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Abstract

Interpersonal violence (IPV) is one of the most frequent causes for the development of posttraumatic stress disorder (PTSD)
in women. Trauma-related triggers have been proposed to evoke automatic emotional responses in PTSD. The present
functional magnetic resonance study investigated the neural basis of trauma-related picture processing in women with
IPV-PTSD (n¼18) relative to healthy controls (n¼18) using a newly standardized trauma-related picture set and a non-
emotional vigilance task. We aimed to identify brain activation and connectivity evoked by trauma-related pictures, and as-
sociations with PTSD symptom severity. We found hyperactivation during trauma-related vs neutral picture processing in
both subcortical [basolateral amygdala (BLA), thalamus, brainstem] and cortical [anterior cingulate cortex (ACC), medial pre-
frontal cortex (mPFC), insula, occipital cortex] regions in IPV-PTSD. In patients, brain activation in amygdala, ACC, insula,
occipital cortex and brainstem correlated positively with symptom severity. Furthermore, connectivity analyses revealed
hyperconnectivity between BLA and dorsal ACC/mPFC. Results show symptom severity-dependent brain activation and
hyperconnectivity in response to trauma-related pictures in brain regions related to fear and visual processing in women
suffering from IPV-PTSD. These brain mechanisms appear to be associated with immediate responses to trauma-related
triggers presented in a non-emotional context in this PTSD subgroup.
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Introduction

The World Health Organization (2004) defines violence as “the
intentional use of physical force or power, threatened or actual,
against oneself, another person or against a group or commu-
nity that either results in or has a high likelihood of resulting in
injury, death, psychophysiological harm, maldevelopment or
deprivation” (p. 1). Interpersonal violence (IPV) is described as
violence between individuals performed by family members, in-
timate partners or the community. The US Department of
Justice estimates that 85% of IPV victims are women (U.S.
Department of Justice, 2012), who additionally have a

significantly elevated risk to develop posttraumatic stress dis-
order (PTSD) after a traumatic event, for example IPV
(Golding, 1999; Dutton et al., 2006). In addition to the substan-
tial burden of IPV in women for mental health systems (e.g.
Center of Disease Control and Prevention, 2003), women with
IPV-PTSD suffer from intense symptoms, such as vivid re-
experiencing of the traumatic event, avoidance of trauma-
relevant cues and persistent hypervigilance in consequence of
the traumatic event (American Psychiatric Association, 2000).
The diagnosis of PTSD focuses on the prominent role of
altered processing of trauma-related triggers (Criterion B;
DSM-IV-R & DSM-5; American Psychiatric Association, 2000,
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2013), such as being alone in the dark or seeing a person who
looks like the offender.

According to the cognitive model of PTSD by Ehlers and Clark
(2000), trauma-related triggers provoke sudden, intense and
automatic emotional responses. These responses lead to cogni-
tive evaluation of the traumatic memory and as a consequence
to dysfunctional reactions such as safety and avoidance behav-
ior. From a neuroscientific perspective, the question which
neurobiological mechanisms lead to hypervigilant responding to
trauma-related cues is central. This question has been investi-
gated predominantly in combat veterans for traumata related to
war, and partially also in survivors of traffic or mining accidents
(Bremner et al., 1999; Hayes et al., 2011; Hou et al., 2007).
Moreover, several important studies have investigated PTSD in
female victims of IPV, mostly using unspecific threat stimuli
(faces; Fonzo et al., 2010; eye contact; Steuwe et al., 2015; negative
words; Thomaes et al., 2009), but also trauma-related and more
complex stimuli (e.g. video clips; Moser et al., 2015).

Neuroscientific studies in PTSD patients investigating re-
sponses to trauma-related instead of unspecific threatening
stimuli are critical in order to understand the specific neural re-
sponses to triggers directly involved in the traumatic event.
Furthermore, neural correlates of trauma-related automatic
processing triggered by trauma-related pictures that did not re-
quire the in-depth evaluation of their emotional content should
be assessed. This is especially relevant for the cognitive model
of PTSD by Ehlers and Clark (2000) according to which automatic
processing of trauma-related triggers plays a decisive role in the
symptomatology of the disorder.

Neuroimaging studies have yielded amygdala hyperactiva-
tion during automatic trauma-related stimulus processing in
combat veterans suffering from PTSD (Liberzon et al., 1999;
Pissiota et al., 2002; Vermetten et al., 2007) and in PTSD patients
with other kinds of traumata (Protopopescu et al., 2005; Hou
et al., 2007). These findings, together with the amygdala’s ability
to influence neuroendocrine, autonomic, and motor responses,
indicate a key role for the amygdala in threat processing (Kim
et al., 2011). The importance of the amygdala is further under-
lined by findings demonstrating a positive correlation between
amygdala activity and symptom severity in PTSD (Rauch et al.,
1996; Shin et al., 2004; Protopopescu et al., 2005). It has been sug-
gested that especially the basolateral nucleus of the amygdala
(BLA) plays an important role in PTSD (Furini et al., 2014;
Nicholson et al., 2015; Perusini et al., 2015; Veer et al., 2015), for
example due to its involvement in fear regulation and extinc-
tion, both of which are thought to be altered in PTSD (Furini
et al., 2014; Jovanovic and Ressler, 2010).

Further studies investigating automatic trauma-related
stimulus processing in PTSD have found decreased activation in
ventral/pregenual parts of anterior cingulate cortex (ACC) and
medial prefrontal cortex (mPFC) (Bremner et al., 1999; Shin et al.,
2001; Sakamoto et al., 2005; Hou et al., 2007). Dorsal parts of these
regions have been found to be hyperactivated at least during un-
specific threat processing in PTSD (Bryant et al., 2005;
Felmingham et al., 2009; Shin and Liberzon, 2010). Due to different
roles of ventral/pregenual and dorsal parts of ACC and mPFC, it is
necessary to distinguish these regions in order to gain a better
understanding of fear processing in PTSD. In addition, hippocam-
pus and insula showed increased activation in PTSD patients
during processing of trauma-related triggers (Sakamoto et al.,
2005; Hou et al., 2007; Vermetten et al., 2007; Thomaes et al., 2009).

Taken together, the neurocircuitry of PTSD is marked by
hyperactivation (amygdala, insula, hippocampus) and hypoacti-
vation (ventral mPFC, pregenual ACC) in different fear-related

regions. Hyperactivations in (para-)limbic structures are directly
associated with PTSD symptoms (e.g. intrusions), whereas
hypoactivations of frontal regions are assumed to reflect emo-
tion regulation deficits (Patel et al., 2012).

Apart from the frequently reported brain regions described
above, additional regions involved in processing and integration
of (sensory) information are important in PTSD. Occipital re-
gions have been proposed to be relevant for abnormal visual
processing of fear-related stimuli (Bremner et al., 2003; Hendler
et al., 2003). In addition, thalamus and brainstem have been re-
ported to be involved in several PTSD-related symptoms (Kemp
et al., 2009; Patel et al., 2012; Weston, 2014; Duval et al., 2015;
Mahabir et al., 2015).

To the best of our knowledge, to date, only one study has
investigated neural responses during automatic processing of
briefly presented trauma-related triggers in women who suf-
fered from IPV-PTSD (Protopopescu et al., 2005). In this func-
tional magnetic resonance imaging (fMRI) study by
Protopopescu et al. (2005), trauma-relevant negative words were
used and the authors found amygdala hyperactivation in the
first half of their experiment. They suggested that in PTSD pa-
tients, the amygdala response is immediately present and stays
constant or diminishes over time (Protopopescu et al., 2005).

Investigation of altered functional connectivity patterns in
PTSD aids the understanding of disturbed brain networks in
this disorder. Several previous studies have taken the interplay
of the amygdala and other brain regions into account while
investigating stimulus processing in PTSD (e.g. Osuch et al.,
2008; Rabinak et al., 2011). Functional connectivity analyses
have yielded increased covariation between amygdala and in-
sula (Osuch et al., 2008; Rabinak et al., 2011) and both heightened
(with dorsal mPFC) and reduced (with ventral mPFC) amygdala-
mPFC functional connectivity (Bryant et al., 2008). Furthermore,
Sripada et al. (2012) described reduced covariation for the amyg-
dala–hippocampus connection, whereas Osuch et al. (2008)
found heightened connectivity. With regard to the ACC, Sripada
et al. (2012) found reduced covariation between the amygdala
and the rostral ACC, whereas Osuch et al. (2008) reported
increased covariation between these regions. A model postu-
lated by Weston (2014) emphasized the role of amygdala–brain-
stem as well as amygdala-occipital regions covariation patterns
with regard to hypervigilance as well as vivid re-experiencing
symptoms in PTSD. Overall, to date, functional connectivity
findings in PTSD are partially inconsistent and further work is
clearly needed.

Surprisingly, studies investigating functional connectivity
patterns in PTSD patients during processing of trauma-related
stimuli are as yet lacking. Trauma-specific approaches are ne-
cessary to understand the natural processing and the underly-
ing neural correlates of specific triggers in IPV-PTSD patients.
This study investigated trauma-related trigger processing in an
implicit emotional task in women suffering from IPV-PTSD
using interpersonal threat stimuli. For this purpose, we de-
veloped a new standardized Trauma-Related Assault Picture Set
(TRAPS-M) for patients suffering from PTSD after IPV. In accord-
ance with previous work, we hypothesized to find (a) hyperacti-
vation in amygdala, hippocampus, insula, dorsal ACC, dorsal
mPFC, occipital regions, thalamus and brainstem, and hypoacti-
vation of pregenual ACC and ventral mPFC in response to
trauma-related vs neutral cues. Furthermore, we investigated
functional connectivity during the processing of trauma-related
pictures in PTSD. Based on recent proposals, (b) we expected
decreased connectivity between amygdala and mPFC (Bryant
et al., 2008), reflecting emotion regulation deficits in PTSD
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patients. Further, we expected increased connectivity of amyg-
dala with insular cortex, occipital regions and brainstem as
postulated by Osuch et al. (2008) and the theoretical model by
Weston (2014). Since connectivity patterns between amygdala
and other regions are heterogeneous, this study aims to clarify
the interplay of amygdala and other regions in IPV-PTSD.
Furthermore, (c) we additionally investigated the relationship
between brain activation and symptom severity.

Materials and methods
Subjects

Eighteen female PTSD patients and 18 female healthy controls
(HC) participated in this study (group characteristics are sum-
marized in Table 1). As investigating neural correlates of
trauma-related processing in IPV-PTSD patients was central to
this study, the experience of a trauma related to IPV (e.g. rape,
sexual, physical abuse) at least once during the lifespan was an
inclusion criterion for the patient group. All PTSD patients ful-
filled the diagnostic criteria for PTSD as primary diagnosis ac-
cording to the DSM-IV-TR (American Psychiatric Association,
2000), as assessed by the German version of the Structured
Clinical Interview for DSM-IV (SCID; Wittchen et al., 1997).
Comorbid diagnoses in PTSD patients were social anxiety dis-
order (n¼ 4), specific phobia (n¼ 1), recurring (n¼ 1) depressive
disorder (n¼ 1), chronic pain disorder (n¼ 2) and eating disorder
(n¼ 2). Two PTSD patients had been under stable SSRI-
medication (selective serotonin reuptake inhibitor) for at least
3 months. All participants had normal or corrected-to-normal
vision and were right-handed as determined by the Edinburgh
Handedness Inventory (Oldfield, 1971). Written informed con-
sent was obtained from each subject. Participants were re-
cruited via public announcements in newspapers and were paid

for participation. All experimental procedures were approved by
and conducted in accordance with guidelines of the ethics com-
mittee of Muenster (Germany). The study conforms to the
Declaration of Helsinki.

Stimuli and paradigm

In order to develop a trauma-related picture set for patients suf-
fering from IPV-PTSD (Trauma-Related Assault Picture Set
Muenster; TRAPS-M), 20 pictures depicting assault scenes were
collected from the International Affective Picture Set (IAPS;
Lang et al., 2008), 2 were collected from the Emotional Picture
Set (EmoPics; Wessa et al., 2010) and 72 from the Internet (by
searching for assault-related terms, e.g. “attack”, “weapon”,
“violence”), and additional 10 pictures were custom-made, re-
sulting in a pilot study set of 104 pictures. All 104 pictures
referred to situations of (threatening) IPV, but depicted different
situations (e.g. men hitting women; person directing a knife
against another person; assault situation; beaten persons, etc.)
in order to cover a sufficient, but necessary range of possible
interpersonal-violence situations. The pictures were rated by a
group of psychologists and clinical experts who were asked to
indicate on 4-point Likert scales (1¼not suitable, 4¼ fully suitable)
to which degree each of the 104 pictures was suitable to elicit
anxiety in PTSD patients after IPV (procedure adapted from
Hauschildt et al., 2012). For the final TRAPS-M, 50 negative pic-
tures were selected that were rated as most suitable (M� 2.5)
and checked for variability of picture content in order to ensure
a heterogenous set. Subsequently, 50 neutral pictures from the
IAPS and EmoPics were matched for color, luminance, central
object/person, number of persons, facial expression, depicted
location (inside/outside) and complexity (all P> 0.050). Stimuli
characteristics and description of the TRAPS-M are summarized
in Table 2.

Table 1. Demographic and clinical characterization

IPV-PTSD M 6 SD (Range) HC M 6 SD (Range) t-value P-value

n 18 18 – –
Age (years) 26.61 6 5.78 26.33 6 8.83 t(34)¼�0.112 P ¼ 0.912

(19–38) (18–51)
Level of education (years in school) 12.69 6 1.20 12.83 6 0.51 t(32) ¼ 0.471 P ¼ 0.641

(10–14) (12–14)
Questionnaire data
PDSa 23.50 6 9.88 0.50 6 0.71 t(34)¼�9.84 P < 0.050

(7–43) (0–2)
PTCIb 3.35 6 1.31 1.12 6 0.16 t(34)¼�7.15 P < 0.050

(1.39–5.33) (1–1.55)
FDS-20c 2.20 6 1.20 0.24 6 0.29 t(34)¼�4.13 P < 0.050

(0.25–7.05) (0–1.05)
BDI-IId score 19.72 6 10.58 1.44 6 1.42 t(34)¼�7.26 P < 0.050

(5–35) (0–4)
Comorbidities (DSM-IV)
Pain disorder (DSM 307.8) 1
Anorexia nervosa (DSM 307.1) 1
Social anxiety disorder (DSM 300.23) 2
Recurrent mild depression (DSM 296.31) 1

IPV-PTSD, interpersonal violence posttraumatic stress disorder; HC, healthy controls.
aGerman version by Anke Ehlers (unpublished) of the Posttraumatic Diagnostic Scale (Foa et al., 1997).
bGerman version by Anke Ehlers (unpublished) of the Posttraumatic Cognition Inventory (Foa et al., 1999).
cGerman version (Spitzer et al., 2005) of the Dissociative Experiences Scale (Bernstein and Putnam, 1986).
dGerman version (Hautzinger et al., 2009) of the Beck Depression Inventory (Beck et al., 1996).
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Each of the 50 trauma-related and 50 neutral pictures was
presented once during the event-related functional run (8 min
19 s). Pictures were presented for 800 ms. Order was counterbal-
anced and pseudo-randomized with optseq (http://www.surfer.
nmr.mgh.harvard.edu/optseq/), which implements temporal jit-
ter to increase signal discriminability (Dale et al., 1999). Between
picture presentations, a white fixation cross occurred for an
average interval of 3915 ms (jittered between 1280 and
15320 ms). A vigilance task was implemented to ensure that
participants looked at the pictures, without any requirement to
process the emotional content of pictures in depth (non-
emotional low level context). To this end, participants were
told to press a button with their right index finger whenever
a blurred picture occurred (overall five trials). Blurred pictures
[originally EmoPics, see Wessa et al., 2010, blurred with
Adobe Photoshop CS6 (version 13.0.1, Adobe Systems Inc.,
San Jose, CA)] were randomly presented during the experi-
ment. This task aimed to create a situation in which a natur-
alistic and immediate response to unpredictably appearing
trauma-triggers in a non-emotional context could be investi-
gated. Stimuli were presented using Presentation 17.2
(Neurobehavioral Systems, Inc, Albany, CA) and rear-
projected via a Liquid Crystal on Silicon projector (DLA-RSxx,
JVCKenwood USA Corporation, USA) onto a screen, which the
participants saw through a mirror on the magnetic resonance
imaging head coil. Before fMRI-scanning, participants were
trained on a PC to perform the task in a 5-min training ses-
sion outside the scanner. Within 1 week after the fMRI-
scanning session, participants rated the pictures on 9-point-
Likert scales with regard to valence (1¼negative to 9¼ positive),
arousal (1¼ calm to 9¼ intense) and anxiety (1¼no anxiety to
9¼high anxiety). Right after this rating session, all PTSD pa-
tients were invited to talk about their experiences and emo-
tional pressure during the days after scanning.

Rating data analysis

Rating data were analyzed with repeated-measures analyses of
variance (ANOVAs). For each rating scale (valence, arousal, anx-
iety), we used a 2 � 2 design, with between-subject factor group
(PTSD patients, HC) and within-subject factor emotion (trauma-

related, neutral). For ANOVAs, a probability level of P< 0.050
was considered statistically significant.

fMRI image acquisition and analysis

Scanning was conducted on a 3-T scanner (Magnetom Prisma;
Siemens, Erlangen, Germany). First, a T1-weighted anatomical
scan was acquired. The functional run consisted of 255 volumes
(36 axial slices per volume, thickness¼ 3 mm, gap¼ 0.3 mm, in-
plane resolution¼ 2.26 � 2.26 mm, orientated at a tilted angle to
the anterior–posterior commissural plane) using a T2*-weighted
echo planar sequence. The first 10 volumes were discarded to
ensure steady-state tissue magnetization. Image preprocessing
and analyses were performed using BrainVoyager QX 2.8.4
(Brain Innovation, Maastricht, The Netherlands). All volumes
were realigned to the first volume, corrected for slice time
errors, and spatially (6-mm full-width half-maximum isotropic
Gaussian kernel) and temporally (high-pass filter, 10 cycles per
run; low-pass filter, 2.8 s) smoothed. Anatomic and functional
images were co-registered and normalized to Talairach space
(Talairach and Tournoux, 1988). Statistical analysis was per-
formed using multiple linear regression of the signal time
course at each voxel. The blood oxygen level-dependent (BOLD)
signal change was modeled with a two gamma hemodynamic
response function (HRF) for each event type. We conducted a
small-volume correction analysis for a priori defined regions of
interest (ROIs)—amygdala, ACC, mPFC, hippocampus, insula,
occipital cortex, thalamus and brainstem—to replicate earlier
findings in PTSD patients. All ROIs were created according to
the Automated Anatomical Labeling atlas (AAL; Tzourio-
Mazoyer et al., 2002; Maldjian et al., 2003) and were transformed
into the Talairach space (according to Lancaster et al., 2007)
using ICBM2TAL in Matlab (MATLAB 2012b, The MathWorks,
Inc., Natick, MA). A ROI for the brainstem was downloaded from
the digitized version of the Talairach atlas (http://www.talair
ach.org/nii/gzip/). For ROI analyses, we used a random-effects
model (z-transformation) with three predictors (blurred pic-
tures, trauma-related pictures and neutral pictures) and a con-
stant predictor for regression estimation. Based on this
regression model for each patient, we calculated a 2 (trauma-
related/neutral) � 2 (PTSD patients/HC) design for group com-
parison. First, voxel-level threshold was set at P< 0.005

Table 2. Characteristics of the trauma-related affective picture set—muenster (TRAPS-M)

TRAPS-Ma Trauma-related pictures M (SD) Neutral pictures M (SD) P-value

Content (v2-test) Central focusb 1.32 (.47) 1.34 (.48) P ¼ 1.00
Number of peoplec 1.56 (1.49) 1.54 (1.72) P ¼ 0.367
Central faced 2.32 (.84) 2.3 (.79) P ¼ 0.509
Complexitye 2.24 (.43) 2.36 (.49) P ¼ 0.275
Locationf 1.6 (.49) 1.72 (.45) P ¼ 0.291

Picture properties (t-test; df¼98) RGB 94.75 (28.72) 103.61 (19.42) P ¼ 0.074
Red 102.49 (31.50) 110.98 (17.39) P ¼ 0.098
Green 93.88 (29.05) 103.12 (20.93) P ¼ 0.071
Blue 87.87 (30.62) 95.80 (24.37) P ¼ 0.155
Luminance 95.78 (28.90) 105.11 (18.90) P ¼ 0.059

aTrauma-Related Affective Picture Set – Muenster (developed in Muenster, Germany).
b1—people, 2—object, 3—animal, 4—nature.
cNumber of people on the picture: 0, 1, 2, 3, 4, 5, 6–15 (counted as “6”),>15 (counted as “7”).
d1—yes (emotional expression in the foreground), 2—no (no face in the foreground), 3—no face.
e1—central object, simple background, 2—central object, complex background or many objects, simple background, 3—many objects, complex background.
f1—inside, 2—outside.
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(uncorrected). Thresholded maps were then submitted to an
ROI-based correction criterion based on the estimate of the
map’s spatial smoothness and on an iterative procedure (Monte
Carlo simulation as implemented in BrainVoyager). After 1000
iterations, the minimum cluster size threshold that yielded a
cluster-level false-positive rate of 1.67% (Bonferroni correction
for three tests) was applied to the statistical maps. For cluster
thresholding, we used three masks [(a) a ROI-mask comprising
ACC, mPFC, insula, hippocampus, thalamus, brainstem, oc-
cipital region; (b) an amygdala-mask comprising amygdala; (c)
a whole brain-mask]. Cluster size for amygdala was checked
with an amygdala ROI (dilating factor of 1 mm) due to its
small size and to avoid missing relevant activation.
Amygdala subnuclei investigation was implemented by max-
imal voxel analysis using anatomical probability maps of the
Anatomy toolbox (Amunts et al., 2005; Eickhoff et al., 2005).
ACC and mPFC clusters were subdivided into ventral/prege-
nual and dorsal parts (Shin et al., 2007; Shin and Liberzon,
2010). Planned comparisons were realized using SPSS soft-
ware (Version 23; SPSS, Inc., Chicago, IL).

For connectivity analysis, we used psychophysiological
interaction (PPI; O’Reilly et al., 2012) as implemented in Neuroelf
(neuroelf.net). To determine whether or not the BOLD changes in
the BLA (using the significant differential amygdala effect as
seed region) were related to BOLD changes in other regions
(mPFC, ACC, insula, hippocampus, occipital regions, thalamus,
brainstem), we defined a functional volume of interest based on
the relevant contrast effect in the left BLA. First, we extracted
the BOLD signal time course from this seed region (physiological
predictor). Then, we contrasted the HRF representing trauma-
related pictures and the HRF representing neutral pictures
(psychological predictor). Lastly, we convolved the physio-
logical regressor with the psychological regressor in order to
obtain a psychophysiological predictor. This psychophysio-
logical as well as the physiological predictor were included in
the random-effects model specified above. Checking for
significant cluster size was performed as described above. To
resolve PPI group effects, planned comparisons were con-
ducted for HC and PTSD separately using one-sample t-tests
at a< 0.025. Furthermore, we calculated a ROI-based paramet-
ric modulation of anxiety ratings to confirm PPI ROI results.
To this end, we performed a time course modulation of
trauma-related picture presentation by individual anxiety
rating data. Correlations between symptom severity in PTSD
and brain activity during processing of trauma-related triggers

were analyzed with an analysis of covariance (ANCOVA)
within PTSD patients using a German version (Ehlers et al.,
unpublished, 1996) of the Posttraumatic Diagnostic Scale
(Foa et al., 1997) as a covariate.

Results
Subjects

PTSD patients and HC did not differ regarding age (t(34)¼�0.11,
P¼ 0.912), education (number of years in school; t(34)¼ 0.45,
P¼ 0.641) and handedness (t(34)¼ 0.79, P¼ 0.431). PTSD patients
as compared to HC revealed significantly higher scores in PTSD
symptom severity and PTSD-associated symptoms
(Posttraumatic Diagnostic Scale (PDS): t(34)¼�9.84;
Posttraumatic Cognition Inventory (PTCI): t(34)¼�7.15;
Dissociative Experiences Scale (FDS-20): t(34)¼�4.13, all
P< 0.050). As expected, PTSD patients as compared with HC
self-rated their depressive symptoms as more severe, as indi-
cated by significantly higher scores on the Beck Depression
Inventory (BDI-II; t(34)¼�7.26, P< 0.050).

Rating data

Analyses of post-scanning rating data showed that both PTSD
patients and HC subjects rated trauma-related pictures as more
unpleasant (as shown in significantly lower valence ratings for
trauma-related vs neutral pictures; F[1,34]¼ 214.15, P< 0.005),
more arousing (F[1,34]¼ 164.25, P< 0.005), and more anxiety-
eliciting (F[1,34]¼ 128.43, P< 0.005) than neutral pictures. PTSD
patients rated all pictures as more unpleasant (as shown in sig-
nificantly lower valence ratings by PTSD patients vs HC;
F[1,34]¼ 10.86, P< 0.005), more arousing (F[1,34]¼ 15.44, P< 0.005),
and more anxiety-eliciting (F[1,34]¼ 18.35, P< 0.005) than con-
trols. For anxiety ratings, we found a group � emotion inter-
action (F[1,34]¼ 5.73, P¼ 0.022). Figure 1 shows that the
interaction effect is driven by the higher anxiety ratings of PTSD
patients relative to HC for trauma-related vs neutral. Taken to-
gether, these results indicate that the TRAPS-M picture set is
suitable to elicit anxiety in PTSD patients.

fMRI data

ROI analysis revealed an emotion � group interaction in left BLA,
left dorsal ACC/mPFC, left ventral/pregenual ACC/mPFC, left
dorsal ACC, right pregenual ACC, right dorsal mPFC, left insula,
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Fig. 1. Ratings of trauma-related and neutral pictures on the dimensions valence, arousal and anxiety, shown separately for patients suffering from PTSD and HC.

Graphs show means (6 SD). 9-point Likert scales were as follows: valence—1¼negative, 5¼neutral, 9¼positive; arousal—1¼ calm, 9¼ intense; anxiety – 1¼ low,

9¼high.
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right hippocampus, bilateral brainstem, right thalamus and bi-
lateral occipital cortex (left middle and superior cluster, right
superior cluster) (Table 3, Figures 2 and 3). Planned comparisons
for trauma related as compared with neutral pictures revealed
significant activation differences in the IPV-PTSD but not the
HC group in the following ROIs (Table 3): left BLA, left dorsal
ACC/mPFC, left ventral/pregenual ACC/mPFC, left dorsal
ACC, right pregenual ACC, right dorsal mPFC, left insula, right
thalamus and left middle occipital cortex. Right hippocampus
and left brainstem showed significant activation differences in
HC but not in IPV-PTSD for the relevant contrast. In bilateral
brainstem and right superior occipital cortex, activation differ-
ences were found in both groups (PTSD: trauma-related>neu-
tral; HC: neutral> trauma-related). Planned comparison in left
superior occipital cluster failed to reach significance in both
groups.

PPI analysis revealed higher connectivity in PTSD patients as
compared with HC between the left amygdala seed region (BLA)
and the following regions: left dorsal ACC/mPFC, right dorsal
ACC, bilateral insula, left hippocampus and left brainstem
(Table 4, Figure 4). We did not find any hypoconnectivities be-
tween left amygdala and other relevant brain regions for the
trauma-related vs neutral picture contrast. The connectivity
pattern between left amygdala and left dorsal ACC/mPFC was
driven by coupling in the PTSD group and decoupling in the HC
group. Connectivity patterns between left amygdala and the fol-
lowing regions were driven by coupling in the HC group: right
dorsal ACC, left insula, left brainstem. Left amygdala and left
hippocampus activation was marginally significant for a cou-
pling in the PTSD group (P¼ 0.026). Left amygdala and right in-
sula connectivity could not be explained by different coupling
patterns within each group.

Correlation analysis revealed positive correlations between
symptom severity in PTSD patients and different brain ROIs: left
amygdala, bilateral dorsal ACC, bilateral insula, bilateral

occipital cortex and right brainstem (Table 5, Figure 5). Further
correlation analysis revealed no significant correlations be-
tween symptom severity and other regions in the whole brain
analysis. These results indicate that greater symptoms severity
in PTSD is associated with increased neural activity in a-priori
defined regions.

fMRI data—additional analysis

ROI-based parametric analysis of anxiety ratings. ROI-based para-
metric analysis of anxiety ratings to resolve PPI results con-
firmed nearly all ROIs as revealed in PPI analysis, namely the
following regions: left dorsal ACC/mPFC, right dorsal ACC, left
insula and left brainstem. Parametric analysis of anxiety
ratings confirmed missing connectivity between left amyg-
dala and right insula as well as left amygdala and left
hippocampus as reported in the PPI analysis. Results of the
ROI-based parametric analysis of anxiety ratings can be found
in S-Table 6.

Whole brain analysis of the emotion 3 group interaction. Whole
brain analysis revealed increased activity in the following re-
gions for trauma-related vs neutral processing: bilateral superior
temporal gyrus (STG), left fusiform face area (FFA), left mid-
dle temporal gyrus, bilateral middle frontal gyrus, bilateral su-
perior frontal gyrus, left inferior frontal gyrus, bilateral medial
frontal gyrus, right postcentral gyrus, right parahippocampal
gyrus, bilateral subcallosal gyrus, bilateral precuneus, bilateral
posterior cingulate cortex(PCC)/precuneus, left PCC, left cauda-
tus and left putamen. All regions of the ROI analysis were con-
firmed by the whole brain analysis. Only one of these regions
was significantly correlated with symptom severity (inferior
frontal gyrus). Whole brain results for trauma-related vs neutral
picture processing can be found in the supplement (S-Figure 6,
S-Table 7).

Table 3. ROI analysis: significant hyperactivations for trauma-related compared with neutral pictures for IPV-PTSD patients compared with
healthy controls

Region Laterali-
zation

Talairach coordinates
of peak voxel

Cluster
size (mm3)

t-value
average

t-value
maximum

t-value
IPV-PTSD df(17)

t-value
HC df(17)

x y z

ACC/mPFC (ventral) L �11 48 6 9093 3.09* 4.33 3.56** 0.03
ACC/mPFC (dorsal) L �9 24 42 416 2.96* 3.41 3.37** �0.58*
ACC (dorsal) L �6 28 27 80 2.89* 3.16 3.47** �0.03*
ACC (dorsal) L �4 32 16 192 2.91* 3.18 2.48** �1.10**
ACC (ventral) R 14 40 �1 1137 3.07* 3.91 2.69** �2.01**
mPFC (dorsal) R 15 50 21 276 3.01* 3.71 3.75** �0.87*
Insula L �33 8 �5 104 3.03* 3.56 3.88** 0.44
Hippocampus R 32 �24 �19 144 3.27* 4.08 1.31** �3.32**
Thalamus R 6 �20 2 176 3.05* 3.71 4.80** 0.37
Thalamus R 10 �16 19 469 3.19* 4.17 3.25** �2.02**
Occipital cortex L �32 �74 29 64 2.83* 2.99 1.71** �2.06**
Occipital cortex L �40 �78 15 134 2.99* 3.30 3.36** �.23*
Occipital cortex R 38 �82 25 772 2.96* 3.37 2.32** �2.46**
Brainstem L �6 �12 �13 64 2.97* 3.29 1.39** �2.20**
Brainstem L �2 �30 �23 190 2.95* 3.24 2.55** �2.49**
Brainstem R 4 �30 �21 469 2.93* 3.18 2.15** �3.63**
Amygdala L �22 �8 �9 136 3.07* 3.47 4.44** 0.29

ROI, region of interest; IPV-PTSD, interpersonal violence posttraumatic stress disorder; HC, healthy controls; L, left; R, right; ACC, anterior cingulate cortex; mPFC,

medial prefrontal cortex; P�0.005 uncorrected, and P�0.050 corrected; *significant interaction; **significant planned comparisons.
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Whole brain analysis of PPI analysis. Whole brain results of PPI
analysis with the left amygdala seed region revealed the follow-
ing regions: increased connectivity pattern with right STG, bilat-
eral BA28, right parahippocampal gyrus, right middle temporal
gyrus, bilateral middle frontal gyrus, right medial frontal gyrus,
right inferior temporal gyrus, left inferior parietal gyrus and
decreased connectivity pattern with right BA7, right middle tem-
poral gyrus and right postcentral gyrus. Whole brain results of
PPI analysis are found in the supplement (S-Figure 7, S-Table 8).

Whole brain analysis of main effects of emotion and group. Results
of effects of emotion (trauma-related vs neutral) and group

(PTSD vs HC) are found in supplementary material (S-Table 9, S-
Table 10).

Discussion

The aim of this study was to investigate brain activation and
functional connectivity patterns during processing of visual
trauma-related triggers in female patients suffering from IPV-
PTSD using a novel set of standardized trauma-related pictures
presented during a non-emotional vigilance task. Results re-
vealed increased activation to trauma-related vs neutral pic-
tures in the BLA, dorsal mPFC, dorsal and pregenual ACC,
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Fig. 2. (A) Estimated brain activation for differential effects (trauma-related vs neutral pictures) in patients suffering from PTSD and HC in a priori defined regions of

interest (all P<0.050 corrected). (B) Estimated brain activation separately for trauma-related and neutral pictures in PTSD and HC. Note that occipital cortex figures are

scaled from �2 toþ4. Parameter estimates for HC are shown in white, for PTSD in black. PTSD patients showed increased activation in left pregenual ACC/ventral med-

ial prefrontal cortex (mPFC), bilateral dorsal ACC, right dorsal mPFC, left insula, right thalamus, bilateral brainstem and occipital cortex. HC showed increased activa-

tion in right hippocampus, bilateral brainstem and occipital cortex. Pg, pregenual; c, cortex; n.s., not significant.
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insula, occipital regions, brainstem and thalamus in IPV-PTSD
as compared with controls. Correlation analysis yielded a posi-
tive correlation between symptom severity in patients with IPV-
PTSD and brain activation in amygdala, ACC, insula, occipital
cortex and brainstem. Functional connectivity analysis showed
higher connectivity between left BLA and other fear-related
regions.

Overall, the current findings of amygdala hyperactivation
support a key role of the amygdala in PTSD (Liberzon et al., 1999;
Rauch et al., 2000; Jovanovic and Ressler, 2010; Patel et al., 2012).
Moreover, our findings corroborate the results of Protopopescu
et al. (2005), which revealed amygdala activation in response to
trauma-related words in female IPV-PTSD patients. Particularly,
the BLA appears to be involved in PTSD or PTSD-related

symptoms during visual implicit trauma-related trigger pro-
cessing in this study. The BLA is known as the main entrance
center for information about the external environment from
sensory regions (e.g. thalamus) and therefore plays an import-
ant role in detecting relevant stimuli. Due to its strong connec-
tions to the amygdala’s centromedial nucleus, which is crucial
for behavioral output processes, the BLA is able to potentiate
fear responses via these projections (Janak and Tye, 2015). In
this study, we provide evidence for the BLA’s essential function-
ing in detecting trauma-related stimuli in an automatic context.

In addition to amygdala hyperactivation, increased activa-
tion was also found in the insula, in accordance with previous
studies showing insula hyperactivation in PTSD patients in re-
sponse to trauma-related (Vermetten et al., 2007) and trauma-
unrelated stimuli (e.g. Whalley et al., 2009). Given the insula’s
important role in processing the meaning and prediction of
(aversive) bodily states (Paulus and Stein, 2006; Craig, 2009;
Patel et al., 2012), this hyperactivation may reflect perception of
aversive bodily changes during trauma-related trigger process-
ing. This is in line with models of PTSD proposing that insula
activation is associated with the experience and interpretation
of interoceptive states as dangerous (Patel et al., 2012).

As expected, dorsal ACC/mPFC regions were hyperactivated
in response to trauma-related pictures in IPV-PTSD patients in
this study. This result is in line with previous PTSD studies re-
porting hyperactivity in dorsal parts of ACC/mPFC regions dur-
ing general (Bryant et al., 2005; Felmingham et al., 2009; Shin and
Liberzon, 2010) and trauma-related threat processing (Moser
et al., 2015). It appears that dorsal parts of the ACC/mPFC are ra-
ther involved in emotion generation or processing, whereas
ventral/pregenual parts are associated with emotion regulation
processes (Devinsky et al., 1995; Viviani, 2014; Duval et al., 2015;
Etkin et al., 2015). We found a significant correlation between
brain activation in dorsal ACC and symptom severity in IPV-
PTSD, suggesting that activation in this area is not simply
driven by general differences between patients and controls but
by the intensity of PTSD symptomatology. Furthermore, we
found higher connectivity between BLA and dorsal ACC/mPFC.
This is in line with prior findings, highlighting the role of these
regions’ interplay during emotion processing by the excitatory
influences of the amygdala on mPFC (Gilboa et al., 2004; Bryant
et al., 2008). Although the direction of influence could not be de-
tected with PPI, this coupling suggested an interplay between
amygdala, involved in automatic stimulus detection, and med-
ial prefrontal regions, involved in subsequent responses to
trauma-relevant stimuli. Interestingly, we found activation in
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Fig. 3. (A) Estimated brain activation for the differential effect (trauma-related vs

neutral pictures) in patients suffering from PTSD and HC in a priori defined

amygdala region of interest (P<0.050 corrected). (B) Estimated brain activation

separately for traumarelated and neutral pictures in PTSD and HC. Parameter

estimates for HC are shown in white, for PTSD in black. PTSD patients showed

increased activation in left BLA. n.s., not significant.

Table 4. PPI analysis: significant differences in connectivity patterns for the contrast trauma-related>neutral scenes in IPV-PTSD patients vs
HC

Seed region PPI
region

Lateralization Talairach coord.
of peak voxel

Cluster size
(mm3)

t-value
average

t-value
maximum

t-value
IPV-PTSD df(17)

t-value
HC df(17)

x y Z

Amygdala (left) BLA ACC/mPFC (dorsal) L �10 33 18 1432 3.21* 4.52 2.71** �2.84**
ACC (dorsal) R 9 10 29 168 3.06* 3.67 2.10** �2.68**
Insula L �23 23 11 184 3.24* 4.03 1.86** �2.87**
Insula R 34 �8 21 72 2.85* 3.00 1.26** �2.32**
Hippocampus L �28 �6 �27 144 2.92* 3.16 2.43(* �2.35**
Brainstem L �2 �16 �7 240 3.27* 3.96 2.25** �2.74**

PPI, psychophysiological interaction; IPV-PTSD, interpersonal violence posttraumatic stress disorder; HC, healthy controls; coord., coordinates; L, left; R, right; BLA,

basolateral nucleus; ACC, anterior cingulate cortex; mPFC, medial prefrontal cortex; P�0.005 uncorrected, and P�0.050 corrected; *significant interaction; **significant

planned comparisons; (**) P¼0.026.
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ventral/pregenual parts of ACC and mPFC, but did not observe
altered connectivity between amygdala and ventral/pregenual
ACC/mPFC regions or a correlation between ventral/pregenual
ACC/mPFC activation and symptomatology in IPV-PTSD pa-
tients. To date, only one previous study had found increased
ventral frontal activation using trauma-related smell as a cue in
PTSD patients. The authors interpreted this activation as medi-
ation of emotional processes related to behavior and emotion

regulation (Vermetten et al., 2007). Previous studies, which re-
ported ventral/pregenual mPFC/ACC deactivation, differ with
regard to stimulus presentation time during the experiments,
which ranged between 1.5 (Shin et al., 2001) and 30 s (Bremner
et al., 1999). In this study, stimulus presentation time was much
shorter (800 ms), suggesting early initial emotion regulation
processes as shown by hyperactivation in ventral frontal re-
gions in IPV-PTSD. In this study, participants were confronted
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Fig. 4. PPIs seeded from differential activation (trauma-related vs neutral pictures) in left amygdala (as shown in Figure 3). Regions showing higher PPI connectivity (all

P<0.050 corrected) between patients suffering from PTSD and HC with the seed region in left amygdala: significant differences were found in left dorsal ACC/dorsal

medial prefrontal cortex (mPFC) for both groups, right dorsal ACC for HC, left insula for HC, left hippocampus (marginally significant for PTSD) and left brainstem (HC).

Asterisks mark significance against baseline.

Table 5. Correlation analysis of symptom severity (PDSb) and brain activation of trauma-related compared with neutral pictures in IPV-PTSD
patients

Region Lateralization Talairach coordinates of peak voxel Cluster size (mm3) r average

x y z

ACCa (dorsal) L �9 9 28 1660 0.80*
ACCa (dorsal) R 17 33 24 1173 0.78*
ACC (dorsal) R 5 7 42 412 0.71*
Insulaa L �35 21 6 1345 0.81*
Insula L �35 11 �4 1139 0.77*
Insulaa R 35 �7 �4 634 0.75*
Insula R 45 13 4 104 0.64*
Insula R 27 �21 18 152 0.72*
Insula R 31 9 4 146 0.71*
Occipital cortexa L �12 �91 26 1256 0.70*
Occipital cortex L �45 �65 0 338 0.66*
Occipital cortex L �27 �82 12 176 0.66*
Occipital cortexa R 15 �77 25 118 0.73*
Occipital cortex R 9 �90 28 3595 0.71*
Occipital cortex R 47 �71 �6 589 0.64*
Occipital cortex R 31 �79 �10 232 0.70*
Brainstema R 7 �29 �20 152 0.72*
Amygdalaa L �25 �11 �11 183 0.79*

IPV-PTSD, interpersonal violence posttraumatic stress disorder; L, left; R, right; ACC, anterior cingulate cortex; P� 0.005 uncorrected, and P�0.050 corrected.
aCorrelation pictures in Figure 4; *significant correlation.
bGerman version by Anke Ehlers (unpublished) of the Posttraumatic Diagnostic Scale (Foa et al., 1997).
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with visual trauma-related triggers in a non-emotional vigilance
task that initiated automatic threat processing. Thus, we as-
sume that PTSD patients are trying to regulate emotional re-
sponses, but possibly with the need of higher effort and maybe
in a dysfunctional way. This hypothesis is strengthened by the
lack of connectivity between BLA and ventral/pregenual ACC/
mPFC regions, suggesting a missing link between fear regulation
processes in frontal regions and down-regulation of the amyg-
dala during automatic trauma-related trigger processing (Etkin
et al., 2015). Interestingly, in contrast to dorsal frontal activation,
ventral frontal activation was independent of symptom severity

in IPV-PTSD. This result indicates independence of symptom se-
verity and early emotion regulation processes in IPV-PTSD.

In hippocampus, we detected a significant difference
between IPV-PTSD and HC, with hyperactivation for trauma-
related as compared with neutral pictures. Further analysis
showed that this effect was mainly driven by reduced activation
to trauma-related as compared with neutral stimuli in HC. In
HC, hyperactivation during processing of neutral pictures might
be associated with the hippocampus’ role in memory processes.
Especially posterior parts of the hippocampus are involved in
(autobiographical) memory functions (Fanselow and Dong,
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2010; Bonnici et al., 2013). Thus, we speculate that hippocampal
activation in HC might be explained by higher autobiographical
relevance for neutral relative to IPV-PTSD trauma-related pic-
tures in the current study. Concerning PTSD, a meta-analysis of
Hayes et al. (2012) showed heterogenous findings with regard to
hippocampal activations. The authors point out that it is neces-
sary to create optimal tasks for eliciting hippocampal activation
in these patients, such as learning or memory designs. Along
these lines, the lack of significant hippocampal hyperactivation
in PTSD in the current study could be explained in terms of a
task that did not specifically elicit trauma-related memory proc-
esses. Interestingly, we could show a marginally significant
hyperconnectivity between amygdala and hippocampus in
PTSD patients relative to HC. Although this result has to be in-
terpreted with caution, hyperconnectivity between amygdala
and hippocampus might be related to the retrieval of trauma-
related memories. We suggest that a coupling between amyg-
dala and hippocampus might depict the pathway of trauma-
related memory retrieval, which could potentially contribute to
the intrusive nature of trauma recollections in PTSD (criterion B
of PTSD, as described by the American Psychiatric Association,
2000; Patel et al., 2012).

Furthermore, as expected, we found hyperactivation in the
visual cortex in IPV-PTSD as compared with HC. This result is in
line with previous studies, suggesting an attention bias toward
and heightened visual processing of trauma-related material in
PTSD (e.g. Hendler et al., 2003; Weston, 2014). Furthermore, oc-
cipital regions have been shown to be associated with involun-
tary processing in PTSD (Bourne et al., 2013; Whalley et al., 2013),
proposing involvement in re-experiencing processes of PTSD
symptomatology (criterion B of PTSD, as described by the
American Psychiatric Association, 2000). In addition, we found a
modulation of occipital brain activation by symptom severity.
This finding suggests an interaction of PTSD symptomatology
and magnitude of visual processing of trauma-related triggers
at early stages of stimulus processing (White et al., 2015).

Moreover, we observed increased responses in the thalamus
for IPV-PTSD as compared with HC. Activation of the anterior
part of the thalamus during implicit trauma-related trigger pro-
cessing might be seen as a correlate of the PTSD patients’
“lower” threshold for the detection of threat in the environment
even if no explicit emotional evaluation is required. This is in
line with neurocircuitry models of PTSD which propose the
thalamus to be an important subcortical key structure during
sensory processing in PTSD (Patel et al., 2012). It should be noted
that there was no significant correlation with thalamus activa-
tion in IPV-PTSD. It appears that relevant threat information ex-
ceeds a lower alertness threshold in PTSD without further
modulation by symptom severity.

Remarkably, we detected an increased brainstem response
in PTSD for trauma-related as compared with neutral pictures,
while this pattern was reversed in HC. Hyperactivation in bilat-
eral brainstem in PTSD might be associated with hyperarousal,
a key symptom in PTSD (criterion D of PTSD, as described by the
American Psychiatric Association, 2000; Weston, 2014; i.e. hav-
ing the feeling to be always on the run). However, closer inspec-
tion of the data revealed a complex pattern of results with
lower activation to trauma-related pictures in HC. Nevertheless,
correlation analysis suggested a strong modulation of brain-
stem activation by symptom severity in IPV-PTSD patients.

As limitations of this study we have to consider the absence
of a control group that was exposed to trauma without subse-
quent development of PTSD. However, strong correlations be-
tween symptom severity within PTSD patients and brain

activation clearly indicate that our results are related to the
pathology experienced by women suffering from IPV-PTSD.
Thus, our findings are associated with symptoms in PTSD and
could not simply be explained by trauma exposure.
Furthermore, our sample included only female IPV-PTSD pa-
tients due to higher prevalence rates in women. Accordingly,
we cannot address any gender differences that might exist in
IPV-PTSD. With regard to sample characteristics, future studies
should assess diagnoses of personality disorders, since espe-
cially PTSD and borderline personality disorder are frequently
comorbid (Pagura et al., 2010). When focusing on processing of
visual trauma-related triggers by using the TRAPS-M, future
studies should additionally incorporate generally, non-trauma-
related negative pictures into their design in order to further de-
termine trauma-specificity of brain activity.

Taken together, this study advances our knowledge about
neural circuits underlying automatic processing of trauma-
related triggers in female IPV-PTSD patients. This study is the
first to focus on women after IPV-PTSD by using a novel, anxiety-
eliciting standardized trauma-related picture set for PTSD pa-
tients after IPV. We could show altered brain activation during
automatic trauma-related picture processing in BLA, dorsal
mPFC, dorsal and pregenual ACC, insula, occipital regions, brain-
stem and thalamus, with significant correlations between symp-
tom severity and activation in all regions except pregenual ACC,
mPFC and thalamus. In addition, increased functional connectiv-
ity between BLA and dorsal mPFC/ACC suggested an altered
interplay between subcortical and cortical regions in the immedi-
ate response to trauma-related triggers in PTSD.

Overall, the present findings show involvement of subcor-
tical and cortical regions in the processing of trauma-related
visual stimuli in a non-emotional vigilance task in IPV-PTSD.
The results suggest altered mechanisms of threat detection,
visual processing and subsequent emotion generation and
processing. Subcortical threat detection and cortical emotion-
processing mechanisms are interrelated. Ventral frontal activa-
tion and lack of connectivity to amygdala supports the notion of
initial early, but inaccurate, emotion regulation processes.
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