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In about 30–50% of patients with posttraumatic stress disorder (PTSD), symptoms persist after treatment. Although neurobiological
research has advanced our understanding of PTSD, little is known about the neurobiology underlying persistence of PTSD. Two functional
MRI scans were collected from 72 war veterans with and without PTSD over a 6- to 8-month interval, during which PTSD patients
received trauma-focused therapy. All participants performed a trauma-unrelated emotional processing task in the scanner. Based on post-
treatment symptom severity, a distinction was made between remitted and persistent patients. Behavioral and imaging measures of trauma-
unrelated emotional processing were compared between the three groups (remitted patients, N= 21; persistent patients, N= 22; and
combat controls, N= 25) with repeated-measures (pre- and post-treatment) analyses. Second, logistic regression was used to predict
treatment outcome. Before and after treatment, persistent patients showed a higher dorsal anterior cingulate cortex (dACC) and insula
response to negative pictures compared with remitted patients and combat controls. Before treatment, persistent patients showed
increased amygdala activation in response to negative pictures compared with remitted patients. The remitted patients and combat
controls did not differ on the behavioral or imaging measures. Finally, higher dACC, insula, and amygdala activation before treatment were
significant predictors of symptom persistence. Our results highlight a pattern of brain activation that may predict poor response to PTSD
treatment. These findings can contribute to the development of alternative or additional therapies. Further research is needed to elucidate
the heterogeneity within PTSD and describe how differences in neural function are related to treatment outcome. Such approaches are
critical for defining parameters to customize PTSD treatment and improve treatment response rates.
Neuropsychopharmacology (2016) 41, 1156–1165; doi:10.1038/npp.2015.257; published online 16 September 2015
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INTRODUCTION

In about 30–50% of patients with posttraumatic stress
disorder (PTSD), symptoms persist after treatment (Bradley
et al, 2005) and severely impact the life of the patient, that of
their families, and society in general (Calhoun et al, 2002;
Kessler, 2000). To improve response rates, it is important to
increase our understanding of (the neurobiology underlying)
persistence of PTSD.
According to international guidelines (Foa et al, 2009), the

treatment of choice for PTSD is trauma-focused therapy. This
therapy relies on extinction of the learned fear by means of
exposure to the traumatic memory (Izquierdo et al, 2004;
Shipherd and Salters-Pedneault, 2008). Extinction learning is
justified by emotional processing theory (Foa and Kozak,

1986), which assumes that three aspects are essential for
succesful extinction: activation of the traumatic memory,
attention to contextual (safety) information, and integration
of this new information such that new associations can be
established (Foa and Kozak, 1986; Rauch and Foa, 2006). When
investigating persistence of PTSD after trauma-focused therapy,
it seems relevant to not only study the brain circuit involved in
fear learning and extinction, including the amygdala (leDoux,
2000), the hippocampus (Phillips and leDoux, 1992), and the
ventromedial prefrontal cortex (vmPFC; Milad et al, 2007), but
also consider the brain regions of the salience network,
important for directing attention and detecting salient stimuli,
that is, the dorsal anterior cingulate cortex (dACC) and insula
(Phan et al, 2002; Seeley et al, 2007).
Over the past decades, neurobiological research has

advanced our understanding of PTSD by demonstrating
increased amygdala, dACC, and insula activation and
decreased prefrontal cortex activation in PTSD patients (eg,
Bryant et al, 2005; Geuze et al, 2007; Liberzon et al, 1999;
Milad et al, 2007; Rauch et al, 2000; Shin et al, 2005). In
contrast, little is known about the neurobiology underlying
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persistence of PTSD after treatment. Probing regions of
interest (ROIs) or the function of circuits provides important
information about mechanisms underlying the observed
psychopathology. Although some fMRI studies have investi-
gated treatment response in PTSD (eg, Bryant et al, 2008;
Felmingham et al, 2007; Thomaes et al, 2012), none of these
studies has scanned a trauma control group both pre- and
post-treatment. Including a control group in longitudinal
studies is highly important, because the fMRI signal is
vulnerable to substantial within-subject variability between
scan sessions (Zandbelt et al, 2008). Furthermore, a control
group is needed to disentangle the effect of treatment from
time, habituation, and learning effects.
In the present pre- and post-treatment study, two functional

MRI scans were collected, when war veterans with and without
PTSD viewed trauma-unrelated emotional pictures. Trauma-
related pictures would induce an actual fear response to the
traumatic event; however, it would, therefore, bias the post-
treatment measurements as remitted patients would not show
the fear response to the traumatic event at the post-treatment
scan. The International Affective Picture System (IAPS) pictures
are known to activate our ROIs (van Rooij et al, 2014), that is,
the amygdala (LeDoux, 2000), dACC (Beckmann et al, 2009),
insula, and hippocampus (Phillips et al, 2003) without
provoking a trauma-related fear response in the PTSD patients.
We hypothesized that patients in whom symptoms persist after
6–8 months of treatment (persistent patients) show increased
activation of the amygdala, dACC, insula, vmPFC, and
hippocampus in response to negative pictures when compared
with patients who are in remission (remitted patients). Second,
we postulated that pretreatment brain activation levels in
response to negative pictures could predict treatment outcome.

MATERIALS AND METHODS

Participants

A total of 72 war veterans were included in the study. Forty-
seven of them were diagnosed with PTSD by a psychologist
or psychiatrist at one of the four Military Mental Healthcare

outpatient clinics in the Netherlands. All patients were about
to start trauma-focused therapy at the time of inclusion.
Trauma-focused therapy represents a broad class of psy-
chotherapeutic interventions that include trauma-focused
cognitive behavioral therapy (tfCBT), cognitive processing
therapy, eye-movement desensitization and reprocessing
(EMDR), among others. Patients received treatment as usual,
consisting of tfCBT and/or EMDR, previously demonstrated
to be equally effective in treating PTSD (Bisson et al, 2007).
Twenty-five male war veterans without a current psychiatric
disorder were included as combat controls. All veterans had
been deployed at least once. Two functional MRI scans within
a 6- to 8-month interval were collected from all participants.
The clinician-administered PTSD scale (CAPS; Blake et al,
1990) was applied by a trained researcher to quantify the
severity (or confirm absence) of PTSD symptoms at both time
points. Severity of PTSD was assessed with total CAPS score.
A differentiation was made between PTSD patients in
remission (remitted patients) and patients in whom PTSD
persisted after 6–8 months of treatment (persistent patients).
PTSD in remission was defined as a post-treatment CAPS
score below 45, as this has previously been found to indicate
the absence of clinically significant PTSD symptoms
(Weathers et al, 1999). To examine (comorbid) psychiatric
disorders at both timepoints, the structured clinical interview
for DSM-IV axis I disorders (SCID-I; First et al, 1997) was
administered. Subjects with a history of neurological illness
were excluded. Participants received monetary compensation
for participation. Written informed consent was obtained
from all participants after they had received a complete written
and verbal explanation of the study, in accordance with
procedures approved by the University Medical Center
Utrecht ethics committee and the Declaration of Helsinki.
Results described here are part of a larger study (for more
information see Supplementary Materials S1).

Emotional Processing Task

Ninety-six pictures from the IAPS (Lang et al, 1997) were
presented to participants. Based on the validated valence
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Figure 1 Trauma-unrelated emotional processing task. Neutral (example left), positive (middle), and negative pictures from the International Affective
Picture System (IAPS; Lang et al, 1997) were presented to participants. They were instructed to rate the picture when the evaluation screen was shown, after
which a fixation-cross appeared for the remaining trial duration.
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ratings, pictures were categorized as neutral, negative, or
positive. To investigate trauma-unrelated emotional proces-
sing, pictures with a war-related content were excluded, as all
participants served in combat. Participants were instructed
to view each picture for 2 s. Participants were asked to rate
the picture as neutral, negative, or positive by pressing a
button when the evaluation screen was shown (maximum
2 s). After each response, a fixation-cross appeared for the
remaining trial duration. The task consisted of four blocks of
96 s in which 24 pictures, 8 from each condition, were
presented in pseudorandomized order. Each block was
followed by a rest block in which a fixation-cross was
presented (32 s). All subjects performed the task with their
right hand. The task and experimental procedures were
identical to those described before (van Buuren et al, 2011;
van Rooij et al, 2014; Vink et al, 2014), and are briefly
explained in Figure 1.

Behavioral Analyses

For each category (neutral, negative, positive), the number
of subject’s ratings that matched the IAPS ratings was
calculated, and was taken as a measure of behavioral
performance. Repeated-measures analyses of variance
(ANOVA) using category and group as factors were used to
investigate group differences on behavioral performance. To
confirm that participants had actually seen the picture (eg, did
not have their eyes closed), and had perceived the picture the
way it was analyzed (based on IAPS rating), we included only
congruent trials for the functional MRI analyses.

Functional MRI

Functional images were acquired using a 3.0 T whole-body
magnetic resonance imaging scanner (Philips Medical
System, Best, The Netherlands). A total of 322 whole brain,
T2*-weighted echo planar images with blood oxygen-level-
dependent contrast (voxel size 4 mm isotropic; repetition
time (TR)= 1600 ms; echo time (TE)= 23 ms; flip
angle= 72.5°) were collected in a single run. A T1-weighted
image (200 slices; TR= 10 ms; TE= 3.8 ms; flip angle= 8°;
field of view= 240 × 240 × 160 mm3; matrix of 304 × 299) was
used for within-subject registration purposes. Functional
MRI data were preprocessed and analyzed with SPM 5
(http://www.fil.ion.ucl.ac.uk/spm). Preprocessing included
slice time correction, realignment, coregistration of the
anatomical image to the mean functional image, spatial
normalization to Montreal Neurological Institute template
brain, and smoothing (using a 8 mm full-width at half-
maximum (FWHM) Gaussian kernel).
A general linear model (GLM) regression analysis was

used to estimate task effects on brain activation. Three
conditions were created for the neutral, negative, and
positive pictures (only congruent trials). The onset and
duration (2 s) of these three conditions were modeled as
factors in the design matrix of the regression model. To
correct for head motion, the six realignment parameters were
included in the design matrix as regressors of no interest. A
high-pass filter with a cutoff frequency of 0.0058 Hz was
applied to the data to correct for low-frequency scanner drift.
Three first-level contrasts were created: (1) the neutral

pictures compared with rest (neutral4 rest; baseline contrast),

(2) the negative pictures compared with the neutral pictures
(negative4neutral; negative contrast), and (3) the posi-
tive pictures compared with the neutral pictures
(positive4neutral; positive contrast). The negative and
positive contrasts were created in this way to measure the
effect of valence correcting for attentional and visual processes.
For each contrast, mean activation levels were extracted

from predefined ROIs, separately for left and right. The
dACC (Brodmann’s area 32), insula, and amygdala ROIs
were based on the WFU Pick Atlas. The hippocampus was
defined using the LONI Probabilistic Brain Atlas with a
probability threshold of 80%. A 6mm sphere (MNI
coordinates: 4, 44, -4) in the vmPFC was used as a fifth
ROI. This was the peak voxel in a recent study showing
reduced vmPFC activation in PTSD compared with controls
during inhibition (Jovanovic et al, 2013).
To investigate group differences outside the ROIs, whole

brain group analyses were performed for the three contrasts.
The resulting maps were tested for significance at a cluster-
defining threshold of po0.001, and a po0.05 family-wise
error (FWE)-corrected critical cluster size was calcu-
lated separately for each contrast. The cluster sizes were
determined using SPM and a script (CorrClusTh.m,
http://www2.warwick.ac.uk/fac/sci/statistics/staff/academic-re
search/nichols/scripts/ spm), which uses estimated smooth-
ness (estimated FWHM: 8mm) and Random Field Theory to
find these corrected thresholds.

Statistical Analyses

To test the first hypothesis that activation levels in our ROIs
differ between remitted and persistent patients, group by
time (pre- and post-treatment) by hemisphere repeated-
measures GLM analyses were performed for the baseline,
negative, and positive contrast for each ROI. Post hoc tests
were performed when the main effect of group or the group
by time (by hemisphere) interaction was significant.
For the second hypothesis, a logistic regression was used to

investigate if pretreatment brain activation levels can predict
treatment outcome (remission vs persistence of PTSD). The
effect was analyzed for activation levels of each ROI
separately to circumvent multicollinearity. The confounding
influence of pretreatment PTSD severity, comorbidity and
pharmacotherapy status, number of treatment sessions, age,
education level, and early traumatic experiences on the
predictive value of the ROIs was tested in each regression
model. In accordance with ‘change in estimate strategy,’ only
significant confounders (change in B410%) were used in the
final regression models (Greenland, 1989; Maldonado and
Greenland, 1993). Post hoc linear regression analyses were
performed to investigate if actual post-treatment CAPS score
could be predicted with the same models.

RESULTS

Participants

Participant characteristics are presented in Table 1. Four
patients were excluded from the analyses: three had not
performed the task correctly by responding at the wrong
moments or by using inappropriate buttons, and one patient
did not receive treatment in between the two scans. None of
the participants displayed excessive scan-to-scan head
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movement (44 mm). In total, 43 PTSD patients and 25
combat controls were included in the analyses. Based on
post-treatment PTSD severity, 21 patients were classified as
remitted and 22 as persistent. These two groups and the
combat control group were comparable in age, education
level, early traumatic experiences, months since deployment,
number of missions, and blast exposure (Table 1). Pretreat-
ment total CAPS score was higher in persistent patients,
which was because of the presence of more hyperarousal
symptoms. Re-experiencing and avoidance/numbing symp-
toms did not significantly differ between remitted and
persistent patients pretreatment. The number of total
treatment sessions did not differ between remitted and
persistent patients (Table 2). Most of the patients received
EMDR (N= 35), some received tfCBT (N= 15), and seven
(persistent) patients received both. Neither the number of
patients who received EMDR vs tfCBT nor the total number
of sessions for each treatment differed significantly between
the two patient groups. At pretreatment, remitted and
persistent patients were comparable on medication use;
however, post-treatment, more of the persistent patients used
SSRIs. At pretreatment, a higher number of persistent
patients compared with remitted patients fulfilled the criteria

for a comorbid anxiety disorder, whereas at post-treatment
the number of patients with a comorbid anxiety disorder did
not differ between the groups. At pretreatment, the number
of remitted and persistent patients with a comorbid mood
disorder did not differ. However, post-treatment, a higher
number of persistent patients had a comorbid mood disorder
compared with remitted patients (Table 2).

Behavioral Results

A main effect of group was found for the number of subject’s
ratings that matched the IAPS ratings (F(2,65)= 4.81,
p= 0.011). Overall, persistent patients rated fewer pictures
according to standard rating compared with combat controls
(p= 0.003). Remitted patients did not significantly differ
from the other two groups. Post hoc analyses showed that
persistent patients rated more of the neutral pictures as
negative (F(2,65)= 5.76, p= 0.005) compared with both
combat controls (p= 0.002) and remitted patients
(p= 0.014). Furthermore, they rated more of the positive
pictures as neutral (F(2,65)= 3.81, p= 0.027) compared with
combat controls (p= 0.008). This pattern was consistent over

Table 1 Participant Characteristics of Combat Controls, and Remitted and Persistent PTSD Patients

Combat
controls (N=23)

Remitted
patients (N= 21)

Persistent
patients (N= 22)

Test statistic p-Value

Age (years) 37.3± 10.4 35.2± 9.3 38.3± 8.9 F= 0.58 0.56

Education level (ISCED)

Own 3.3± 2.0 3.7± 1.4 3.1± 0.9 F= 0.67 0.52

Father 3.8± 1.8 3.7± 1.7 3.5± 2.2 F= 0.13 0.88

Mother 2.7± 1.5 2.7± 1.5 2.2± 1.5 F= 0.73 0.47

Months since deployment 78.4± 83.3 89.0± 109.9 114.7± 96.9 F= 0.84 0.44

Number of missions 2.5± 1.4 3.1± 4.3 2.2± 1.6 F= 0.66 0.52

(1/2/3 /43) (8/7/4/6) (8/5/4/4) (11/3/4/4)

Blast exposure (number) 3 2 3 χ2= 0.18 0.92

Early traumatic experiences 3.1± 3.0 4.2± 3.7 5.2± 4.7 F= 1.55 0.22

PTSD symptoms pretreatment

Re-experiencing (CAPS B) 0.7± 1.2 21.9± 4.8 23.7± 5.8 F= 211.4 o0.001

Avoiding (CAPS C) 1.0± 2.3 21.9± 9.8 25.1± 8.9 F= 71.1 o0.001

Hyperarousal (CAPS D) 3.2± 3.1 22.5± 5.3* 25.7± 4.1* F= 203.3 o0.001*

Total (CAPS Total) 4.8± 4.5 66.3± 12.6* 74.4± 13.1* F= 308.4 o0.001*

PTSD symptoms post-treatment

Re-experiencing (CAPS B) 1.4± 2.2 6.7± 6.4* 21.9± 6.3* F= 95.6 o0.001*

Avoiding (CAPS C) 0.6± 1.6 6.4± 5.5* 20.7± 8.3* F= 75.6 o0.001*

Hyperarousal (CAPS D) 3.2± 2.7 11.2± 5.9* 23.4± 5.8* F= 98.3 o0.001*

Total (CAPS Total) 5.3± 4.2 24.3± 14.1* 66.0± 15.3* F= 154.6 o0.001*

Abbreviations: CAPS, Clinician Administered PTSD scale (Blake et al, 1990); ISCED, International Standard Classification of Education (Schneider, 2013); PTSD,
posttraumatic stress disorder.
Data are presented as means± SD.
Values with an asterisk (*) indicate that the remitted and persistent patients differ significantly.
Early traumatic experiences were investigated with the Early Trauma Inventory (Bremner et al, 2007).
The p-value used to indicate significance is po0.05.
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time, as there was neither a main effect of time nor a
significant time by group interaction.

Functional MRI

Group results. Results of the ROI analyses are presented in
Figure 2. A significant main effect of group was observed in
the dACC (F(2,65)= 4.60, p= 0.015) and in the insula
(F(2,65)= 3.92, p= 0.025) for the negative contrast. Persistent
patients showed a higher bilateral dACC and insula response
across both time points compared with combat controls
(dACC, p= 0.011; insula, p= 0.045) and remitted patients
(dACC, p= 0.012; insula, p= 0.009). These differences were
not affected by time or treatment, as no main effects of time
or interaction effects were observed. Also, bilateral effects are
reported, because the group by time by hemisphere
interaction was not significant.

In the amygdala, a significant group by time interaction
was observed (F(2,65)= 4.57, p= 0.014) for the negative
contrast. Post hoc analyses revealed a significant group
difference pretreatment (F(2,65)= 3.70, p= 0.030), with per-
sistent patients demonstrating a larger bilateral amygdala
response compared with remitted patients (p= 0.010).
Neither of the PTSD groups differed from the combat
control group pretreatment. Furthermore, the three groups
did not differ at the post-treatment measurement. The
persistent group showed a significant decrease in amygdala
response from pre- to post-treatment (t(21)= 2.15, p= 0.043),
whereas amygdala response of combat controls and remitted
patients did not change from pre- to post-treatment. Again,

no group by time by hemisphere interaction was observed
and effects for bilateral amygdala are therefore described.

No group differences were observed in the hippocampus
or the vmPFC. Also, no group differences were observed for
the neutral pictures vs rest (baseline contrast) in any of the
ROIs. Furthermore, neither a main effect of group nor a
significant group by time (by hemisphere) interaction for the
positive contrast was found in any of the ROIs. Finally, no
group differences were observed in the corrected whole brain
analyses, but uncorrected results were consistent with the
ROI results.

Predicting treatment outcome. Pre-treatment activation of
the bilateral dACC, insula, and amygdala in response to
negative stimuli were significant predictors for persistence of
symptoms, even after controlling for potential confounding
factors, such as pretreatment PTSD severity, comorbidity,
pharmacotherapy status, number of treatment sessions, age,
education level, and early traumatic experiences. The final
regression models for the dACC, insula, and amygdala are
presented in Table 3. Post hoc linear regression analyses
revealed that the same models with the dACC, insula, and
amygdala also significantly predict actual post-treatment
CAPS score (dACC, F(3,42)= 3.66, p= 0.020, R= 0.47,
R2= 0.22; insula, F(3,42)= 2.91, p= 0.046, R= 0.43, R2= 0.18;
amygdala, F(1,42)= 7.42; p= 0.009, R= 0.39, R2= 0.15).

Results from post-hoc analyses. Additional analyses were
performed to control for the effect of medication. Including
medication status as a covariate in the repeated-measures

Table 2 Treatment, Medication Use, and Comorbid Disorders of Remitted and Persistent Patients

Remitted patients (N= 21) Persistent patients (N=22) Test statistic p-Value

Treatment

Total sessions 9.3± 6.7 9.5± 4.5 t=− 0.15 0.88

EMDR N= 16 N= 19 0.39

Total sessions 5.3± 2.5 6.6± 4.0 t=− 1.12 0.24

tfCBT N= 5 N= 10 0.14

Total sessions 10.6± 6.6 7.3± 5.1 t= 1.08 0.30

Pre Post Pre Post p-Value pre p-Value post

Medication (no.) 10 8 8 12 0.46 0.28

SSRI 4 3 6 11 0.52 0.01

Benzodiazepine 6 6 3 2 0.23 0.10

SARI 0 1 2 1 0.16 0.97

Antipsychotics 0 1 1 3 0.32 0.32

Nicotine antagonist 1 0 0 0 0.30 1.00

β-Blocker 1 0 1 0 0.97 1.00

Comorbid disorders (no.) 12 3 19 10 0.03 0.03

Mood 10 1 14 6 0.29 0.05

Anxiety 3 2 11 5 0.01 0.24

Somatic 1 0 1 1 0.97 0.32

Abbreviations: EMDR, eye-movement desensitization and reprocessing; pre, pretreatment; post, post-treatment; tfCBT, trauma-focused cognitive behavioral therapy.
Numbers for total treatment sessions represent group means± SD.
The p-values for the number of patients (EMDR, tfCBT, medication, and comorbid disorder) are based on χ2 analyses.
The p-value used to indicate significance is po0.05.
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analyses did not change the results. Again, a main effect of
group for the dACC (F2,64= 4.422, p= 0.016) and insula
(F2,64= 3.878, p= 0.026), and a group by time interaction
effect in the amygdala (F2,64= 4.479, p= 0.015) was observed.

Furthermore, no significant group by time or group effects
were observed in the hippocampus and vmPFC when
medication was included as a covariate.

Correlation analyses were performed to investigate if the
neural differences between the remitted and persistent
patients could be explained by baseline differences between
the groups. Results are presented in Supplementary Material
S2A. No significant correlation was observed between any of
the ROIs and pretreatment total CAPS score or one of the
CAPS clusters. It is therefore unlikely that our results are
explained by the baseline group differences.

To investigate from whence the main effect of group over
time is arising, and to investigate if the main effect of group is
reflecting baseline differences, group analyses for dACC and
insula were performed separately for the two time points. The
F-values for the two ROIs were comparable for the two time
points (Supplementary Material S2B), supporting the con-
clusion that the main effect of group is not driven by the
baseline differences in CAPS score between the two groups.

Finally, correlation analyses between percent change in
CAPS score and changes in activation for the five regions of
interest were performed. A significant negative correlation
between percent change in CAPS score and amygdala
activation was observed (r=− 0.340, p= 0.026). This correla-
tion can be explained by the change in amygdala activation
observed in the persistent group only. This finding is also
reflected in the pre-treatment differences in amygdala
activation between the remitted and persistent patients. No
significant correlations with other regions of interest were
observed.

DISCUSSION

Here, we demonstrate that increased activation of the dACC,
insula, and amygdala in response to trauma-unrelated
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Figure 2 Pre- and post-treatment functional magnetic resonance imaging (MRI) results. Pre- and post-treatment activation in response to negative pictures
is displayed for the dorsal anterior cingulate cortex (ACC) (left panel), insula (middle panel), and amygdala (right panel). Mean contrast estimates are shown
separately for persistent patients (red dotted lines), remitted patients (blue striped lines), and combat controls (green solid lines). Error bars show the SEs for
each group mean. An asterisk (*) indicates a significant group difference of po0.05.

Table 3 Logistic Regression

Independent variable B SE Wald p-Value Exp(B)

dACC 3.32 1.43 5.36 0.02 27.69

CAPS total 0.05 0.03 2.69 0.10 1.06

Comorbidity 1.52 0.92 2.75 0.10 4.59

Model χ2 13.25

Nagelkerke R2 0.35

p-Value 0.004

Insula 2.12 1.19 3.15 0.08 8.29

Comorbidity 1.97 0.95 4.33 0.04 7.16

Age − 0.03 0.05 0.32 0.57 0.98

Model χ2 8.64

Nagelkerke R2 0.24

p-Value 0.04

Amygdala 3.20 1.48 4.69 0.03 24.42

Model χ2 6.43

Nagelkerke R2 0.19

p-Value 0.01

Abbreviations: CAPS, clinician administered PTSD scale (Blake et al, 1990);
dACC, dorsal anterior cingulate cortex.
In accordance with ‘change in estimate strategy’, only significant confounders
(change in B 410%) were used in the final regression models (Greenland, 1989;
Maldonado and Greenland, 1993), and are presented here.
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negative stimuli predicts persistence of PTSD after trauma-
focused therapy. Second, we showed differences in brain
activation between remitted and persistent patients before
treatment. This demonstrates that PTSD is a very hetero-
geneous disorder, even though the field often acts as if it is a
unified phenomenon (Galatzer-Levy and Bryant, 2013).
Moreover, it shows that this difference is of great
consequence as these individuals who are neurobiologically
distinct are less likely to recover. Here, we provide potential
predictive biomarkers for individual prognosis of PTSD,
which is relevant for an early differentiation between patients
who are likely to recover and those patients for whom
alternative or additional treatment might be beneficial
(Galatzer-Levy et al, 2013).
Trauma-focused therapy is based on extinction learning,

for which three aspects are essential: activation of the
traumatic memory, attention to contextual safety informa-
tion, and integration of this new information such that new
associations can be established (Foa and Kozak, 1986; Rauch
and Foa, 2006). Amygdala activation is associated with
activation of the traumatic memory (Liberzon et al, 1999).
However, overengagement of the amygdala is disadvanta-
geous, because it can prevent processing of other relevant
information (Rauch and Foa, 2006). In our sample of
persistent patients, hyperactivation of the amygdala to
trauma-unrelated negative stimuli may reflect such an
overengagement. This finding is consistent with data from
Bryant et al (2008), who showed increased amygdala
activation in response to fearful faces in a small group of
non-responders (N= 7) compared with responders (N= 7),
measured only pre-treatment (Bryant et al, 2008).
The dACC is implicated in the regulation of both cognitive

and emotional processing (Etkin et al, 2011; Phan et al,
2002). The insula is involved in awareness of internal bodily
states and the functional integration with emotional
experience (Critchley et al, 2004; Simmons et al, 2013; Zaki
et al, 2012). The dACC and insula are the core nodes of the
salience network (Menon and Uddin, 2010; Seeley et al,
2007). The salience network is important for detecting
biologically relevant stimuli from a range of external and
internal stimuli, and is involved in involuntarily orienting
attention to these stimuli to guide behavior (Menon and
Uddin, 2010; Seeley et al, 2007). Aberrant functioning of the
salience network has been associated with PTSD as patients
showed heightened activation in the dACC, insula, and
amygdala, as well as other regions of the salience network
(Patel et al, 2012). We support and extend these findings by
showing that this hyperactivation is particularly important
for persistence of PTSD. Furthermore, structural (Long et al,
2013) and functional resting state connectivity studies
(Sripada et al, 2012) have revealed increased connectivity
within the salience network in PTSD patients. A recent graph
analysis study showed a relationship between insula
decoupling and re-experiencing symptoms in PTSD patients,
indicating disrupted salience determination (Spielberg et al,
2015). Moreover, PTSD patients show increased coupling
between the salience network and the default mode network
(Sripada et al, 2012), a network that engages in internally
focused tasks (Buckner et al, 2008). Based on these findings,
it has been hypothesized that in PTSD patients there is an
imbalance between salience detection and internally focused
thought (Sripada et al, 2012), resulting in an attentional bias

to external stimuli. Indeed, an attentional bias to threat,
associated with increased dACC activation, has previously
been observed in PTSD patients (Fani et al, 2012a; Pannu
Hayes et al, 2009). Additionally, there is a relationship
between attentional bias and decreased extinction learning in
PTSD (Fani et al, 2012b). As has previously been suggested,
although a threat-orienting attention style is useful when
presented with actual threat, in a safe environment it can
prevent adequate processing of other relevant environmental
information, thereby reducing extinction learning (Fani et al,
2012b). Building upon this work, we postulate that
hyperactivation of the core nodes of the salience network,
the dACC and insula, could imply an attentional bias to
negative stimuli, which prevents processing of safety
information during therapy.
Our behavioral findings support the hypothesis that

persistent PTSD patients have an attentional bias toward
negative stimuli, because these patients rated more of the
neutral pictures as negative, and more of the positive as
neutral. However, because we did not use a task to directly
measure attentional bias, this hypothesis must be confirmed
in future studies. Our findings correspond with those of a
previous study that showed that distorted perception of
threat, such as negative interpretation of intrusions and
anger cognitions, explained persistence of PTSD symptoms
after treatment (Mayou et al, 2002).
Hippocampus and vmPFC have often been implicated in

PTSD; however, in the current study, no differences between
patients and controls, or remitted and persistent patients in
these regions were observed. The hippocampus and the
vmPFC are particularly involved in fear extinction recall
(Milad et al, 2007), because of which these brain regions are
thought to be implicated in trauma-focused therapy.
However, the emotional processing task used here does not
present fear-evoking cues and does not measure extinction
learning and recall. Therefore, it does not rely so much on
the fear and extinction learning circuit (including the vmPFC
and hippocampus), but recruits areas for directing attention
and detecting salient stimuli, that is, the salience network.
This very likely explains the absence of group differences in
the hippocampus and vmPFC. Therefore, treatment studies
that investigate fear inhibition are needed to improve our
understanding of the role of the vmPFC and hippocampus in
trauma-focused therapy.
Even though amygdala activation predicted persistence of

symptoms and differed between remitted and persistent
PTSD patients, neither of the two PTSD groups differed from
the control group at either time point (pre- or post-
treatment). This is in accordance with the absence of group
differences in amygdala response between patients and
controls as observed in our pretreatment study (van Rooij
et al, 2014) and a previous PET study (Phan et al, 2006). It is
supported by our earlier conclusion that heightened
amygdala reactivity, often observed in PTSD in response to
trauma-related cues (Etkin and Wager, 2007; Patel et al,
2012), does not extend to trauma-unrelated negative stimuli.
In contrast to our study and Phan et al (2006), in which only
males were included, two studies with predominantly female
PTSD patients did observe an increased amygdala response
to negative IAPS pictures. This could indicate an effect of
gender on the amygdala response, as was suggested
previously (van Rooij et al, 2014). The difference in
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amygdala activation between patient groups was no longer
observed post-treatment, because only persistent patients
showed a habituation effect at the level of the amygdala. This
finding suggests that in the persistent patients trauma-
focused therapy has biological effects on the (aberrant)
amygdala response, but this is not sufficient for recovery,
potentially due to the alterations in the salience network
(dACC and insula).
Our results indicate that PTSD patients cannot be

considered a homogenous patient group. Persistent PTSD
patients are a specific subgroup of patients with distinct
neurobiological characteristics (see also van Rooij et al,
2015). Although all patients within the study qualified as a
‘PTSD case,’ those who do not recover are distinct in their
symptom presentation and concordantly have different brain
functioning. Individuals who have elevated hyperarousal do
not respond to trauma-focused therapy, because key regions
associated with this circuit are functioning differently. For
such individuals, one would hypothesize that new treatments
that alter the functioning of these regions are warranted. The
information of the current study can be used to consider
alternative treatments, such as targeting the dACC with
cognitive training, neurofeedback, or brain stimulation, as
previously proposed by Etkin (2012).

Limitations, Strengths, and Future Directions

This study is limited in several respects. First, all patients
received trauma-focused therapy, but we did not intervene in
the treatment procedure and were thus studying treatment as
usual. Although this allows for better generalization to actual
treatment, it limits us in making specific predictions about the
number of sessions or type of treatment. It is important to note
that groups did not differ with respect to type of treatment and
number of treatment sessions. Furthermore, we did not
distinguish tfCBT and EMDR, because we were interested in
the shared mechanism of exposure. However, investigating the
two treatments separately could potentially increase our
understanding of mechanisms specific to one of these
treatments, and is suggested when treatment is controlled.
Second, differentiating remitted and persistent patients

resulted in some pretreatment group differences, that is,
persistent patients had more hyperarousal symptoms result-
ing in a larger pretreatment CAPS score and more persistent
patients fulfilled the criteria for a comorbid anxiety disorder.
As this is a naturalistic study, we were not able to control
these factors beforehand; however, it is unlikely that these
differences influenced our findings. The baseline activation
levels did not correlate with baseline CAPS (cluster) scores.
Second, the main effect of group for the dACC and insula is a
reflection of a group difference at both time points as the
group differences are comparable for both time points
separately. Finally, we analyzed the effect of potential
confounding factors in the regression model, and pretreat-
ment activation of the dACC, insula, and amygdala
significantly predicted treatment outcome even after con-
trolling for pretreatment CAPS score, comorbidity, and other
potential confounding factors.
Childhood trauma is often associated with PTSD, but in

this study there are no indications that childhood trauma
had a significant role in PTSD or in the ability to recover.
One possible explanation is the relatively low levels of

childhood trauma in our sample. Therefore, research
conducted in a sample with higher levels of childhood
trauma exposure should investigate its relationship with
treatment outcome. Additionally, future studies should
replicate this study in a civilian and female sample, because
in the current study only male war veterans were included.
Even though a control group is interviewed and scanned at

both time points to control for the effects of time and
repeated testing in general, future studies should include a
waitlist control group to account for the effects of time,
regression to the mean, and natural symptom fluctuations.
Moreover, replication and substantiation are necessary
before these results are used as actual predictive biomarkers
for clinical purposes. As Galatzer-Levy et al (2013) observed
that remitted patients could be distinguished from trauma
controls and persistent patients as early as 10 days post-
trauma, it would be relevant to study trauma survivors soon
after trauma exposure to investigate if neural correlates can
contribute to an early identification of patients who will and
who will not recover.

CONCLUSION

The present study has potential implications for the
prognosis and prediction of treatment success for individuals
with PTSD. We highlight a pattern of brain activation that
could be considered a marker for persistence of PTSD after
trauma-focused therapy. Increased activation of the dACC,
insula, and amygdala, the core nodes of the salience network,
indicate an attentional bias to negative stimuli. This
hyperactivation can prevent the processing of safety
information, which is essential for successful trauma-
focused therapy. Results from this study can therefore be
used to explore alternative or additional treatment options
for these patients. Furthermore, this study shows that
patients cannot be considered a homogenous group, and
further research is needed to elucidate this heterogeneity and
investigate its relation to treatment outcome. Differences in
neural function represent a promising avenue for such
research. These approaches constitute a critical step towards
the identification of parameters to individualize PTSD
treatment in the future.
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