

Future research should explore whether self-guided use that extends to all intrusive memories
instead of just targeted ones would result in greater reductions in intrusive memories. It is not clear
why two participants did not experience clear treatment gains. More research is needed with larger
samples in order to determine predictors of treatment response and hopefully to adjust the
intervention if needed to different groups.

Follow-up results may suggest that clinically targeting core symptoms like intrusive memories in
PTSD can have effects on other symptoms in the symptom network [46,47].1t should be highlighted
that in the current study all sessions were carried out remotely and all participants found the
intervention to be an acceptable way to reduce intrusive memories and that they would certainly
recommend it to a friend, similar to previous research [22,23]. Delivery of the intervention in person
does not seem to be essential and remote delivery appears acceptable and effective.

This intervention developed to target one symptom of PTSD does not include some of the
barriers that current PTSD treatment entails, including patients” reluctance to recall the traumatic
event in detail, high cost and geographical barriers [11]. In the current case series, the intervention
was delivered completely remotely, removing geographical constraints, thus being able to reach
people regardless of their location or situation (e.g., in quarantine during the COVID-19 pandemic;
[28]). Results to date are promising. However, future research should move toward larger scale
testing, and comparing the remotely delivered intervention to a credible control task.

Critically, taking one step further towards simplicity, the intervention was delivered to four
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participants (half of participants) by a master level student and two bachelor degree graduates, i.e.
not mental health professionals, after receiving training in the intervention. This did not affect the
results, which indicates that non-specialists in trauma therapy could successfully deliver the
intervention after appropriate training. Treating people post-trauma without the need for a mental
health specialist (as only some of our researchers were clinically qualified) is a novel contribution of
the current research study. And one that if tested further in an RCT could help improve the scalability
of treatment delivery. It is important to test this intervention with case series involving other groups,
such as men and more diverse populations, before moving on to an RCT which could help improve
the scalability of treatment delivery. This could mean after RCT validation that the intervention could

benefit other groups after trauma for example regarding ethnicity and gender.

Limitations

This case series included participants of one group (Icelandic women), as well as including a
small sample size, therefore limiting the generalizability of results. Furthermore, we cannot estimate

the effects of common factors of treatment as we did not include a credible control task.

Conclusions

When delivered remotely, and by non-mental health professionals, this imagery competing
task intervention (including a brief memory reminder cue + Tetris gameplay with mental rotation)
showed promising results in reducing the frequency of intrusive memories for women with trauma
that could be from many years back. Results confirm and extend previous studies involving older
trauma memories. Targeting intrusive memories of trauma appeared to impact PTSD, depression and
anxiety symptoms (secondary outcomes), which may suggest that such targeted efforts can have
effects on other symptoms in the symptom network. Delivering the intervention remotely was
feasible and acceptable to all participants. Participants opted for varying numbers of intervention

sessions (ranging from three to six sessions). It would be interesting to explore whether similar gains
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could be achieved with fewer sessions. Furthermore, it should be explored how psychoeducation
could be added to the intervention package in the form of simple videos explaining how intrusive
memories are formed and how the intervention works and why it can be effective — further moving
the intervention delivery towards self-guided delivery. The next steps in developing the intervention
and assessing its effectiveness could include fewer sessions, less researcher support, and having non-
mental health professionals deliver the intervention. Although the results are promising these
findings are preliminary since the efficacy of the intervention needs to be validated with a larger

scale RCT comparing the intervention to a credible control task.
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Adapted CONSORT Flow Diagram for the study.
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Total number of intrusive memories per day for each participant across phases; baseline, intervention, and follow-ups.
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