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ABSTRACT
Background: Intrusive memories form a core symptom of Posttraumatic Stress Disorder
(PTSD). Based on concepts of visuospatial interference and memory-updating accounts,
technological innovations aim to attenuate such intrusions using visuospatial interventions.
Objective: This study aims to test the effect of a visuospatial Tetris-based intervention versus a
verbal condition (Wiki) and a never-targeted control (no intervention) on intrusion frequency.
Method: A randomized crossover trial was conducted including N = 38 PTSD patients who had
at least 3 distinct intrusive memories of trauma. After both 2 weeks (intervention 1) and 4
weeks (intervention 2), one of the three memories was randomly selected and either the
visuospatial intervention (memory reminder of a traumatic memory + Tetris) or verbal
condition (reading a Wikipedia article + answering questions) was performed on their first
memory in randomized order. In the week 4 session, the patient conducted the other
intervention condition on their second memory (crossover). The third memory was never
targeted (no intervention). Daily occurrence of intrusions over 8 weeks was collected using a
diary and analysed using mixed Poisson regression models.
Results: Overall, there was no significant reduction in intrusion frequency from either
intervention compared to each other, and to no intervention control (relative risk Tetris/Wiki:
0.947; p = .31; relative risk no intervention/Tetris: 1.060; p = .15; relative risk no intervention/
Wiki: 1.004; p = .92).
Conclusions: There was no effect of either intervention on intrusions when administered in a
crossover design where participants received both interventions. Design shortcomings and
consequences for future studies are discussed.

Efecto de una intervención de interferencia visoespacial en las
intrusiones postraumáticas: un ensayo controlado aleatorizado cruzado

Antecedentes: Los recuerdos intrusivos constituyen un síntoma central del Trastorno de Estrés
Postraumático (TEPT). Basándose en conceptos de interferencia visoespacial y capacidad de
actualización de la memoria, las innovaciones tecnológicas buscan como objetivo atenuar
tales intrusiones, utilizando intervenciones visoespaciales.
Objetivo: Este estudio tiene como objetivo evaluar el efecto de una intervención visoespacial
basada en el Tetris, en comparación con una condición verbal (Wiki) y un grupo control sin
intervención (ninguna intervención), sobre la frecuencia de las intrusiones.
Método: Se llevó a cabo un ensayo aleatorizado cruzado, que incluyó N = 38 pacientes con TEPT,
que tenían al menos 3 recuerdos intrusivos distintivos de trauma. Después de 2 semanas
(intervención 1) y 4 semanas (intervención 2), se seleccionó al azar uno de los tres recuerdos y
se realizó la intervención visoespacial (recordatorio de un recuerdo traumático + Tetris) o la
condición verbal (lectura de un artículo de Wikipedia + responder preguntas) realizado sobre su
primer recuerdo en orden aleatorio. En la sesión de la semana 4, el paciente realizó la otra
condición de intervención (cruzado), sobre su segundo recuerdo. El tercer recuerdo nunca fue
intervenido (sin intervención). La ocurrencia diaria de intrusiones durante 8 semanas se recopiló
mediante un diario y se analizó utilizando modelos de regresión mixtos de Poisson.
Resultados: En general, no hubo una reducción significativa en la frecuencia de las intrusiones
a partir de ninguna de las intervenciones comparadas entre sí, y tampoco con el control sin
intervención (riesgo relativo Tetris/Wiki: 0.947; p = .31; riesgo relativo sin intervención/Tetris:
1.060; p = .15; riesgo relativo sin intervención/Wiki: 1.004; p = .92).
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HIGHLIGHTS
• Visuospatial interventions,
including the computer
game Tetris, have been
studied as a potential
means to decrease
intrusive memories, a core
feature of Posttraumatic
Stress Disorder.

• In this study, two
interventions are tested in
a crossover design with
patients with intrusive
memories after traumatic
experiences.

• There was no effect of
either the visuospatial
intervention or the verbal
condition in this design.
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Conclusiones: No hubo un efecto en ninguna de las intervenciones sobre las intrusiones,
cuando se administraron en un diseño cruzado donde los participantes recibieron ambas
intervenciones. Se discuten las deficiencias del diseño y las consecuencias para estudios
futuros.

1. Introduction

Posttraumatic stress disorder (PTSD) has a high
world-wide prevalence (Atwoli et al., 2015; Kessler
et al., 2005), with recurrent intrusive memories of
trauma, which are involuntary and distressing, as the
core clinical symptom (American Psychiatric Associ-
ation, 2013; Kupfer & Regier, 2011). Existing treat-
ments are effective (Schäfer et al., 2019), but many
of them are limited in accessibility. For example,
even when a gold standard treatment such as
trauma-focused cognitive therapy is delivered in a
digital format rather than in person, the therapist
time was only halved (Ehlers et al., 2023). Further,
treatments such as prolonged exposure or other
trauma-focused cognitive therapies can require highly
qualified therapists to be delivered, are time-consum-
ing, costly and typically imply significant emotional
distress whereby patients narrate their trauma in detail
as part of the therapy (Schäfer et al., 2019). In contrast,
treatments like Narrative Exposure Therapy (Ellis &
Jones, 2022; Neuner et al., 2008) can also achieve
good results with lay or semi-professional therapists,
and have been associated with fewer concerns about
emotional distress. There is evidence that trauma-
focused treatments can come with particularly high
drop-out rates, although this is still a topic of debate
(see, e.g. Imel et al., 2013). Hence, on a global scale,
the majority of patients do not receive any form of
treatment for PTSD (Schreiber et al., 2009), causing
enormous suffering and societal costs (Kessler , 2000).

Consequently, there is a need for new therapeutic
approaches that (1) are widely available and free/
inexpensive for patients, (2) can be easily adminis-
tered (even by lay people rather than mental health
professionals), (3) are cost-efficient, (4) less distres-
sing and (5) effective. The approach presented here
meets these demands, as just one key symptom of
PTSD (intrusive memories) is targeted in a mechan-
istically-driven intervention (Holmes et al., 2009;
Singh et al., 2020). Further, the intervention is rela-
tively simple and could be provided by non-
specialists.

Since intrusions are mostly visual representations
of traumatic memories, visuospatial tasks have repeat-
edly been examined in tests of this emerging interven-
tion approach, guided by two concepts: dual-task
interference and memory-updating accounts. Tasks
conducted simultaneously compete for the same

limited working memory resources (Baddeley, 2012),
leading to an interference effect. Performing a visuo-
spatial task while simultaneously activating inner
mental images is thought to yield a weakening of the
vividness and emotionality of the latter (Baddeley &
Andrade, 2000; Engelhard et al., 2010). Memory-
updating (or reconsolidation) accounts posit that
already consolidated memories can be labilised by
reactivating them, and can then be modified within a
certain time window (Alberini, 2005; Nader & Einars-
son, 2010). Theoretically grounded in both interfer-
ence and memory-updating approaches, the aim is
to provide a memory reminder cue for a traumatic
visual memory, render it labile and let a concurrent
visuospatial task interfere with its so-called reconsoli-
dation to affect that specific memory fragment and
render it less intrusive. We have also developed
bespoke procedures to deliver this intervention
approach, informed by the type of patient preference
and context (e.g. Kessler et al., 2018).

Much experimental research on this approach has
used the computer game Tetris as a visuospatial task
within the framework of the ‘trauma film’ paradigm
(Holmes & Bourne, 2008; James et al., 2016). After
viewing a trauma film, healthy participants that played
Tetris after a reminder cue, had less intrusions com-
pared to e.g. verbal control conditions (e.g. Holmes
et al., 2009, 2010), with moderate to large effect
sizes. This effect is also apparent when the reminder
cue procedure plus Tetris was done at 24 h (James
et al., 2015) or even 72 h (Hagenaars et al., 2017; Kess-
ler et al., 2020) afterwards, with large effect sizes in
James et al. (2015), and moderate to large effect sizes
in Kessler et al. (2020). Since there was a reminder
of the intrusive memories shortly before playing
Tetris, those studies draw on the method steps
suggested by a memory-updating account (Visser
et al., 2018).

Furthermore, a small number of clinical studies
have now applied these novel behavioural interven-
tions to patients. Intrusion frequency could be
reduced for patients in an emergency room after
road traffic accidents in the UK (Iyadurai et al.,
2018) and Sweden (Kanstrup, Singh, et al., 2021) or
after traumatic childbirth (Horsch et al., 2017). In a
single case series with 4 refugees with PTSD, a novel
intervention containing Tetris led to a reduction of
intrusion frequency (Kanstrup, Kontio, et al., 2021).
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Since designing the current study, further studies are
emerging, including after traumatic childbirth
(Deforges et al., 2023), with an impact on PTSD at 6
months, and in intensive care healthcare staff exposed
to trauma in their work (Iyadurai et al., 2023; Rami-
neni et al., 2023).

A critical question is whether experimental and
early clinical studies typically applied very soon after
a traumatic event occurred, could also extend to
older long-standing memories of trauma that occurred
many years ago. In the first study of long standing
trauma many years old, 20 inpatients with complex
PTSD received weekly sessions including writing
down the content of a specific traumatic memory
and playing Tetris afterwards (Kessler et al., 2018).
The memory reactivation procedure was developed
together with the inpatients to ensure it was acceptable
to them, and involved their writing down the trauma
in a way they did not need to share with the exper-
imenter, and then shredding it. The intrusion fre-
quency of the memories that were targeted by this
intervention was reduced by on average 64% com-
pared to a reduction of only 11% for the memories
that were never targeted. This study from our group,
and the first on longstanding trauma, was promising
but had a major limitation: there was no control con-
dition to compare the experimental intervention with.

Hence, the current study is the first application of
this bespoke adaption of the novel behavioural visuos-
patial intervention from Kessler et al. (2018) with
inpatients, here in a within-patient randomized con-
trolled trial with outpatients suffering from trauma-
related disorders. Critical to our design is that one per-
son typically has more than one different intrusive
memory (Grey & Holmes, 2008). Distributed over 8
weeks, within one patient, three different intrusive
memories randomly received either the visuospatial
Tetris-based intervention, or a verbal condition
(Wiki), or no intervention at all.

The main hypothesis is that the visuospatial Tetris-
based intervention will lead to a significant reduction
in the frequency of intrusions of the targeted memory
compared to both the verbal condition (Wiki), and the
no intervention control.

2. Materials and methods

2.1. Participants

Study participants were recruited from the outpatient
unit of the Department of Psychosomatic Medicine
and Psychotherapy, LWL-University Hospital, Ruhr-
Universität Bochum. Inclusion criteria were: more
than 18 years of age, fulfil Criterion A of the DSM-5
diagnosis of PTSD, experience at least three distinguish-
able intrusive memories in the form of recurrent intru-
sions, sufficient knowledge of the German language.

Exclusion criteriawere: acute suicidal tendencies, severe
self-harming behaviour, substance abuse, or psychotic
symptoms within the last six months.

The study received approval from the Ethics Com-
mittee of the Medical Faculty of Ruhr-University
Bochum, Germany (Ref.-No. 20-6841). The study
was pre-registered with the ISRCTN registry
(ISRCTN17247193) on 13/11/2020, prior to start of
patient recruitment. We report how we determined
our sample size, all data exclusions (if any), all manip-
ulations, and all measures in the study. Data, study
materials, and the intervention manual are available
from the corresponding author upon request.

2.2. Procedure

The study was conducted as a within-patient random-
ized controlled trial (see below) with 4 study appoint-
ments (T0 – T3) over the course of 8 weeks (see
Figure 1). At T0, patients were asked to identify
three memories from (one or several) traumatic events
that occur regularly as intrusions (i.e. three intrusive
memories with different content). The three most dis-
tressing/frequent intrusive memories were chosen to
be monitored. These memories were numbered
(1–3), labelled with a keyword, and self-recorded
from then on. To continue the study and be included
in analyses, patients had to experience each of the 3
intrusive memories at least once per week in the
2-week baseline interval before T1.

At T1, patients received the first of two interven-
tions, specifically targeted on one of the three intrusive
memories defined (both, intervention and memory,
selected randomly, using REDCap software; Harris
et al., 2009; Harris et al., 2019): either the visuospatial
intervention (Tetris), or the verbal condition (Wiki).
Two weeks later (T2), patients received the other
intervention randomly targeted on one of the two
remaining intrusive memories. Four weeks later
(T3), patients returned to the lab for a short debriefing
questionnaire and collection of the intrusion diary.
The third (remaining) memory has thus never been
targeted (no intervention). Although we did not expect
any specific effects on intrusion frequency from the
verbal condition (Wiki), it would be possible to have
non-specific effects of receiving attention, being
taken care of, or other factors contributing to a Pla-
cebo effect. The memory that was never targeted was
therefore included in the diary to have a measure of
a ‘naturalistic’ course of intrusion frequency and to
have the possibility to compare it to both the verbal
Wiki-condition (as a measure of potential non-specific
effects) and the visuospatial Tetris-based intervention.

Note that in a standard cross-over design, the
different interventions are aimed at the same medical
condition, whereas in our within-patient design we
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randomly target different trauma memories within
each patient (Nair, 2019), see also Kessler et al. (2018).

2.3. Intrusion diary

A daily intrusion diary was used to record intrusion
frequency over the 8-week-course of the study. It
was adapted from versions used in previous studies
(e.g. Holmes et al., 2010; Iyadurai et al., 2018; Kessler
et al., 2018, 2020). The three defined intrusive mem-
ories at T0 were recorded separately to detect potential
specific effects of an intervention on that memory.

The diary was available both in paper (as in Kessler
et al., 2018) and optionally in digital form. The digital
version was implemented using the electronic data
capture system REDCap (Research Electronic Data
Capture; Harris et al., 2019; 2009). In the digital ver-
sion, patients received daily emails containing a
hyperlink to the digital intrusion diary, in which the
number of intrusions for each of the three memories
(and total number of intrusions of other memories)
were entered once every 24 h. If participants preferred
to use the paper version of the intrusion diary, they

were instructed to fill it in at least every 24 h (prefer-
ably at the same time of the day each time), but
were free to carry it with them and update it more
often (e.g. each time an intrusion occurred).

2.4. Visuospatial Tetris-based intervention

This intervention consisted of two phases, a memory
reminder procedure targeting one of the three trau-
matic memories (hypothesized to reactivate the mem-
ory and render it labile), followed by 25 min of Tetris
gameplay. First, patients were asked to create a written
report of the memory chosen randomly at the begin-
ning of the appointment (total duration ∼10 min).
The instruction was to describe the memory as visually
and vividly as possible with details to facilitate acti-
vation of the traumatic memory. Based on our pre-
vious research, and to help patients report on their
memories yet keep their writing private, participants
were told that the report would be directly destroyed
afterwards without anyone reading it. Afterwards,
they played the computer game Tetris (by
N3TWORK, 2020) on a 10.1-inch Samsung Galaxy

Figure 1. Study design.
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A6 Tablet Computer for 25 min. (for details see Kess-
ler et al., 2018). Patients were instructed to focus on
the ‘mental rotation’ aspect, and to play continuously
for the whole 25 min. The focus on ‘mental rotation’
was emphasized in order to maximize visuospatial
processing, which according to the theoretical foun-
dations of this experimental paradigm should create
a stronger interference effect due to competition for
limited working memory resources (see Introduction).

2.5. Verbal condition (Wiki)

In the verbal condition, patients were asked to read a
shortened Wikipedia article about Postage Stamps (in
German; Wikipedia, 2021) on a tablet computer and
were informed that they would have to answer mul-
tiple-choice questions afterwards. Estimated reading
time of the article was ∼30 min, and reading of the
article was interrupted after 30 min if participants
were not finished. Afterwards, participants were given
8 multiple-choice questions with 4 choice options (A-
D), which took about 5 min to answer. Hence, both
conditions were similar in mode of delivery (via tablet
computer) and duration (∼35 min). Finally, one of the
(remaining) intrusivememories was randomly selected
and patients were informed that the task had been
delivered to target that specific memory.

2.6. Power analysis

To calculate the sample size, an analogue Poissonmodel
has been fitted to data from a previous uncontrolled

before-after study with the visuospatial Tetris-based
intervention in our clinic (Kessler et al., 2018). In this
study, frequency of intrusions could be reduced by the
intervention with a relative risk of .63 compared to no
intervention. Additionally, a variance-covariance
matrix for random effects has been derived from this
model. Furthermore, for sample size determination
we assume that the effect of the verbal condition
(Wiki) is only half as strong as the observed effect of
the visuospatial Tetris-based intervention (on the addi-
tive scale of the linear predictor in the Poisson
regression) resulting in the assumption of a relative
reduction of 0.8 compared to no intervention. Running
a simulation with 1000 iterations (R package simr)
revealed a power of approximately 81% to detect differ-
ences between the visuospatial intervention and the ver-
bal condition (RR = 0.63/0.8; two-tailed testing with
type I error of 5%) with 40 study patients. Simulations
have been run at the department of Medical Infor-
matics, Biometry and Epidemiology of the Ruhr-Uni-
versity Bochum.

2.7. Statistical analysis

The main outcome variable was the number of intru-
sions per day, counted separately for each of the three
intrusive memories. Analyses were performed as Inten-
tion-to-Treat-analyses (ITT), including all patients who
had submitted data into the intrusion diary and were
randomized at T1. To test our hypothesis whether the
visuospatial Tetris-based intervention reduced intru-
sion frequency more than the verbal condition (Wiki),
a mixed Poisson regression was modelled, with inter-
vention type as a fixed effect and random effects for
patient (individual intrusion frequency), intrusive
memory (individual intrusion frequency per memory),
and day (variation in individual intrusion frequency per
day). Outcomes are reported as risk ratios.

Analyses were performed with R statistics, version
3.6.2 (R Core Team, 2013; Function glmer; CRAN,
Comprehensive R Archive Network, open-source)
with package Ime4 (Bates et al., 2015) and for the cal-
culation of contrasts package emmeans (Lenth, 2022).

3. Results

A total of N = 38 participants (of N = 68 recruited, see
Figure 1) were included in the Intention-To-Treat
analyses. The mean age of participants was 42.2
years (SD 13.3 years), N = 31 participants (81.6%)
were female. Mean time interval between the trau-
matic event(s) (in case of complex trauma calculated
using the last given time point) and study partici-
pation was 13.8 years (SD = 15.0 years). Demographic
characteristics, main diagnosis and comorbid diag-
noses, as well as previous treatments are reported in
Table 1.

Table 1. Demographic data and clinical background.
N = 38 %

Gender
Female
Male

31
7

81.6
18.4

Education level
Lower secondary education
Middle school
High school
None

11
9
17
1

28.9
23.7
44.7
2.6

Pre-treatment inpatient
Yes
No

21
17

55.3
44.7

Pre-treatment outpatient
Yes
No

26
12

68.4
31.6

Diagnosis
Posttraumatic Stress Disorder (ICD-10: F43.1)
Other Reactions to Severe Stress (ICD-10: F43.8)

34
4

89.5
10.5

Type of trauma
Type I (mono)
Type II (complex)

13
25

34.2
65.8

Comorbid disorders
Depression
Anxiety & panic disorder
Personality disorder
Bipolar affective disorder
Paranoid schizophrenia
None

31
16
6
1
1
3

81.6
42.1
15.8
2.6
2.6
7.9

Medication
Yes
No

20
18

52.6
47.4
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Intrusion frequencies at baseline were comparable
across experimental conditions (see Table 2). Please
see Table 2 for descriptive data of intrusion frequency
pre- and post-intervention over both interventions for
the whole group, as well as descriptive data with the
sample split in two subgroups, depending on which
intervention was delivered first (Tetris vs Wiki), in
order to identify possible order effects.

In the Poisson regression, it was observed that
the memory that received the visuospatial Tetris-
based intervention showed a non-significant rela-
tive risk reduction regarding intrusion frequency
of only 5.3%, compared to the memory that
received the verbal Wiki-condition (risk ratio:
0.947; 95%-CI: 0.85–1.05; p = .31). There also were
no significant differences between the no interven-
tion control and the visuospatial Tetris-based
intervention (risk ratio: 1.060; 95%-CI: 0.98–1.15;
p = .15), or between no intervention control and
the verbal Wiki-condition (risk ratio: 1.004; 95%-
CI: 0.93-1.09; p = .92).

4. Discussion

In this study, we applied the same behavioural ima-
gery-competing task intervention (here using a
bespoke reminder procedure previously developed
with inpatients, alongside Tetris gameplay) as in
Kessler et al. (2018), a case series study of inpatients
with complex PTSD. We have advanced the previous
initial findings by here using a within-patients RCT
with a larger patient sample (N = 38 vs. 20), and by
including both a verbal and a no intervention control
comparison. There was no significant difference
between the three conditions in this cross over
design.

It is possible that the lack of a significant result may
at least in part be due to methodological reasons. The
main advantage of our specific design within the

framework of RCTs is that it allows for relatively smal-
ler numbers of participants, as each participant
receives both conditions (within-patient design). At
this early stage of clinical research into our novel inter-
vention, we attempted to keep participant numbers
small for ethical and pragmatic reasons. As a major
drawback, this design may produce carry-over
effects: Since each participant received both interven-
tions just in a different order (and with only 2 weeks in
between), the intrusion frequency at T2 might have
been influenced by any of the two conditions without
being able to disentangle the effects. This assumption
is descriptively supported by the descriptive statistics
(Table 2) that the group playing Tetris when given
first in order had a reduction for both memories,
whereas the group reading Wikipedia at first had an
increase for the Wiki-targeted memory and virtually
no reduction for the memory targeted by Tetris (see
Table 2). Results show a different pattern for the
second type of intervention delivered raising the possi-
bility of carry-over effects. Hence, statistically, this
could have confounded results by introducing order
effects.

In order to further investigate the clinical potential
of our novel intervention approach, future studies
should apply a classical RCT design (two arms, each
one receiving just a visuospatial intervention or a con-
trol condition) to rule out carry-over effects, and also
because such an approach might be less demanding or
even less confusing than presenting multiple interven-
tion types to patients with complex PTSD. Future
studies also need to assess intrusive memories and
other symptoms of PTSD some time later, in order
to assess the development or improvement of the
symptomatology over longer periods of time.
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Table 2. Number of Intrusions / day.

N = 38

Mean Pre-
Intervention

(SD)

Mean Post-
Intervention

(SD) Change

Tetris (irrespective of
order)

2.02 (1.92) 1.92 (1.88) −5.0%

Wiki (irrespective of order) 2.12 (1.89) 2.02 (2.18) −4.7%
No Intervention (first 2
weeks vs last 2 weeks)

2.14 (2.22) 1.89 (2.19) −11.7%

Tetris as first intervention
(N = 21)

2.08 (2.12) 1.41 (1.44) −32.2%

Wiki as second
intervention (N = 16)

2.20 (1.98) 1.44 (1.61) −34.5%

Wiki as first intervention
(N = 17)

2.41 (2.40) 2.56 (2.60) +6.3%

Tetris as second
intervention (N = 15)

2.10 (1.36) 2.02 (1.55) −3.8%

Note: In the study design, 3 memories were selected: one was targeted
with Tetris, one was targeted with Wiki, and one was never targeted
(no intervention). Descriptive level data is presented in relation to poten-
tial order effects.
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