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■ Abstract Objective We wanted to assess possible al-
terations in brain activation in PTSD patients with se-
vere hyperarousal symptoms and impulsive aggressive-
ness. Method 25 Croatian War (1991–1995) veterans
with combat-related PTSD with severe hyperarousal
symptoms and impulsive aggressiveness were assessed
for possible alterations in cerebral blood flow in single
photon emission computed tomography brain scans.
Results Increased regional cerebral blood flow in projec-
tion area of nucleus accumbens was found in 13 of 25
subjects, and for all in the dominant brain hemisphere.
Discussion We believe that at least some of PTSD symp-
toms, and especially the impulsive aggression, can be as-
sociated with increased regional cerebral blood flow in
the projection area of nucleus accumbens.

■ Key words PTSP · SPECT · brain · aggressiveness ·
nucleus · accumbens

Introduction

The essential feature of posttraumatic stress disorder
(PTSD) is development of characteristic symptoms
commonly divided into three symptom-clusters: persis-
tent re-experiencing symptoms, avoidance and numb-
ing symptoms and increased arousal (hyperarousal)
symptoms [1–3]. The hyperarousal symptoms and per-
sistent re-experiencing of the traumatic event suggest
abnormalities in emotion and memory regulation, thus
implicating limbic brain regions as being possibly asso-
ciated with the disorder. Recent brain neuroimaging
studies have described several brain regions as possibly
associated with PTSD symptoms. The most commonly

described regions are limbic brain structures, prefrontal
cortex and temporal cortex [4–16].

Our clinical experience has shown that hyperarousal
symptoms and especially those associated with impul-
sive aggressiveness, such as hyperirritability, hyperex-
citability, hypersensitivity, aggressive acting outs, out-
bursts of anger, present some of the dominant
disturbances for chronic PTSD patients. These kinds of
symptoms can be understood in the perspective of loss
of the affective modulation, which can explain the PTSD
patient’s lack of capacity to use affect states as cues to at-
tend to incoming information. The elevated – arousal –
state is likely to precipitate flight-or-fight reactions in
these patients, so they often go immediately from stim-
ulus to response without psychologically assessing the
meaning of the event. This makes them prone to freeze
or, alternatively, to overreact in response to minor
provocations [15].

Method

Participants in our study were selected from all PTSD patients treated
at the Clinic for Psychological Medicine,University of Zagreb Medical
School, during the period from April to July 2001.We selected 25 par-
ticipants from the total of 82 patients treated in the day-hospital unit
at the clinic over the period. All the participants in the study were
Croatian War [1991–1995] veterans who actively participated in the
combat and were exposed to multiple traumatic experiences such as
witnessing the death of fellow soldiers and sudden air-rides or ar-
tillery attacks.The patients who experienced other kinds of traumatic
experiences such as prisoners of war, concentration camp detainees,
refugees,etc.were not included in this study.They all signed informed
consent to participate in the study.

All the participants were engaged in the standard psychiatric and
psychotherapeutic day-hospital treatment, which is organized as a
one-month intensive individual and group psychotherapeutic pro-
gram. Group psychotherapy was organized into median groups (12 to
15 members), held twice-a-week with 90-minute sessions, making
eight group sessions all together. These groups are specially designed
homogenous groups (only war veterans with PTSD) using psychody-
namic and cognitive-behavioral techniques to enable ventilating and
self-modulation of impulsive aggressive behavior in our patients. The
groups are conducted by a co-therapist pair.

Due to the high financial costs of the investigation procedure,par-
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ticipants were carefully selected on the basis of specially designed in-
clusion procedure.The inclusion procedure consisted of evaluation in
a group and individual psychiatric evaluation.

The group evaluation was performed over a two-week group psy-
chotherapy, as described above, encompassing four group sessions,
and consisted of monitoring of the patient’s symptom manifestation.
The same co-therapist pair performed the selection for all the partic-
ipants in the study. Individual evaluation was organized in the form
of the Structured Clinical Interview for DSM-IV (SCID-CV) [17]. The
interview was held during the first week of the patient’s treatment at
the clinic, and was conducted by the same therapist for all the partic-
ipants. All therapists conducting the selection were clinicians with at
least a three year experience in working with psychotraumatized pa-
tients. Group therapists were not informed of the evaluation per-
formed by the individual therapist and conversely.

All patients selected for the investigation had chronic, combat-re-
lated PTSD with severe hyperarousal symptoms and impulsive ag-
gressiveness and no other Axis-I and/or Axis-II diagnosis in accor-
dance with DSM-IV criteria [18]. Severity of hyperarousal symptoms
was assessed on the basis of anamnesis and heteroanamnesis and also
on the basis of symptoms they manifested in group therapy and the
individual psychiatric interview. Only the patients who continuously
presented all hyperarousal symptoms over the two-week observation
as defined in the DSM-IV and impulsive aggressiveness symptoms
were selected for the study. Impulsive aggressiveness symptoms were
defined as: hyperirritability, aggressive acting outs, outbursts of
anger. Only patients who manifested these symptoms in both indi-
vidual interviews and all four group sessions over the observation pe-
riod, and who had positive anamnesis and heteroanamnesis for hy-
perarousal symptoms in the month preceding the hospitalization
were included in the study. This selection design had to be imple-
mented because no psychometric instrument for assessing hyper-
arousal and/or impulsive aggressiveness symptoms as such, qualita-
tively or preferably quantitatively was available in Croatia.

The patients selected for the study received no pharmacotherapy
other than benzodiazepine for at least six months preceding the study,
and 4 weeks before the study entry the patients had received no psy-
chotropic medication at all. After the psychiatric evaluation, neuro-
logical examination was conducted for all participants to exclude
those with possible neurological comorbid conditions, head trauma
or loss of consciousness in the year preceding the study. The Annett
Handedness Questionnaire was performed by a neurologist to deter-
mine hand preference and indirectly dominant brain hemisphere
[19]. All patients included in the study were male, right-handed, of
similar age (mean = 52 years, SD = 2), and had no history of alcohol or
drug abuse or dependence.

Single photon emission computed tomography (SPECT) using
Tc99-ECD functional brain imaging was organized in the week after
the two-week observation period immediately after the first group
session in that week to establish possible alterations in regional cere-
bral blood flow (rCBF). The procedure was organized in the following
way. Patients who manifested at least one and no more than three ag-
gressive acting outs during the pre-SPECT session were asked to re-
member the specific situation in the group that provoked the last ag-
gressive acting out. The ultimate of no more than three aggressive
acting outs during the designated session was a pre-set criterion to
enable remembering of the specific situation that provoked the last
acting-out, but was not used because none of our subjects actually
manifested more than three aggressive acting outs during the pre-
SPECT session. The subjects were asked to try to remember the exact
situation in the group that provoked their aggressive acting out and
to describe it. Only the subjects who were able to do this and who
manifested aggression and anger while remembering and also who
felt distressed by that were included in the further procedure. Once
again all of our subjects fulfilled these criteria and all declared being
very distressed when remembering the situation. Following this, sub-
jects were introduced into the SPECT procedure, and the scans were
obtained in 50 to 60 minutes after the end of the session. Once again
immediately before the SPECT brain scan was made, each subject was
asked to remember the situation that provoked his last aggressive act-
ing out in the pre-SPECT session.

SPECT scans were started 20 minutes after administration of 740
MBq of 99mTc-ECD in resting state (“white noise”environment,with-

out any auditory or visual combat stimuli provocation). Measure-
ments were made with IRIX triple-headed rotating scintillation
gamma camera fitted with high-resolution collimators, using a 360°
circular orbit and step and shoot mode (20-s image each 3°) so that
the acquisition lasted 40 minutes. Within-subject correlated slices
were obtained. Images were acquired in a 128x128 matrix, with an ac-
quisition zoom of 1.5. The final pixel size was 2.96 mm. The full-width
at half-maximum (FWHM) in the transaxial plane was 9 mm. Filtered
back-projection was used for reconstruction by applying a Metz fil-
ter. Attenuation correction of the reconstructed data was applied us-
ing Chang’s method,with a coefficient factor of 0.075.Two-pixel-thick
slices were obtained in the coronal, sagittal and oblique (fronto-oc-
cipital) planes.

SPECT data were quantitatively analyzed using an Odyssey FX820
workstation by means of a region-of-interest (ROI) based method
and calculation of asymmetry percentages. The following ROIs were
considered: temporal, frontal, orbitofrontal and occipital cortices,
cingulate gyrus, amygdala, thalamus, basal ganglia (caudate, puta-
men, ventral basal ganglia) and cerebellum. The irregular ROIs were
outlined in the right hemisphere and mirrored in the left. The same
investigator, blinded to all clinical data, placed ROIs. For each ROI,
mean counts per pixel in two consecutive slices were averaged to min-
imize partial volume effects. In each patient, studies were normalized
to the mean whole-brain uptake; so relative hypo/hyperperfusion was
established for each ROI. The percentage of asymmetry between two
homologous regions was calculated as 200x(right–left/right + left),
where right and left indicate mean average counts per pixel in the
ROIs of the respective hemisphere. The negative values indicate, thus,
lower perfusion in the right hemisphere. Percentages of interhemi-
spheric asymmetry between homologous brain regions were used to
identify abnormalities.

Based on studies of normal subjects, it is well documented that the
normal cerebral blood distribution is bilaterally symmetric, with per-
centages of interhemispheric asymmetry never exceeding 12 % for
any brain region [20–27]. In our study we therefore considered only
findings with interhemispheric asymmetry exceeding 20 % as signif-
icant. Also due to the well-documented normal brain perfusion pat-
terns in SPECT studies, paralleled with our own 10-year experience,
and due to the radioactive properties of the method coupled with
high financial costs of the procedure, it was ethically and financially
impossible for us to include a control group of normal subjects.

Results

We found interhemispheric differences in regional
blood flow (rCBF) in projection areas of four brain re-
gions: ventral basal ganglia (VBG), thalamus, temporal
cortex and occipital cortex.

In 13 of 25 subjects, we found interhemispheric
asymmetry in the projection area of the VBG, exceeding
20 %. For all 13 subjects, the finding was caused by an in-
creased perfusion rate in the VBG in the left (dominant)
brain hemisphere, as normalized against the mean
whole-brain perfusion rate. One subject of the 13 also
had increased rCBF in the projection areas of the left
thalamus and left occipital cortex, another two in the
projection area of the left thalamus and an additional
one in the projection area of right temporal cortex. The
remaining 12 subjects had symmetrical brain SPECT
findings.

Discussion

In our study we found unilaterally increased perfusion
in the projection area of ventral basal ganglia (VBG) in
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the dominant brain hemisphere in 52 % (13/25) of our
PTSD subjects with severe hyperarousal symptoms and
impulsive aggressiveness. One subject of the 13 had also
increased rCBF in the projection areas of the left (dom-
inant) thalamus and the left (dominant) occipital cortex,
another two in the projection area of the left (dominant)
thalamus and an additional one in the projection area of
right (non-dominant) temporal cortex.

We believe our findings correspond with those in
similar studies, which found increases and rarely de-
creases of rCBF in regions such as the anterior and pos-
terior cingulate regions bilaterally; temporal, parietal,
frontal, and orbitofrontal cortices; also in the thalamus,
basal ganglia, and hippocampus [4–16]. Nevertheless,
the only consistent finding was activation in the right
and also left amygdala and in the sensorimotor cortices.
One study found activation in the region of the left
amygdala and nucleus accumbens after exposure to
combat sounds [8].

Most of the similar studies used combat or non-com-
bat stress-related auditory or visual stimuli to provoke
changes in rCBF in PTSD subjects [4–16]. With such a
design, we believe, it should be expected to find activa-
tion of different sensory and sensorimotor regions in
the brain responsible for stimuli processing, along with
areas possibly related to PTSD symptoms as such. For
this reason we did not use any external provocation
stimuli, but rather induced our subjects to remember an
exact situation that provoked their aggressive acting
during the group session that took place shortly before
SPECT examination.In this respect,we believe our study
significantly differs from any other similar, so far pub-
lished study.

VBG, which corresponds to the anatomical location
of nucleus accumbens, is functionally and spatially
closely related to amygdala [28–35]. Both structures to-
gether have been implicated in adaptive responding and
non-declarative emotional memory [28–35]. Adaptive
responding is a process by which an organism, having
extracted information from its external environment
and internal milieu, interprets and utilizes those cues in
creating appropriate emotional response to incoming
stimuli. Nucleus accumbens receives inputs primarily
from the highest order of integrative, polymodal corti-
cal and cortical-like structures, such as the prefrontal
cortex, basal amygdala and subiculum. It also projects
mainly to the basal forebrain, diencephalon and rostral
brainstem. In this way, the nucleus accumbens appears
to be a sensitive recipient of information about the he-
donic/aversive valences of incoming stimuli and appro-
priately stimulates or inhibits activity in brain struc-
tures with more direct capacities to effect the
decision-making, initiation and motor control aspects
of adaptive responding. The way it fashions these func-
tions is nevertheless still largely vague.

Hyperarousal symptoms within PTSD can, at least to
some extent, be explained by malfunction of the nucleus
accumbens and related limbic brain structures and the
psychological processes they mediate [1, 15, 35–37]. Hy-

perirritability, hyperexcitability, hypersensitivity in the
respect that they present inadequate, exaggerated re-
sponses (“emergency”fight-or-flight reactions) to infor-
mation that would normally produce reaction of a con-
siderably modest extent can be associated with
malfunction of adaptive responding process.

For these reasons we believe that increased rCBF in
the projection area of the nucleus accumbens that we
found in our subjects might substantiate disturbed neu-
ronal activity in this region, thus, allowing for the dis-
turbances in the psychological processes it mediates.
Unfortunately, it was impossible for us to quantitatively
measure hyperarousal symptoms and/or impulsive ag-
gressiveness in our subjects and to correlate these with
the alterations in rCBF. This was due to the lack of ade-
quate psychometric instruments in Croatia. Perhaps
subjects with changed rCBF pattern had more severe
symptoms in this respect. Also for the same reasons, it
was not possible for us to more specifically define and
quantify the symptom profile in each subject, regarding
different hyperarousal/impulsive aggressiveness symp-
toms. This, if possible, would, we believe, yield some ad-
ditional information and possibly explain normal find-
ings in almost half of our subjects.

Apart from these problems, the main handicap of our
study was the lack of a normal-subject control group.
But it was impossible for us to include one for ethical and
financial reasons, as previously explained. Nevertheless,
with respect to the well-documented normal SPECT
brain findings and other investigations similar to ours,
we believe that our findings are far from spurious, and
yield important information for the further under-
standing of neurophysiology of PTSD. If anything, our
results strongly suggest the necessity of further investi-
gation and set some important clues to follow.
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