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Abstract
Background: Neural alterations related to treatment outcome in patients with both post-traumatic stress disorder
(PTSD) and comorbid personality disorder are unknown.
Here we describe the protocol for a neuroimaging study of treatment of patients with PTSD and comorbid
borderline (BPD) or cluster C (CPD) personality disorder traits. Our specific aims are to 1) investigate treatmentinduced neural alterations, 2) predict treatment outcome using structural and functional magnetic resonance
imaging (MRI) and 3) study neural alterations associated with BPD and CPD in PTSD patients. We hypothesize that
1) all treatment conditions are associated with normalization of limbic and prefrontal brain activity and
hyperconnectivity in resting-state brain networks, with additional normalization of task-related activation in emotion
regulation brain areas in the patients who receive trauma-focused therapy and personality disorder treatment; 2)
Baseline task-related activation, together with structural brain measures and clinical variables predict treatment
outcome; 3) dysfunction in task-related activation and resting-state connectivity of emotion regulation areas is
comparable in PTSD patients with BPD or CPD, with a hypoconnected central executive network in patients with
PTSD+BPD.
(Continued on next page)

* Correspondence: inga.aarts@sinaicentrum.nl
1
Sinai Centrum, Amstelveen, The Netherlands
2
Department of Anatomy and Neurosciences, Amsterdam Neuroscience,
Amsterdam UMC, Vrije Universiteit Amsterdam, De Boelelaan, 1117
Amsterdam, Netherlands
Full list of author information is available at the end of the article
© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

Aarts et al. Borderline Personality Disorder and Emotion Dysregulation

(2021) 8:13

Page 2 of 11

(Continued from previous page)

Methods: We aim to include pre- and post-treatment 3 T-MRI scans in 40 patients with PTSD and (sub) clinical
comorbid BPD or CPD. With an expected attrition rate of 50%, at least 80 patients will be scanned before treatment.
MRI scans for 30 matched healthy controls will additionally be acquired. Patients with PTSD and BPD were
randomized to either EMDR-only or EMDR combined with Dialectical Behaviour Therapy. Patients with PTSD and
CPD were randomized to Imaginary Rescripting (ImRs) or to ImRs combined with Schema Focused Therapy. The
scan protocol consists of a T1-weighted structural scan, resting state fMRI, task-based fMRI during an emotional face
task and multi-shell diffusion weighted images. For data analysis, multivariate mixed-models, regression analyses
and machine learning models will be used.
Discussion: This study is one of the first to use neuroimaging measures to predict and better understand
treatment response in patients with PTSD and comorbid personality disorders. A heterogeneous, naturalistic sample
will be included, ensuring generalizability to a broad group of treatment seeking PTSD patients.
Trial registration: Clinical Trials, NCT03833453 & NCT03833531. Retrospectively registered, February 2019.
Keywords: Borderline personality disorder, Cluster C personality disorder, Treatment, Neuroimaging, Prediction

Introduction
Posttraumatic stress disorder (PTSD) is a common mental disorder with a lifetime prevalence of approximately
4–8% [1–3]. PTSD can develop after experiencing a
traumatic event and involves symptoms of reexperiencing, avoidance, hyperarousal and alterations in
mood and cognition [4]. Abnormal fear conditioning
and extinction learning are important processes in the
pathophysiology of PTSD [5]. Psychotherapy for PTSD
(trauma-focused therapy, TFT) focuses on normalizing
these processes through exposure to the patients’ traumatic memories and trauma-related cues. TFT has moderate to large effect sizes [6, 7]. Previous trials have often
excluded comorbidity such as suicidality, so despite the
high incidence of comorbidity in PTSD, the efficacy of
TFT in this heterogeneous group is not well known. As
many as 35% of PTSD patients have a comorbid personality disorder, such as borderline personality disorder
(BPD) or avoidant, dependent or obsessive-compulsive
(cluster C, CPD) personality disorders [8]. One study has
shown that TFT in patients with PTSD and personality
disorders (BPD was excluded) is effective [9]. There is
also evidence that TFT is effective in patients with
PTSD+BPD [10], although a recent meta-analysis shows
lower effect sizes for TFT in patients with PTSD and comorbid personality disorders, compared to patients with
PTSD-only [11]. Well-established therapies for BPD and
CPD are group-based dialectical behavioral therapy
(DBT [12]) and schema focused therapy (SFT [13]),
respectively.
The amygdala has long been thought to play a crucial
role in the pathophysiology of PTSD, because of its involvement in the processing and appraisal of emotional
stimuli [14, 15] and its role in the salience network (SN)
and limbic network [16]. Although there is some evidence that suggests a smaller volume of the amygdala in
PTSD patients [17], other studies found no differences

in its morphology compared to healthy controls [18, 19].
In contrast, amygdala volume is consistently lower in
BPD patients relative to healthy controls [14], while to
the best of our knowledge only one study has been conducted in CPD [20], showing no difference in amygdala
volume between patients with avoidant personality disorder and healthy control subjects.
In functional MRI studies, PTSD is associated with hyperreactivity of the amygdala in patients who watch
trauma-related stimuli and more generic salient stimuli
such as emotional pictures or faces [21, 22]. In BPD, one
meta-analysis showed decreased activity in the amygdala
and associated networks [23], while another metaanalysis [24] showed increased left amygdala activity
during tasks with a negative emotion versus neutral condition. A possible explanation for these contrasting findings is the heterogeneity of the samples. In line with
earlier findings [25], the hyperactivity of the amygdala
was not observed in medicated patients [24]. Psychotherapy for PTSD or BPD has been shown to decrease the
hyperactivation of the amygdala [26, 27]. This decreased
hyperactivation was associated with a decrease in clinical
symptoms in PTSD [26] and improved emotion regulation in BPD [28, 29].
Beyond the amygdala, PTSD and personality disorders
are also associated with dysfunction of brain areas such
as the anterior cingulate cortex (ACC), dorsolateral and
dorsomedial prefrontal cortex (dlPFC/dmPFC), insula
and the hippocampus (e.g. [30–32]). These regions are
all involved in emotion processing and regulation [14,
33], processes that treatments for personality disorders
aim to improve [34]. There is some evidence that shows
that activity in the above-mentioned brain areas normalizes after treatment. For example, hyperactivation of the
ventromedial PFC and ACC normalized after psychotherapy for PTSD [26], and in BPD activation of the
ACC decreased after dialectical behavior therapy [27].
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Structural and functional connectivity between brain
areas is also disrupted in PTSD and personality disorder.
In PTSD, as compared to healthy controls, a hyperconnected SN and less well interconnected default mode
network (DMN) are found [35–37]. Compared to
healthy controls, BPD patients consistently showed
hyperactivity of the posterior cingulate cortex (PCC) – a
major hub of the DMN – and hypo-activity of the dorsolateral prefrontal cortex (dlPFC) during resting-state
functional magnetic resonance imaging (fMRI [23, 24];).
BPD patients also showed increased resting state connectivity of the frontopolar cortex and insula [38]. To
our knowledge, no neuroimaging connectivity studies
have yet been performed in PTSD patients with comorbid personality disorder.
Possible predictors for treatment success in PTSD include clinical features such as the severity of dissociative
symptoms [39], baseline PTSD severity and presence of
comorbid depressive disorder (see [40, 41] for recent
systematic reviews). Previous studies have also shown
that neuroimaging measures can be used to predict TFT
efficacy, using resting-state functional connectivity measures [42–44], task-related activation patterns [45–49],
and regional brain volume [50, 51]. In these studies, the
brain areas or networks that are involved in the pathophysiology of PTSD, such as the amygdala, insula and
ACC, are also generally the ones that predict TFT outcome. To date, only one study in BPD has reported on
treatment outcome prediction, showing that both left
amygdala volume and lower amygdala activity during a
cognitive reappraisal task associated with better treatment response [52]. No study has yet been performed in
patients with CPD.
In the present protocol, we describe a treatment outcome study into the predictive value and pre-post
changes of brain function and structure in a comorbid
PTSD and personality population (see also [53, 54]). We
additionally include a healthy control group for comparison. The first aim is to study the neural alterations induced by PTSD treatment (trauma-focused therapy,
TFT) versus integrated PTSD-personality disorder treatment (TFT + PT) in patients with PTSD and comorbid
(sub) clinical BPD and/or CPD. Based on previous studies, we expect that 1a) pre-treatment task-related hyperactivity, relative to healthy controls, of the amygdala,
ACC and ventromedial PFC will normalize after traumafocused therapy in both treatment conditions. We further expect that 1b) hyperconnectivity within the SN
and hypoconnectivity within the DMN during restingstate normalize towards healthy controls in all patients,
regardless of the treatment condition. We additionally
expect 1c) more increase in task-related activation in
emotion regulation-related areas (e.g. rostral PFC and
dlPFC) in patients in the TFT + PT compared to the

TFT condition. Finally, we expect 1d) that normalization
of brain function is related to improvements in emotion
regulation. The second aim is to predict treatment outcome on group and the individual level. Based on previous research, we hypothesize that 2a) a successful
treatment outcome can be predicted by lower pretreatment task-related activation of the amygdala, dorsal
ACC and insula, 2b) larger volumes of the ACC and
hippocampus and 2c) higher severity of PTSD at baseline, higher severity of dissociative symptoms and presence severity of comorbid depressive disorder are related
to worse treatment outcomes. Our third and final aim is
to compare differences and similarities in the neural alterations in patients with PTSD+BPD and PTSD+CPD,
compared to healthy control subjects. We expect 3a) all
patients to show pre-treatment dysfunction in taskrelated activation and resting state connectivity of emotion regulation areas, such as the ACC, insula, dlPFC
and hippocampus. In addition, we expect that 3b) in
PTSD+BPD patients brain regions of the central executive network (CEN) are hypoconnected. For CPD, these
analyses will be more explorative.
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Methods
Design

This MRI study collects neuroimaging data for patients
that participate in the two randomized controlled trials
(RCTs) of the PROSPER (Prediction and outcome study
in PTSD and personality disorders) study, which is registered under NCT03833453 & NCT03833531 at clinicaltrials.gov [55, 56]. For the MRI study we additionally
recruit matched healthy control participants. The study
has been approved by the medical ethical committee of
the VU University medical center and all participants
provide written informed consent in accordance with
the Declaration of Helsinki. The PROSPER study consists of two RCTs, with four treatment arms (see Fig. 1).
First, patients are divided based on their comorbid personality problems, in either BPD or CPD. Second, they
are randomized into the TFT or TFT + PT condition.
We use a block-randomization with blocks of six and
one random block of four. A researcher not involved in
data collection generated the randomization list and an
independent person prepared sealed envelopes with
assigned treatment condition according to this list. In
PTSD+BPD, TFT is eye-movement desensitization and
reprocessing (EMDR), TFT + PT consists of EMDR+
DBT. In PTSD+CPD, TFT is imaginary rescripting
(ImRs), TFT + PT consists of ImRs+SFT. A subset of patients will be asked to additionally participate in the here
described add-on MRI study, which involves magnetic
resonance imaging (MRI) scan sessions before (T0) and
after (T2) TFT in all four conditions. Only the parts of
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Fig. 1 Overview of the timeline for treatment and measurements

the design relevant to the MRI study will be reported in
this paper.
Sample

We aim to include approximately 80 patients who are
enrolled in the PROSPER study, 40 with PTSD+BPD
and 40 with PTSD+CPD. We expect to have MRI scans
at T2 of at least 40 of these patients (20 BPD and 20
CPD). The inclusion criteria are a primary diagnosis of
PTSD and a diagnosis of (sub) clinical BPD or CPD,
measured by the SCID-5-PD [57]. We include patients
fulfilling at least the required number of SCID-5-PD criteria as defined by the DSM-5 [4] minus one, as to guarantee sufficient generalizability of the population under
study. Included patients have an age between 18 and 65
years, have sufficient understanding of the Dutch language and provide written informed consent. Patients
are excluded if they have a comorbid disorder that interferes with treatment or randomization; severe outward
aggression, addiction or eating disorders interfering with
treatment, current psychosis, mental retardation (IQ <
70) or a primary personality disorder diagnosis other
than BPD or CPD. Benzodiazepine use exceeding 3
times 10 mg per day oxazepam or equivalent is also an
exclusion criterion. Other psychotropic medications
need to be stable for at least 3 weeks prior to study participation. For T2 scans, we include patients that have

completed their TFT, defined by having received at least
75% of their TFT sessions. Further exclusion criteria related specifically to the MRI study are pregnancy, metal
implants, somatic disorders interfering with brain functioning such as head trauma, epilepsy and claustrophobia. Immediately prior to the MRI scan, patients and
healthy controls are asked about medication and substance use in the previous 24 h. Use of any benzodiazepines is not allowed in the 24 h before the scan.
We additionally recruit 30 healthy controls through
advertisements and Hersenonderzoek.nl (www.
hersenonderzoek.nl). The same inclusion and exclusion
criteria are used. In addition, healthy controls are excluded if they have a current diagnosis for a mental disorder. This control group will be matched to the patient
group average on age, sex and education level.
Sample size

For reliable fMRI results, a minimum of 20 participants
but preferably more than 27 participants has been proposed [58], with more participants a plateau is reached.
Furthermore, a minimal sample size of 12 has been proposed with 80% power at α = 0.05 at the single voxel
level [59] and we use the same task as a previous study
[60] where a robust amygdala activation was found with
a sample size of 41 patients. In our study, we include 40
patients with PTSD+BPD and 40 patients with PTSD+
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CPD. With a predicted dropout of 25–50%, at least 20–
30 participants per condition should be available for a
second scan. If from the first 80 patients less than 40 return for a second scan, we will continue inclusion until
at least 40 post-treatment scans are acquired. Healthy
controls will only participate in one scanning session,
therefore we include 30 participants.

session, where they note which trauma target was
treated and whether there were any protocol violations.
Therapists have received accredited training and participate in biweekly supervision meetings. Furthermore, all
therapists receive supervision from a trained supervisor.
All treatment sessions are recorded on audio (ImRs) or
video (EMDR, DBT, SFT) to check treatment adherence.
Therapists also fill out a short form about irregularities
in the session. Therapists have received accredited training and participate in biweekly intervision meetings. Furthermore, all therapists receive supervision from a
trained supervisor.

Interventions

The treatment protocol is described more detailed in
[61, 62], but described here briefly. Patients in the TFT
condition will receive EMDR (PTSD+BPD) or ImRs
(PTSD+CPD) for a minimum of 12 and a maximum of
18 sessions, delivered within 6 months. TFT sessions are
delivered individually, for 75 min weekly. In the TFT +
PT condition, patients with PTSD+BPD additionally receive DBT. This consists of six individual pretreatment
sessions of 45 min. Patients then start group sessions for
48 weeks, with weekly group sessions of 150 min and biweekly individual 45-min DBT sessions. EMDR starts
after 6 weeks of group training.
For patients with PTSD+CPD, the TFT + PT condition
consists of ImRs+SFT. For SFT, there are four individual
pretreatment sessions of 45 min, after which patients enroll in a group with 90-min weekly sessions for 40 weeks.
Additionally, patients receive 18 sessions of group
schema focused psychomotor therapy during the course
of the SFT-group.
All treatment sessions are recorded on audio (ImRs)
or video (EMDR, DBT, SFT) to check treatment adherence. Therapists also fill out a short form about the
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MRI acquisition

MRI scans are acquired using a GE Discovery MR750 3Tesla MRI scanner (General Electric, Milwauki, WI,
USA) with a 32-channel head coil at the Amsterdam
UMC, location VUmc. We acquire 1) a 3D T1-weighted
structural magnetization-prepared 180 degrees radiofrequency pulses and rapid gradient-echo (MP RAGE)
according to the ADNI-3 protocol [63], 2) 10 min resting
state functional MRI (rsfMRI), 3) fMRI during an emotional faces task, and 4) multi-shell single-spin echo acquisition diffusion weighted images (DWI). Table 1
shows the scan parameters. During the rsfMRI the lights
are dimmed and participants are instructed to keep their
eyes closed but to not fall asleep. For fMRI and DWI
scans, blip-up, blip-down scans with opposite phase encoding directions with the same field-of-view are acquired to correct for susceptibility induced distortions.

Table 1 Scan parameters
3D T1 –
MPRAGE

Resting-state fMRI

Task-based fMRI

Multi-shell DWI

TR (ms)

6.9

2200

2200

N/A

TI (ms)

900

N/A

N/A

N/A

TE (ms)

3

28

26

81

Flip angle

9°

80°

80°

90°

# slices

168

42

42

56

# volumes

–

272

205a

80

in plane resolution
(mm)

1×1

3.3 × 3.3

3.3 × 3.3

2.5 × 2.5

Slice thickness

1

3

3

2.5

Slice gap (mm)

N/A

0.3

0.3

N/A

Matrix size

256 × 256

64 × 64

64 × 64

96 × 96

Scan direction

N/A

Axial ascending according
to HYFA

Axial ascending according
to HYFA

Axial ascending According to HYFA

Shells

N/A

N/A

N/A

73 directions: interleaved 25 b1000, 24 b2000, 24
b3000 + 7 b0

TR repetition time; TE echo time; TI inversion time; MPRAGE magnetization-prepared 180 degrees radio-frequency pulses and rapid gradient-echo; fMRI functional
magnetic resonance imaging; HYFA imaginary straight line from the ventral hypophysis to the fastigium in the roof of the fourth ventricle.
a
Number of volumes for task-based fMRI varies because the scan is manually stopped around 3 s after the end of the task

Aarts et al. Borderline Personality Disorder and Emotion Dysregulation

(2021) 8:13

We use high order shimming to homogenize the B0
magnetic field during the functional scans and the DWI.

see also below. DWI scans will preprocessed using the
FSL EDDY tool [70] to correct for susceptibility-induced
distortions, eddy currents and motion. MRtrix3 (www.
mrtrix.org [71]) will be used for tractography and DTITK [72] for registering the individual DWI scans to a
common space to subsequently perform tract-based
spatial statistics (TBSS).

Emotional faces task

In the scanner, patients and healthy controls complete
an emotional faces task (EFT) adapted from Frijling [60].
Here we use the conditions: fear, anger and neutral.
These face images are contrasted with scrambled faces.
Pictures are taken from the Radboud University Database [64]. Three pictures at a time are presented, one at
the top and two underneath. For the (emotional) faces,
participants have to match the sex of the picture on top
to either one on the bottom by clicking a button with
their left or right hand. For the scrambled faces, patients
have to match the shape of the frame surrounding the
scrambled face to the upper picture. Subjects are presented six pseudo randomized blocks of neutral or
scrambled faces and five blocks of fearful and angry
faces. The same face condition is never presented twice
in a row. Each block lasts 20 s (4900 ms stimulus, 100 ms
stimulus interval) and contains four different trials of
scrambled, neutral or emotional faces. Total task duration is approximately 7 min. We use two counterbalanced versions of the task, one at T0 and one at T2.
Pictures are matched on intensity, clarity, attractiveness
and valence between the versions. See Supplementary
Table 1 for an overview of the models in the task. The
images are presented to participants through a projector
connected to a computer running E-prime version
2.0.10.353 (Psychology Software Tools, Pittsburgh, PA).
Participants see the screen through a mirror mounted
on the head coil. For responses, participants press left or
right on a button using a Designs Fiber Optic Response
Box (FORB) model 932.
Image processing and quality check

MRI acquisition quality will be checked in several steps.
All data will be visually inspected, for example for movement artefacts and ghosting. For fMRI and DWI, the
reversed phase-encoded blips to correct for
susceptibility-induced distortions are processed using a
tool from the FMRIB Software Library (FSL); FSL top-up
[65, 66]. To further check quality of T1 and fMRI sequences, the MRI Quality Control Tool (MRI QC [67];)
will be used. Quality parameters such as framewise displacement and signal to noise ratio will be calculated for
fMRI and DWI sequences and used to assess whether
the quality of a scan is acceptable. As an example, scans
with a framewise displacement of more than 0.5 mm will
be removed before analyses [68].
Structural T1 scans will be processed using FreeSurfer
to derive morphometric measures such as volume, surface area and cortical thickness. We will employ the
‘fmriprep’ pipeline to preprocess the fMRI scans [69];
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Outcome measures
MRI outcome measures

For each MRI modality, we mention the main outcome
measures here briefly, they will later be described more
fully in pre-registered data analysis plans through the
Open Science Framework Project [73].
Structural T1 weighted scans In the structural T1weighted scans, we will focus mainly on morphometric
(cortical thickness, surface area, volume) features of
brain areas such as the ACC, insula, hippocampus and
amygdala. For the amygdala and hippocampus, we will
make sub-segmentations. We will define these brain regions according to standard atlases (e.g. Desikan-Killiany
[74] or Brainnetome [75] atlas) and segment these areas
on the individual level using FreeSurfer software. Where
necessary, we will use voxel-based morphometry for
more detailed, parallel analyses.
rsfMRI The main focus of rsfMRI will be on the connectivity of resting-state networks implicated in the
pathophysiology of PTSD and personality disorder: the
SN, CEN and DMN. Functional connectivity matrices
will be made using an atlas-based approach, using standard atlases such as the Brainnetome [75] or Schaefer
[76] atlas. This connectivity matrix will then be used to
calculate connectivity within and between the three
resting-state networks of interest and the connectivity of
the amygdala. We will also use graph measures calculated from this matrix to study changes in the topology
of the brain network, including global efficiency, clustering coefficient and modularity (see for example [77, 78]).
fMRI during emotional face task In the fMRI during
the emotional face task, the main contrast of interest is
the fearful faces versus scrambled faces. In addition, we
will study the angry versus scrambled faces and neutral
versus scrambled faces contrasts as secondary analyses.
Our regions of interest include the amygdala, dorsal
ACC, anterior insula, vmPFC, dlPFC, dmPFC, hippocampus and visual areas. We will specify the exact coordinates for the regions of interest in the preregistered
data analysis plans. For additional connectivity analyses,
we will use a generalized form of context-dependent
psychophysiological interactions (gPPI [79];).
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DWI Integrity of white matter fiber bundles will be
measured using standard diffusivity measures: fractional
anisotropy (FA), mean diffusivity (MD), radial diffusivity
(RD), and axial diffusivity (AD) using DTITK [72] and
FSL TBSS. In addition, we will perform whole brain tractography using MRTRIX3 to study between-group differences and treatment-induced changes in structural
connectivity and characteristics of the structural connectome using graph measures.

outcomes at T0 as independent variables. For hypothesis
2a, task-related amygdala, dACC and insula activation
will be added to the model. For hypothesis 2b, volumes
of the ACC and hippocampus will be added to the
model. For hypothesis 2c, PTSD severity, presence and
severity of depressive disorder and dissociative symptoms will be added to the model. Medication use will be
used as a covariate.
To predict response versus non-response, we will use
logistic regression. Dichotomous treatment response status is the dependent variable, with the predictors mentioned above as independent variables.
We will also conduct more exploratory prediction analyses, using features derived from the different MRI modalities, e.g. resting-state network measures, whole brain
activation during the task and DTI-derived measures
such as FA and structural connectivity. We will preregister our analysis plan for these analyses prior to data analysis [73].
Furthermore, we will perform sensitivity analyses for
patients who use psychotropic medication versus patients who do not use medication, for patients with and
without comorbid depression and patients with and
without the dissociative subtype of PTSD (measured
with the CAPS-5) by running the analyses with and
without these groups.

Clinical outcome

The main clinical outcome measure is the clinicianadministered PTSD scale for DSM-5 (CAPS-5, [80]).
The CAPS-5 is administered before treatment (T0), directly after TFT (T2) and 6 months after the TFT ends
(T4; see Fig. 1 for overview) by trained independent assessors, blind to treatment condition. For this study, the
PTSD symptom change between T0 and T4 as measured
by the CAPS-5 will be calculated to see whether our imaging outcome measures correlate with and predict clinical
improvement.
For
responder/non-responder
analyses, responders will be classified as patients who
show an improvement of ≥0.5 standard deviation in preto post-treatment CAPS-5 scores [81].
Statistical analysis
Treatment effect

To test hypotheses 1a-1c and analyze treatment effect,
we will use linear mixed-models with the abovedescribed MRI outcome measures as dependent variables. For hypothesis 1a, this means amygdala, ACC and
vmPFC activation. For 1b, connectivity in resting-state
networks and for 1c, activation in emotion regulation
areas (such as the rostral PFC and dlPFC). For hypothesis 1d, we will correlate changes in brain activation
(from hypotheses 1a-1c) with change in emotion regulation, as measured with change in the Difficulties in Emotion Regulation Scale (DERS [82];) from T0 to T2. We
are interested in the main effect of time (T0, T2) and
the interaction effect of time x type of treatment (TFT
or TFT + PT). The value of the outcome measure at T0
will be added as covariate and a random factor for participants will be added to the model. Additionally, we
will make a model with PTSD and personality disorder
severity (measured with the CAPS-5 and SCID-5-PD respectively) at baseline, age and sex as covariates. For exploratory analyses, we will compare differences in neural
response in treatment responders versus nonresponders.
Prediction of treatment effect

To predict treatment outcome at T4 (hypotheses 2a-2c),
we use CAPS-5 score at T4 as a continuous dependent
variable in a multiple linear regression model with MRI
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Comparison BPD, CPD and healthy controls

To assess differences in brain activation (hypotheses 3a3b), connectivity and brain morphology between patients
with PTSD+BPD, patients with PTSD+CPD and healthy
controls, we will use a regression model with diagnosis
as independent variable and imaging outcome measures
as dependent variables. For hypothesis 3a, task-related
activation and resting state activation of emotion regulation areas will be added to the model, for hypothesis 3b,
connectivity in resting-state networks will be added to
the model. If possible, we will do the analyses separately
for medicated and non-medicated patients. We will also
analyze the difference in clinical comorbidity and its relation to neuroimaging measures between the groups.

Discussion
The here described neuroimaging study aims to investigate the neural effects of TFT versus TFT + PT in PTSD
patients with a personality disorder, as well as the utility
of neuroimaging measures to predict treatment outcome
and to study similarities and differences between patients with PTSD and BPD or CPD. This study can provide important insight into a patient group that has not
received extensive study until now. We include a heterogeneous group of PTSD patients with (sub) clinical personality disorders, which makes our study generalizable
to a broad patient population that is characteristic of the
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clinical population, since as many as 35% of PTSD patients have a comorbid personality disorder [8].
A downside of this naturalistic approach within a heterogeneous sample, is that there may be confounding factors in interpreting the results. One of these is medication
use. While other studies often exclude patients that use
medication, patients in our sample use medication that
has been stable for at least 3 weeks. This medication may
influence structural and functional characteristics of the
patients’ brains. Schulze [24] found in their meta-analysis
that unmedicated patients show hyperactivation of the
amygdala compared to healthy controls, while medicated
patients do not. Since lower amygdala activity is expected
to predict successful treatment outcome, it is possible that
medicated patients react better to treatment. It is also possible that the effects of our TFT or TFT + PT on the brain
differs between medicated and unmedicated patients,
which we plan to study by running our analyses with and
without medicated patients.
Another source of heterogeneity is the presence of
other comorbid disorders that may influence our results, such as major depressive disorder (MDD). A
meta-analysis showed that 52% of PTSD patients
also meet criteria for MDD [83]. PTSD patients with
MDD and other comorbid disorders may differ in
their underlying neural characteristics. PTSD and
BPD are for example associated with a hyperactive
amygdala during an emotional task compared with
healthy subjects, while MDD is associated with
hypoactivation of the amygdala [84]. Secondly, some
PTSD patients suffer from dissociative symptoms
[4]. Dissociation is related to increased inhibition of
the limbic response by areas such as the dorsal
ACC and mPFC [39]. Finally, most research in personality disorders has been done in BPD, and data
are sparse in the three personality disorders that
make up CPD [85]. Different neural mechanisms
could underlie these different disorders, but this is
hitherto unknown. Where possible, we intend to
study patients with and without these comorbid
conditions separately to disentangle the confounding
comorbidity.

Abbreviations
ACC : Anterior cingulate cortex; AD: Axial diffusivity; BPD : Borderline
personality disorder; CEN : Central executive network; CPD : Cluster C
personality disorder, i.e. avoidant, dependent and obsessive-compulsive disorder; DBT: Dialectical behavior therapy; dlPFC : Dorsolateral prefrontal
cortex; DMN : Default-mode network; dmPFC: Dorsomedial prefrontal cortex;
DTITK: Diffusion tensor imaging ToolKit; DWI : Diffusion weighted images;
EFT : Emotional faces task; EMDR: Eye-movement desensitization and
reprocessing; FA: Fractional anisotropy; fMRI : Functional magnetic resonance
imaging; FSL : FMRIB Software Library; gPPI : Generalized form of
psychophysiological interaction; HYFA: Imaginary straight line from ventral
hypophysis to the fastigium in the roof of the 4th ventricle; ImRs: Imaginary
rescripting; MD: Mean diffusivity; MRI: Magnetic resonance imaging; MRIQ
C: MRI quality control tool; PCC: Posterior cingulate cortex; PFC: Prefrontal
cortex; PTSD: Posttraumatic stress disorder; RD: Radial diffusivity; SFT: Schema
focused therapy; SN: Salience network; TBSS: Tract-based spatial statistics;
TFT: Trauma-focused therapy; TFT + PT: Trauma-focused therapy with
personality treatment

Conclusion
In conclusion, this neuroimaging study is the first to
study neural correlates of treatment effects in patients
with PTSD and comorbid personality disorder and
imaging-derived biomarkers predicting response. We
also aim to study the different underlying neural
mechanisms in PTSD patients with BPD and CPD.
With this study, we hope to shed light on a population that has so far received little attention in neuroimaging research.
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