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We used magnetic resonance imaging to study brain structure in acute stress disorder (ASD) following a
psychological trauma and after 4 weeks in remission. Whole-brain voxel-based morphometry and
FreeSurfer analysis of the hippocampal formation and amygdala revealed no structural changes in ASD
(n=75) compared with trauma-exposed individuals without ASD (n=60) and community controls
(n=60). These results suggest that ASD, in contrast to posttraumatic stress disorder, is not characterized
by structural brain alterations.

Keywords:

Acute stress disorder

Trauma

Brain volume

Hippocampus

Amygdala

Magnetic resonance imaging (MRI)

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Acute stress disorder (ASD) was introduced in DSM-IV as a new
diagnostic category for immediate and temporary reaction to cata-
strophic stressors (American Psychiatric Association, 1994). The
symptoms of ASD are similar to those of posttraumatic stress dis-
order (PTSD) (re-experiencing, avoidance, arousal, and dissociative
symptoms), but their duration is short (a minimum of 2 days and a
maximum of 4 weeks). In the DSM-5, ASD was classified as a trauma-
and stressor-related disorder characterized by intrusions, negative
mood, dissociative symptoms, avoidance, and hyper-arousal (dura-
tion: a minimum of 3 days and a maximum of 4 weeks) (American
Psychiatric Association, 2013). However, ASD has been critically
evaluated regarding its limited power to predict PTSD and its overlap
with adjustment disorders (Bryant et al., 2011). In addition, in
contrast to the extensive literature on the biological mechanisms of
PTSD (Pitman et al., 2012), brain imaging, endocrinological, and
peripheral gene expression studies are rare in ASD.

Bremner (2005) suggested that biological stress response syst-
ems, including norepinephrine and cortisol, are implicated in
both acute and chronic stages of reaction to traumatic stressors.
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Regarding the neuronal circuits, areas involved in memory, cogni-
tive control, and affective regulation (hippocampus, amygdala, and
prefrontal cortex) are important in the effective and adaptive bal-
ancing of early responses to trauma (Bremner, 2005).

PTSD is characterized by structural brain alterations. In the
first comprehensive meta-analysis, Karl et al. (2006) concluded
that studies demonstrated smaller hippocampal volumes in per-
sons with PTSD compared with control subjects with and without
trauma exposure. However, trauma-exposed individuals without
PTSD also showed significantly smaller bilateral hippocampi rela-
tive to non-exposed individuals. There are reports demonstrating
significantly smaller amygdala and reduced anterior cingulate vol-
ume in PTSD relative to various control groups, but the results are
not consistent (Karl et al., 2006; Woon and Hedges, 2009). More
recently, the meta-analysis of Kiithn and Gallinat, 2013 identified
gray matter reductions in anterior cingulate cortex, ventromedial
prefrontal cortex, left temporal pole/middle temporal gyrus, and
left hippocampus in PTSD patients relative to trauma-exposed ind-
ividuals without PTSD.

The reduction of the hippocampal volume is the most fre-
quently investigated and confirmed finding in PTSD as highlighted
by several meta-analyses (e.g., Smith, 2005; Karl et al., 2006;
Woon et al., 2010). It is remarkable, however, that Smith (2005)
noted that hippocampal volume reduction was less pronounced
when researchers compared PTSD patients with trauma-exposed
control subjects relative to the case when the control group
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included individuals without trauma exposure. Woon et al. (2010)
suggested that hippocampal shrinkage was associated with tra-
uma exposure independent of the diagnosis of PTSD. Moreover,
Karl et al. (2006) highlighted the issue that differences in groups
were modulated by imaging methodology, PTSD severity, medica-
tion, age, and gender.

Despite these caveats and gaps in the literature, structural brain
alterations have not been investigated in ASD in a prospective
longitudinal follow-up study. Therefore, we first aimed to examine
whether ASD is associated with structural brain alterations after
trauma exposure. The second aim of the study was to address pot-
ential changes in brain structure during symptomatic recovery.

2. Methods

2.1. Participants and design

Study participants, referred by emergency medical units, were enrolled at
South-Hungarian Center (Szeged and Kecskemét, Hungary) and the National
Institute of Psychiatry and Addictions (Budapest, Hungary). The study was
approved by the medical ethics committee and was done in accordance with the
Declaration of Helsinki. Each participant was recently exposed to a single episode of
traumatic event (traffic accidents, violent crime, or natural disaster of flood). No
individuals living under chronic and recurrent traumatic exposure were included.
There was no autobiographical evidence for multiple and severe past traumas,
psychiatric co-morbidity, or positive history for mental disorders. None of the
participants received psychotropic medications. A trained clinical psychologist,
who was unaware of the aim of the study, administered the Structured Clinical
Interview for DSM-IV Axis I Disorders, Clinician Version (SCID-CV) (First et al.,
1996). Among trauma-exposed individuals, 75 received the diagnosis of ASD,
whereas 60 did not meet the diagnostic criteria of any Axis I disorders. Sixty
community volunteers not exposed to acute trauma served as controls.

We used the Clinician-Administered PTSD Scale (CAPS) for the assessment of
the symptoms during the past week (Blake et al., 1995). Table 1 presents the
demographic and clinical data. At the first assessment (baseline), study volunteers
underwent structural brain magnetic resonance imaging (MRI). After the baseline
assessment, all participants were offered a weekly consultation with a clinical
psychologist or a standard treatment following the clinical protocols. None of the
participants requested psychiatric and psychological treatment beyond the con-
sultations. The whole procedure applied at the baseline was repeated after 4 weeks,
including SCID-CV, CAPS, and structural MRI. At the follow-up assessment, none of
the individuals with ASD and trauma-exposed non-ASD participants developed
PTSD, and none of them met the criteria of DSM-IV Axis I disorders.

2.2. Structural brain imaging

The technical aspects of MRI acquisition and FreeSurfer analysis have been
described in our previous study (Levy-Gigi et al., 2013). We applied a multiecho
FLASH sequence with a 1 mm? isotropic resolution (Siemens Trio 3 T scanner;
256 x 256 matrix, 176 sagittal slices with a thickness of 1 mm, repetition time (TR)
2530 ms, inversion time (TI) 1100 ms, echo time (TE) 1.64/3.5/5.36/7.22 ms,
bandwidth 651 Hz, non-selective excitation at 7°). We used the FreeSurfer protocol
(Martinos Center for Biomedical Imaging, Boston, MA, USA; http://surfer.nmr.mgh.
harvard.edu; version: v5.1.0, Dell XPS workstation) (Fischl et al., 2002) to delineate

Table 1
Clinical and demographic characteristics of the participants.
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hippocampal and amygdala volumes. The intracranial volume (ICV) was also
derived from FreeSurfer. All regions of interest (ROIs) were visually inspected
before data analysis. No corrections were needed. In the original analysis, we did
not exclude outliers (1.5 below the first quartile or above the third quartile; n=5 in
the ASD group, n=9 in the trauma-exposed non-ASD group, n=6 in the trauma
non-exposed control group). In a secondary analysis, the outliers were excluded.

In addition to this ROI approach, we performed voxel-based morphometry
(VBM) in the whole sample (Ashburner and Friston, 2000). Structural MRI analysis
was performed with SPM5 (www.fil.ion.ucl.ac.uk/spm; Matlab v7.8; The MathWorks,
Cambridge, UK; VBM toolbox [v5.1, http://dbm.neuro.uni-hen.de/vbm]). Brain images
were segmented into gray matter, white matter and cerebrospinal fluid (no tissue
priors, Hidden Markov Random Field weighting: 0.15) (Ashburner and Friston, 2000).
We used DARTEL for the normalization of the images (Ashburner, 2007). We used an
8 mm°> Gaussian kernel to smooth Jacobian-modulated images.

2.3. Data analysis

We used the PowerMap software to calculate the sample size necessary for a
sufficient statistical power (>80%) (Joyce and Hayasaka, 2012). VBM data were
analyzed with full factorial analysis of variance (ANOVA) models in SPM5. We
applied repeated measures ANOVAs on hippocampal and amygdala volumes,
corrected for ICV by using two methods: (i) dividing the volume of the brain
structure by the ICV (Whitwell et al., 2001); (ii) the covariance method (Jack et al.,
1989; Mathalon et al., 1993). The ANOVA investigated the main effects of group (ASD,
trauma-exposed controls without ASD, trauma non-exposed controls), session
(baseline vs. follow-up), laterality (left vs. right), and their interactions. Pearson's
product-moment correlation coefficients were calculated between hippocampal/
amygdala volumes and CAPS scores. Demographic data were compared with chi-
square tests and two-tailed Student's t tests. All analyses were corrected for gender,
age, and education. The level of statistical significance was set at a < 0.05.

3. Results

VBM revealed no significant differences between patients with
ASD, trauma-exposed controls without ASD, and individuals with-
out acute trauma exposition. The lack of significant differences held
true at both time points of investigation (Fs<1, ps>0.5). VBM
showed good test-retest reliability with no differences between
images obtained at baseline and follow-up.

Table 2 shows the results from the FreeSurfer analysis. Similar to
the VBM results, we found no significant differences among the gro-
ups (with both correction methods for ICV), and there was a sound
test-retest consistency of the data (Fs < 1, ps > 0.5). The results rem-
ained the same when the outliers were excluded from the data ana-
lysis. Finally, we found no significant correlations between hippo-
campal/amygdala volumes and CAPS scores (—0.1 <rs < 0.1, ps > 0.1).

4. Discussion

The results of the present study suggest that there are no
structural brain alterations in individuals exposed to acute psy-
chological trauma. It is notable that in this population, there was

Acute stress disorder (n=75, Trauma-exposed controls (=60, Non-exposed controls (1=60, F D
27 male) 15 male) 18 male)
Mean S.D. Mean S.D. Mean S.D.
Age (years) 37.7 9.6 37.0 11.0 383 123 116 0.20
Education (years) 10.9 5.7 11.7 6.8 11.9 43 049 0.61
Time elapsed since trauma (days) 164 6.8 18.2 7.1 - - 211 015
Appearance of symptoms (days after the trauma) 0.4 0.6 - -
Duration of symptoms (days) 15.3 53 - -
CAPS
Baseline 481 123 41 3.5 - 821.2 <0.0001
Follow-up 35 32 4.6 5.1 062 043

Data are mean (standard deviation). Individuals with acute stress disorder and the control groups did not differ in age, gender distribution, and education (ps > 0.2). CAPS,
Clinician-Administered PTSD Scale. F and p Values are from one-way analyses of variance comparing groups.
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Table 2
Structural MRI results.

Baseline

Follow-up F p

ASD (n=75) Trauma-exposed (n=60)

Controls (n=60)

ASD (n=75) Trauma-exposed (n=60) Controls (n=60)

4546.6 (292.0)
4520.9 (290.2)
)

Right hippocampus (
(
1697.4 (120.1
(
(

Left hippocampus
Right amygdala
Left amygdala
Intracranial volume

4594.7 (252.0)
45701 (247.4)
1670.5 (117.6)
1655.7 (120.6)
1.64 (0.25)

1669.9 (119.6)

1.63 (0.26) 1.64 (0.22)

4588.5 (272.6)
4549.2 (270.5)
1680.7 (104.2)
1668.0 (103.6)

(

4601.7 (260.3)
45773 (265.3)
1679.8 (119.0)
1656.0 (136.8)
1.64 (0.23)

4560.5 (287.1)
45277 (295.3)
1699.2 (115.8)
1662.3 (120.6)
1.63 (0.27)

45801 (2673) 07 041
45497 (261.0) 11 018
1683.7 (109.6) 017  0.68
16704 (1040) 001 091

1.64 (0.21) 00 097

Data are mean in mm? ( x 10° for intracranial volume). Standard deviations are shown in parentheses. ASD=acute stress disorder; trauma-exposed =individuals with acute
trauma exposition without ASD; controls=individuals without acute trauma exposition. F and p Values are from analysis of variance main effects of group.

no evidence for multiple past traumas, and we detected no psych-
iatric co-morbidity, or positive history for mental disorders. The
explanation of this potential selection bias was that trauma-
exposed individuals with known psychiatric disorders are routi-
nely referred to regular mental health services, and therefore we
were not able to recruit them. Individuals with pure ASD, who, by
definition, showed a full recovery during the follow-up period, did
not differ from trauma-exposed controls and individuals with no
acute trauma exposition.

Intact hippocampal volume in ASD may indicate that these
individuals were less sensitive to traumatic stress, which may
protect them from the development of PTSD, as was observed in
the present study. Gilbertson et al. (2002) found that in mono-
zygotic twins discordant for trauma exposure, the presence of
smaller hippocampi was a risk factor for the development of
stress-related psychopathology and might predict the severity of
PTSD symptoms. However, reduced hippocampal volume seems to
be reversible. Along with the amelioration of clinical symptoms
during cognitive-behavioral therapy, we found increased hippo-
campal volume in individuals with PTSD (Levy-Gigi et al., 2013),
which was associated with improved memory (Szabé et al., 2014).
In survivors of an earthquake, Sekiguchi et al. (2013) found that
individuals with smaller gray matter volume in the anterior cing-
ulate cortex before the trauma were more likely to develop PTSD
symptoms. Interestingly, a similar role of the hippocampus was
observed only when the authors used a more lenient threshold,
suggesting than VBM is not optimal to detect small changes in
subcortical structures (Sekiguchi et al., 2013).

In addition to the anterior cingulate cortex, recent evidence
suggests that the dorsolateral prefrontal cortex (DLPFC) plays a
unique role in the emergence of posttraumatic symptoms.
Aupperle et al. (2012) showed an attenuated DLPFC activation in
PTSD during an emotional anticipation task. Interestingly, greater
DLPFC activation was related to lower PTSD symptoms and better
cognitive functions. Although structural changes are regularly
found in the ventromedial frontal regions, but not in the DLPFC,
in PTSD (Kiihn and Gallinat, 2013), chronic stress may have a more
profound negative impact on prefrontal development and struc-
ture (Carrion et al., 2010). However, we did not observe structural
alterations in the prefrontal cortex in ASD. We did not conduct a
ROI-based analysis in the prefrontal cortex, because data from
VBM and manual parcellation methods are highly correlated for
this brain region (Lindberg et al., 2012).

Several potential limitations of the study must be mentioned.
First, negative findings require a large sample size to demonstrate
that results are reliable. However, in the present study, there were
not even tendencies for between-group differences, and long-
itudinal data from different analytical techniques confirmed the
results. The statistical power analysis revealed that our sample size
was adequate, and it was somewhat larger than the average
samples in the neuropsychiatric literature (Fusar-Poli et al,
2014). In addition, VBM studies with larger sample sizes report
only slightly more significant differences than studies including

fewer participants (2% increase in the number of reported foci per
10-patients increase in sample size) (Fusar-Poli et al., 2014). We
believe that reporting negative findings is as important as publish-
ing positive results because the literature on brain volume
abnormalities in psychiatric disorders shows an excess significance
bias (loannidis, 2011).

The second limitation is that we did not study individuals who
developed PTSD. Therefore, potential structural brain differences
between individuals who recover from ASD and those who do not
are unknown.

Third, because of a selection bias for less severely affected
individuals (no psychiatric comorbidity, lack of evidence for multi-
ple traumas and stressors, no data on childhood adversity), our
sample is not representative for many trauma survivors. A single
exposure to psychological trauma was also evident in the case of
non-ASD trauma-exposed individuals, who did not differ in brain
structure from non-exposed control subjects. This is not consistent
with a recent meta-analysis indicating that hippocampal volume
reduction was associated with trauma exposure partly indepen-
dent of PTSD diagnosis (Woon et al., 2010). A possible explanation
might be that we investigated less severely affected and more
resilient individuals who were not exposed to multiple traumatic
events and stressors. For example, Bonne et al. (2001) suggested
that the age at traumatic experience, the length of trauma
exposure, substance misuse, and chronicity of symptoms might
be the key predictors of structural brain alterations. These factors
may be associated with stress-related metaplasticity at the cellular
level (Schmidt et al., 2013).

Finally, we did not assess functional activation and connectivity in
ASD. In survivors of motor vehicle accidents, Osuch et al. (2008) found
adaptive responses and functional interactions among anterior cingu-
late cortex, perirhinal cortex, and amygdala. In contrast, overactive
responses in the visual cortex may be related to early vivid images
and peritraumatic dissociation, a predictor of future PTSD (Daniels
et al, 2012). Altered brain connectivity between posterior cingulate,
hippocampus, and amygdala may also predict the development of
PTSD after acute stress response (Zhou et al.,, 2012). Further studies
are warranted to use such imaging approaches in ASD.
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