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Neural Correlates of Exposure to Traumatic Pictures
and Sound in Vietnam Combat Veterans with and
without Posttraumatic Stress Disorder: A Positron
Emission Tomography Study

J. Douglas Bremner, Lawrence H. Staib, Danny Kaloupek, Steven M. Southwick,
Robert Soufer, and Dennis S. Charney

Background: Patients with posttraumatic stress disorder
(PTSD) show a reliable increase in PTSD symptoms and
physiological reactivity following exposure to traumatic
pictures and sounds. In this study neural correlates of
exposure to traumatic pictures and sounds were measured
in PTSD.

Methods: Positron emission tomography and H2[15O]
were used to measure cerebral blood flow during exposure
to combat-related and neutral pictures and sounds in
Vietnam combat veterans with and without PTSD.

Results:Exposure to traumatic material in PTSD (but not
non-PTSD) subjects resulted in a decrease in blood flow in
medial prefrontal cortex (area 25), an area postulated to
play a role in emotion through inhibition of amygdala
responsiveness. Non-PTSD subjects activated anterior
cingulate (area 24) to a greater degree than PTSD
patients. There were also differences in cerebral blood
flow response in areas involved in memory and visuospa-
tial processing (and by extension response to threat),
including posterior cingulate (area 23), precentral (mo-
tor) and inferior parietal cortex, and lingual gyrus. There
was a pattern of increases in PTSD and decreases in
non-PTSD subjects in these areas.

Conclusions: The findings suggest that functional alter-
ations in specific cortical and subcortical brain areas
involved in memory, visuospatial processing, and emotion
underlie the symptoms of patients with PTSD.Biol Psy-
chiatry 1999;45:806–816 ©1999 Society of Biological
Psychiatry
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Introduction

Posttraumatic stress disorder (PTSD) is characterized
by recurrent trauma-related memories, and increased

fear responding and physiological reactivity to reminders
of the trauma, coupled with sleep disturbances, night-
mares, avoidance, increased startle, and other symptoms
that can persist for many years after the original traumatic
event (Pitman 1989; Bremner et al 1995a). The failure of
extinction of fear responsiveness to “cues” related to the
original trauma can be modeled in laboratory animals and
is an important part of the clinical presentation of PTSD
patients. Abnormal traumatic recall and fear responding,
which can be reliably provoked with trauma-related pic-
tures and sounds or traumatic scripts, are associated with
an increase in physiological reactivity, including increased
heart rate and blood pressure, in PTSD patients (Blanchard
et al 1982; Malloy et al 1983; Pitman et al 1987; reviewed
in Prins et al 1995).

Regulation of these peripheral markers of physiological
responsiveness by cingulate and amygdala raises the
possibility that alterations in function in these brain areas
may be associated with PTSD symptoms. Early studies
showing an increase in fear-related behaviors following
removal of cerebral cortex in cats also led to the hypoth-
esis that these areas, in addition to thalamus, hypothala-
mus, hippocampus, and adjacent cortex, regulate emotion
and the stress response (MacLean 1949). These brain areas
are functionally interrelated, and via pathways through the
hypothalamus and medial prefrontal cortex (area 25) effect
the peripheral stress response in increased heart rate, blood
pressure, peripheral catecholamines, and cortisol (Vogt et
al 1992; LeDoux 1993; Devinsky et al 1995).

Recently there has been an increased appreciation for
the role that abnormalities in memory play in the presen-
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tation of patients with PTSD. PTSD patients demonstrate
deficits in verbal declarative memory, which are associ-
ated with a reduction in volume of the hippocampus, a
brain area involved in learning and memory (Squire and
Zola-Morgan 1991) (reviewed in Bremner et al 1995a). On
the other hand, PTSD is characterized by intensification of
nonverbal aspects of memory, including “hypermne-
monic” visual memory traces related to traumatic events
(Pitman et al 1993; Bremner et al 1996a). The excessive
vigilance seen in PTSD may be associated with increased
demands on brain areas involved in visuospatial aspects of
memory function and in integration with evaluation of
stimuli for potential threat and planning of response to
stimuli. Based on this we have hypothesized that increased
activity in cortical brain areas involved in memory and
visuospatial processing, including prefrontal and parietal
cortex (Bremner et al 1995a) (in addition to limbic areas),
underlies the symptoms of PTSD. Medial prefrontal cor-
tical areas also modulate fear responding through inhibi-
tory connections with the amygdala that are involved in
the fear response as well as through effecting peripheral
sympathetic and hormonal responses to stress (Vogt et al
1992; LeDoux 1993; Devinsky et al 1995). We have
hypothesized that dysfunction of these areas plays a role in
failure of extinction to fear in PTSD (Bremner et al
1996a). A complete understanding of functional connec-
tions of cortical and subcortical brain areas involved in
emotion and memory is important in constructing a model
for neural correlates of PTSD.

Recent advances in neuroimaging technology have
made it possible to study central brain correlates of PTSD.
Reduced volume of the hippocampus measured with
magnetic resonance imaging (MRI) was found in several
populations of PTSD patients, possibly secondary to
stress-induced atrophy (Bremner et al 1995b, 1997b;
Gurvits et al 1996; Stein et al 1997). Decreased metabo-
lism measured with positron emission tomography (PET)
was found at baseline in temporal and prefrontal cortex in
combat-related PTSD (Bremner et al 1997a) and in pari-
etal cortex in patients with PTSD and comorbid substance
dependence (Semple et al 1996).

Exposure of PTSD patients to traumatic scripts resulted
in increased blood flow in limbic regions (right amygdala,
insula, orbitofrontal cortex, and anterior cingulate), and
decreased blood flow in middle temporal and left inferior
frontal cortex, as measured with PET (Rauch et al 1996).
This study did not involve a control group, however, so it
is not possible to determine whether the changes are
specific to PTSD. A second PET study that did utilize
control subjects found increased blood flow in right
amygdala and anterior cingulate, and decreased blood flow
in middle temporal and left inferior frontal cortex in PTSD
patients relative to control subjects during trauma-related

mental imagery (Shin et al 1997). Provocation of PTSD
symptoms with the pharmacologic agent yohimbine
(which stimulates brain norepinephrine release) resulted in
a relative failure of orbitofrontal cortex activation in PTSD
patients relative to control subjects, as well as differential
functional responses to challenge in temporal, parietal, and
prefrontal cortex. These findings were consistent with
increased noradrenergic responsiveness to yohimbine in
PTSD (Bremner et al 1997a).

The purpose of the present study was to use PET in the
examination of neural correlates of exposure to traumatic
pictures and sounds in Vietnam combat veterans with and
without PTSD. Traumatic pictures and sounds represent a
standardized and well-established paradigm for the prov-
ocation of PTSD symptoms that have several advantages
over other techniques for induction of PTSD symptoms
(Kaloupek and Bremner 1996; Prins et al 1995). They
have ecological validity, resembling “traumatic cues” that
patients encounter in their environment, complete with the
complex interplay of visual and auditory stimuli. In
addition, traumatic pictures and sounds (unlike individu-
alized scripts) can be presented in an identical fashion to
all subjects in a research study. We hypothesized that
exposure to traumatic pictures and sounds would result in
greater activation in cortical and subcortical brain areas
implicated in memory, emotion, and the fear response,
including amygdala, hippocampus and adjacent cortex,
cingulate, and prefrontal and parietal cortex, in combat
veterans with PTSD relative to those without PTSD. We
further hypothesized a relative failure of activation in
medial prefrontal cortical areas involved in modulation of
fear responsiveness through inhibition of amygdala func-
tion.

Methods and Materials
Subjects in the study were Vietnam combat veterans with PTSD
(n 5 10) and comparison subjects, who were Vietnam combat
veterans without PTSD (n 5 10). Subjects were recruited
through a VA Medical Center PTSD program and newspaper
advertisement. To identify the subgroup of PTSD patients who
are reactive to the types of traumatic stimuli used in this study
(Blanchard et al 1982; Kaloupek and Bremner 1996; Malloy et al
1983; Pitman et al 1987; Prins et al 1995), subjects underwent a
screening to determine emotional and psychophysiological reac-
tivity. Subjects were determined to be reactive with a 5 beats per
minute increase in heart rate and a 50 points increase in
Subjective Units of Distress (SUDs) scale score (described
below) for the combat slide presentation relative to neutral slide
presentation. Out of 13 PTSD patients screened, 10 met criteria,
while all of the non-PTSD veterans met these criteria.

Vietnam veterans were included in the PTSD group who: 1)
were demonstrated to be reactive to combat slides and sounds
using the psychophysiology screening procedure outlined above;
and 2) met criteria for current combat-related PTSD as assessed

Neural Correlates of PTSD 807BIOL PSYCHIATRY
1999;45:806–816



by the Structured Clinical Interview for DSM-IV (SCID) (Spitzer
et al 1987). Vietnam veterans were included in the comparison
group who did not meet these three criteria and did not have an
Axis I psychiatric disorder based on the SCID. All subjects had
combat exposure, which involved being in firefights (gun battles)
with the enemy, being wounded, or seeing others killed or
wounded. All subjects gave written informed consent for partic-
ipation, were free of major medical illness on the basis of history
and physical examination, lab testing, and electrocardiogram,
were not actively abusing substances or alcohol (past 6 months),
and were free of all medications for at least 4 weeks prior to the
study. Subjects were not taken off of medication for the purposes
of participating in the study.

Subjects were excluded with a serious medical or neurological
illness, organic mental disorders or comorbid psychotic disor-
ders, current alcohol and/or substance abuse or dependence (past
6 months), retained metal, a history of head trauma, loss of
consciousness greater than 10 min, cerebral infectious disease, or
dyslexia. There was no difference in age between the PTSD
patients (mean5 47 years, SD5 3) and comparison subjects
(mean5 50 years, SD5 3). Nine out of 10 of the PTSD patients
were white, 1/10 black; 9/10 of the comparison subjects were
white, 1/10 black. All of the subjects, both PTSD and comparison
subjects, were male and right-handed.

Seven out of 10 PTSD patients (70%) fulfilled criteria for a
lifetime history of major depression and 3 (30%) for current
major depression based on the SCID interview. One patient
(10%) met criteria for current dysthymia, and 1 (10%) for
lifetime bipolar disorder. Two out of 10 (20%) patients fulfilled
criteria for lifetime history of panic disorder with agoraphobia,
and 1 (10%) for current panic disorder with agoraphobia; 1
(10%) met criteria for lifetime and current history of panic
disorder without agoraphobia. One out of 10 (10%) fulfilled
criteria for current agoraphobia without panic disorder, 2 (20%)
for current social phobia, 2 (20%) for current simple phobia, 1
(10%) for current obsessive–compulsive disorder, and 1 (10%)
for lifetime generalized anxiety disorder. Six patients (60%)
fulfilled criteria for a lifetime history of alcohol dependence, and
1 (10%) for lifetime alcohol abuse. There were no patients with
substance abuse or dependence other than alcohol.

Each subject underwent four scans on a single day. The subject
was placed in the scanner with his head held in a holder to
minimize motion and positioned with the canthomeatal line
parallel to an external laser light. Electrocardiogram leads were
attached to the chest in standard positions for measurement of
heart rate and cardiovascular function, and a dinemap cuff was
attached to the left arm for measurement of blood pressure. An
intravenous line was inserted for administration of [150]H20.
Following positioning within the camera gantry, a transmission
scan of the head was obtained using an external67Ga/68Ge rod
source, to correct emission data for attenuation due to overlying
bone and soft tissue. SUDs scale ratings (a visual analogue scale
scored from 0 to 100 for the assessment of current subjective
level of distress) were performed every 5 min until three
successive ratings were unchanged, indicating that the subject
had adapted to the study setting. Baseline subjective ratings were
then collected, including a 17-item PTSD symptom scale (South-
wick et al 1993), the Panic Attack Symptom Scale (PASS)

(Southwick et al 1993), Clinician Administered Dissociative
States Scale (CADSS), a reliable and valid 27-item scale for the
measurement of current dissociative states (Bremner et al 1998),
another SUDs scale, and a visual analogue scale (scored from 0
to 100) for the assessment of fear (Southwick et al 1993).
Subjects also underwent baseline measurement of heart rate and
blood pressure.

Subjects then underwent scanning under neutral and traumatic
(combat slide) conditions. No “resting” scans (i.e., scans in the
absence of any stimulation) were performed, as there is evidence
for an increase in frontal lobe activity in the absence of
stimulation, which could interfere with the study results. A fixed
order (two presentations of neutral slides and sounds followed by
two presentations of combat slides and sounds) was used for all
subjects, to prevent anxiety elicited by the combat slides from
persisting into neutral slide presentations. Combat and neutral
slides and sounds from an ongoing multisite VA Cooperative
Study on the psychophysiology of PTSD were used for the
presentation materials. Neutral slides were of winter scenes, with
nonverbal music. Combat slides were actual photographs from
Vietnam, and included scenes such as a male soldier throwing a
hand grenade, a sniper in the bushes, and evacuation of wounded
soldiers, accompanied by appropriate sounds, such as machine
gun fire, the sound of the jungle, and of helicopters, respectively.
Each scan condition involved four slides presented over a total of
a 2-min period. One minute into the presentation subjects
received a bolus injection of 30 mCi of [150]H20 immediately
followed by a PET scan acquisition, which was 1 min in length.
PET imaging was performed on a Posicam PET camera (Positron
Corp) (in plane resolution after filtering, 6 mm full width at half
maximum). Subjects then underwent measurement of heart rate
and blood pressure, as well as behavioral ratings for the time of
the presentation, including PASS, CADSS, SUDs, fear analogue,
and PTSD Symptom Scale.

Images were reconstructed and analyzed on a SunSparc
Workstation using statistical parametric mapping (spm95). Im-
ages for each patient set were realigned to the first scan of the
study session. The mean concentration of radioactivity in each
scan was obtained as an area-weighted sum of the concentration
of each slice and adjusted to a nominal value of 50 mL/min/100
g. The data underwent transformation into a common anatomical
space and was smoothed with a three-dimensional gaussian filter
to 16 mm full width at half maximum. The study design involved
a comparison of regional blood flow during traumatic vs. neutral
conditions in PTSD and comparison subject groups examined
separately, and the interaction between group (PTSD vs. com-
parison subjects) and condition (combat vs. neutral presenta-
tions) with global blood flow considered as a confounding
covariate. Statistical analyses yielded image data sets in which
the values assigned to individual voxels correspond tot statistic
(Friston et al 1991). Statistical images were displayed with
values ofZ score units. A thresholdZ score of 3.00 (p , .001)
was used to examine areas of activation within hypothesized
areas. Location of areas of activation were identified as the
distance from the anterior commissure in mm, with x-, y-, and
z-coordinates, using a standard stereotaxic atlas (Talairach and
Tournoux 1988).

Behavioral (PASS, PTSD, CADSS, SUDs, and analog rating
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scores) and psychophysiological (heart rate and blood pressure)
measures were compared between PTSD and comparison subject
groups using repeated-measures analysis of variance (ANOVA)
with time as the repeated measure. When there was a significant
main effect for time, Duncan’s multiple range test was performed
to determine what time points showed significant differences
from the baseline measures.

Results

Repeated-measures ANOVA for diastolic blood pressure
(DBP) demonstrated a significant main effect for diagno-
sis, with higher DBP in PTSD relative to comparison
subjects (Table 1), but not a significant main effect for
time (F 5 1.63; p 5 .17). PTSD patients had relatively
greater increases with traumatic slides than comparison
subjects (significant time by diagnosis effect), for PTSD,
anxiety, and dissociative symptoms, as well as subjective
distress and fear (Table 1).

Combat veterans with PTSD had increased blood flow
with traumatic pictures and sounds in cerebellum, right
inferior frontal gyrus, and midbrain. Combat veterans
without PTSD had increased blood flow in cerebellum,

right anterior cingulate, left visual association cortex, left
middle frontal gyrus, and right middle temporal gyrus (Z
score. 3.00;p , .001) (Table 2). Exposure to traumatic
pictures and sound in combat veterans with PTSD resulted
in decreased blood flow in bilateral medial prefrontal
cortex (subcallosal gyrus, or Brodmann’s area 25), adja-
cent areas of left anterior cingulate, left thalamus, left
visual association cortex, and superior temporal and left
middle temporal cortex. In combat veterans without
PTSD, traumatic pictures and sounds were associated with
decreased blood flow in left superior temporal cortex, left
precentral (motor) cortex, left inferior parietal lobule,
midcingulate, cerebellum, and right lingual gyrus (Z
score. 3.00;p , .001) (Table 3).

There was a significant difference in pattern of cerebral
blood flow response to traumatic pictures and sounds
between veterans with and without PTSD (i.e., significant
interaction between condition and PTSD diagnosis) in left
inferior parietal lobule, posterior cingulate (area 23), left
motor cortex (precentral gyrus), right lingual gyrus, and an
area that included dorsal pons and lateral cerebellum, but
also portions of parahippocampal gyrus (Z score. 3.00;

Tabel 1. Psychophysiological and Behavioral Ratings in PTSD Patients and Comparison Subjects

PTSD patients (n 5 10) Comparison subjects (n 5 10)

Time 3
diagnosis

int.-F

Baseline Neutral-1 Neutral-2 Combat-1 Combat-2 Baseline Neutral-1 Neutral-2 Combat-1 Combat-2

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Systolic BP 130.9 9.5 135.4 17.1 130.2 9.1 133.5 7.3 137.1 11.8 128.5 12.1 133.1 16.2 131.4 16.3 129.0 11.5 131.3 14.1 0.2
Diastolic BP 78.8 5.6 80.3 7.4 80.6 6.3 84.6 8.0 86.0 6.8 77.5 5.1 79.0 4.9 80.3 6.0 80.1 6.8 79.2 7.9 0.86a

Pulse 69.0 15.6 68.6 13.2 65.4 12.0 66.3 11.3 66.6 12.0 67.9 11.8 67.1 10.0 66.0 10.0 65.2 8.1 66.2 9.3 0.0
CADSS 1.9 2.6 3.6 4.3 7.5 7.7 7.1 8.8 12.3 12.1 1.8 4.1 3.9 6.6 1.4 2.8 1.9 3.2 1.0 1.9 2.94a,b

PASS 28.8 2.1 29.4 2.2 32.7 5.9 35.5 8.3 41.8 13.7 27.4 1.0 28.6 3.4 27.4 0.7 27.2 0.6 27.6 1.6 4.78b,c

PTSD Scale 15.3 1.1 16.5 2.5 19.5 7.3 25.5 6.5 32.5 7.7 14.0 0.0 14.1 0.3 14.1 0.3 14.5 1.3 14.2 0.6 15.1
Fear analogue 0.05 0.11 0.05 0.10 0.03 0.08 0.15 0.17 0.26 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 4.33
SUDs 13.0 12.0 11.0 11.0 15.0 17.0 33.0 16.0 42.0 28.0 1.0 3.0 4.0 13.0 3.0 8.0 3.0 8.0 0.0 0.0 5.58

CADSS, Clinician Administered Dissociative States Scale; PASS, Panic Attack Symptom Scale; SUDs, Subjective Units of Distress scale.
aSignificant main effect for diagnosis (p , .05).
bSignificant time by diagnosis interaction (p , .05).
cDuncan’s multiple range test showed significant increase during combat slides relative to neutral slides and baseline in the PTSD patients (p , .05).

Table 2. Areas of Increased Blood Flow with Combat-Related Slides and Sounds Relative to Neutral Slides and Sounds in PTSD
Patients and Comparison Subjects

PTSD (n 5 10) Comparison subjects (n 5 10)

Z score

Talairach coordinates

Z score

Talairach coordinates

x y z Brian region x y z Brain region

4.89 24 282 228 R. cerebellum 5.25 234 278 224 L. cerebellum
4.53 12 292 220 4.23 4 282 216 R. cerebellum
4.24 2 280 212 4.11 210 286 28 L. visual association cortex (18)
3.62 50 28 0 R. interior frontal (47) 3.75 230 12 28 L. middle frontal (9)
3.58 52 20 4 3.67 12 38 20 R. anterior cingulate (32)
3.27 12 230 28 R. midbrain 3.27 44 266 12 R. middle temporal gyrus (39)

Z score. 3.00,p , .001.
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p , .001) (Table 4, Figures 1 and 2). The significant
interaction was related to a pattern of increase in PTSD
and decrease in non-PTSD, or the combination of the two.
In general the PTSD patients showed a tendency to
increase blood flow, whereas control subjects showed a
significant decrease in blood flow (Table 3), in these areas.
The exact percentage of change in these areas in PTSD
and non-PTSD groups is shown in Figure 1. In the area of
dorsal pons/cerebellum/parahippocampal gyrus PTSD pa-
tients showed an increase in blood flow, whereas in
non-PTSD veterans there was a decrease in blood flow.

There were also significant differences in pattern of
cerebral blood flow response to traumatic pictures and
sounds between veterans with and without PTSD (i.e.,
significant interaction between condition and PTSD diag-
nosis) in bilateral medial prefrontal cortex (subcallosal
gyrus; Brodmann’s area 25), and bilateral middle temporal
gyrus, primarily due to deactivation in the PTSD patients

(Z score. 3.00;p , .001) (Table 4, Figures 1 and 3). The
area of significant difference in medial prefrontal cortex
was immediately adjacent to and in fact merged into
anterior cingulate (area 24 and 32). In this area differences
between groups were due to activation in non-PTSD (but
not PTSD) veterans.

Discussion

Vietnam veterans with combat-related PTSD compared to
combat veterans without PTSD showed significant differ-
ences in cerebral blood flow response to traumatic pictures
and sounds in cortical and subcortical regions involved in
memory, visuospatial processing, and emotion that are
hypothesized to play a role in the generation of symptoms
of PTSD. PTSD patients (but not non-PTSD veterans)
demonstrated a decrease in blood flow in medial prefrontal
cortex (subcallosal gyrus; Brodmann’s area 25) and mid-

Table 3. Areas of Decreased Blood Flow with Combat-Related Slides and Sounds Relative to Neutral Slides and Sounds in PTSD
Patients and Comparison Subjects

PTSD patients (n 5 10) Comparison subjects (n 5 10)

Z score

Talairach coordinates

Z score

Talairach coordinates

x y z Brain region x y z Brain region

5.04 250 210 0 L. superior temporal pole (22) 5.80 258 232 20 L. superior temporal gyrus (41)
4.88 210 222 12 L. Thalamus 5.66 252 26 8 L. precentral (6)
4.42 236 232 12 L. superior temporal (41) 5.09 250 0 24
4.59 8 20 212 R. Mesofrontal (25) 4.77 246 24 24
4.36 28 18 212 L. Mesofrontal (25) 4.14 240 228 28 L. inferior pariental lobule (40)
4.23 234 286 16 L. visual area (19) 4.13 56 26 8 R. superior tempral pole (22)
3.60 222 290 20 3.06 62 234 8
3.98 28 52 0 L. anterior cingulate (32) 3.61 2 212 32 Posterior cingulate (23)
3.87 50 24 0 R. superior temporal gyrus (21) 3.53 12254 24 R. cerebellum
3.66 256 232 24 L. middle temporal gyrus (21) 3.09 18 250 212

3.05 8 256 0 R. posterior parahippocampus (lingual) (19)

Z score. 3.00,p , .001.

Table 4. Areas of Significant Interaction between Condition (Combat Slides and Sounds versus Neutral Slides and Sounds) and
PTSD Diagnosis in Vietnam Combat Veterans with and without PTSD

Areas with Patterns of Increased Blood Flow in PTSD
and Decreased Blood Flow in non-PTSDa

Areas with Patterns of Increased Blood Flow in non-PTSD
and Decreased Blood Flow in PTSDb

Z score

Talairach coordinates

Z score

Talairach coordinates

x y z Brain region x y z Brain region

3.36 240 228 28 L. inferior parietal Louule (40) 4.12 8 20212 Medial prefrontal (subcallosal gyrus) (25)
3.22 8 256 0 R. lingual gyrus (parahippocampus) (19) 3.32 28 18 212
3.17 8 240 220 R. cerebellum/pons/parahippocampus 3.24 44266 12 R. middle temporal gyrus (39)
3.17 2 212 32 Mid cingulate (23) 3.23 256 232 24 L. middle temporal gyrus (21)
3.00 246 24 24 L. precentral gyrus (motor cortex) (6) 2.99 212 222 12 L. thalamus

Z score. 3.00;p , .001.
aSignificance of interaction term could be related to either increases in PTSD or decreases in non-PTSD, or a combination of the two.
bSignificance of interaction term could be related to either increases in non-PTSD or decreases in PTSD, or a combination of the two (see Figure 1).
Other areas of interaction significant at thep , .01 level included: (greater increase in PTSD) cerebellum (Z score5 2.64; x5 220, y 5 266, z5 228), (greater

decrease in non-PTSD) right superior temporal gyrus (Z score5 2.54; x5 60, y 5 234, z5 12), (greater increase in non-PTSD) right anterior cingulate (Z score 2.83;
x 5 12, y 5 44, z5 12), (greater increase in non-PTSD) left visual association cortex (19) (Z score 2.37; x5 230, y 5 288, z5 16).
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dle temporal gyrus. The area of deactivation in medial
prefrontal cortex was immediately adjacent to an area of
right anterior cingulate (areas 24 and 32) in which there
was greater activation in the non-PTSD control subjects.
There were also significant differences in posterior cingu-
late (area 23), inferior parietal cortex, lingual gyrus, and
left precentral gyrus (motor cortex). Differences in pattern
of activation in these areas were primarily related to
significant decreases in non-PTSD subjects, although there
was a tendency to increase in PTSD patients.

The area of medial prefrontal cortex (subcallosal gyrus,
or Brodmann’s area 25) implicated in this study is adjacent

and inferior to anterior cingulate (Brodmann’s areas 24
and 32) and superior to posterior orbitofrontal cortex. This
area plays an important role in emotion, social behavior,
and endocrine and autonomic responses to stress (Sesack
et al 1989; Vogt et al 1992; Morgan et al 1993; Carmichael
and Price 1994, 1995; Damasio et al 1994; Morgan and
LeDoux 1995; Devinsky et al 1995; George et al 1995).
Recent studies have also shown decreased function in this
part of the medial prefrontal cortex in patients with
depression (Drevets et al 1997), suggesting correlates with
pathological emotional states in other psychiatric disor-
ders. Lesions in this area in animals resulted in a failure of
extinction to fear responding (Morgan et al 1993) (al-
though see Gewirtz et al 1997). This finding may be
secondary to a release of inhibitory inputs to the amygdala,
which plays a critical role in conditioned fear responding
(Davis 1992; LeDoux 1993). A failure of extinction to fear
is an important component of the clinical presentation of
patients with PTSD, which we have hypothesized to be
secondary to a failure of medial frontal cortex inhibition of
the amygdala (Bremner et al 1995a); however, it should be
noted that according to our model, one might predict
greater activation of amygdala in PTSD, which unlike
prior PTSD studies (Rauch et al 1996; Shin et al 1997) was
not found in the current study.

This area merged into another portion of anterior
cingulate (area 24 and 32) in which differences in blood
flow were primarily related to greater activation in non-
PTSD subjects compared to PTSD. This portion of ante-
rior cingulate is functionally connected with area 25 and is
involved in emotion, evaluation of stimulus/response, and

Figure 1. Percent change in globally normalized regional cere-
bral blood flow with exposure to traumatic cues (combat slides
and sounds) relative to the neutral condition (neutral slides and
sounds) in Vietnam combat veterans with PTSD and comparison
subjects, showing regions in which there were significant group
by condition interactions (p , .001).

Figure 2. Statistical parametric map of areas of significant interaction between PTSD diagnosis and condition. Areas of white and gray
represent regions in which there were significant interactions between condition (traumatic versus neutral) and group (PTSD versus
comparison subjects) (Z score. 3.00; p , .001). Statistical significance is related to patterns of increased blood flow in PTSD,
decreased blood flow in non-PTSD, or some combination of the two. Cer, cerebellum; PH, parahippocampal gyrus; Li, lingual gyrus;
PrC, precentral gyrus; IPL, inferior parietal lobule; Ci, posterior cingulate.
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selection for action (Vogt et al 1992; Devinsky et al 1995).
Rauch et al (1996) found anterior cingulate activation with
traumatic scripts in a sample of PTSD patients. This study
did not involve a comparison, however, with normal
control subjects, which is significant since anterior cingu-
late activation is a well-replicated finding in normal
subjects as demonstrated with a number of paradigms for
induction of emotional states (George et al 1993, 1994,
1995; Benkelfat et al 1995; Lane et al 1997; Reiman et al
1997). Emerging data from several groups are showing
activation in anterior cingulate with traumatic scripts or
sounds in normal subjects that are equal to or greater than
those seen in PTSD (L. Shin, personal communication,
11/23/97; I. Liberzon, personal communication, 11/23/97;
Rauch et al 1997). The data therefore suggest that anterior
cingulate activation is a “normal” brain response to trau-
matic stimuli, and that a relative failure of activation is
characteristic of PTSD. Lesions of anterior cingulate in
rats resulted in an increase in fearfulness (Morgan and
LeDoux 1995). One might speculate that hypofunction of
this area is related to the increased fearfulness seen in
PTSD. Decreased function in anterior cingulate (area 24)
was also found in patients with depression (Mayberg et al
1997) and schizophrenia (Andreasen et al 1992; Taminga
et al 1992).

The current study differed from other published studies
of PTSD in not finding activation of gyrus rectus and
medial orbitofrontal cortex (Rauch et al 1996; Shin et al
1997); however, in our prior study of PTSD symptom
induction with the noradrenergic agent, yohimbine, we
found a failure of activation in orbitofrontal cortex/gyrus
rectus in PTSD, whereas healthy control subjects showed

a robust increase in metabolism in this area. In addition,
we found a pattern of lower orbitofrontal metabolism
being associated with greater panic anxiety in the PTSD
patients (Bremner et al 1997a). We also did not find
deactivation of left inferior gyrus, unlike prior studies
(Rauch et al 1996; Shin et al 1997). Differences in findings
between studies may be related to multiple factors includ-
ing study population and paradigms for symptom induc-
tion (Mayberg et al 1997). Prior studies that found inferior
frontal gyrus deactivation (but not the current study)
included tasks requiring encoding and processing of verbal
material, a function that is mediated by this region. The
current study was consistent with previous investigations
(Rauch et al 1996; Bremner et al 1997a; Shin et al 1997)
in finding a decrease in middle temporal gyrus blood flow
during PTSD symptom provocation. The middle temporal
cortex (in addition to medial prefrontal cortex) plays a role
in the extinction of fear through inhibition of amygdala
function (Jarrell et al 1987; Romanski and LeDoux 1993).
Decreased middle temporal gyrus blood flow has also
been consistently seen in PET studies of functional corre-
lates of verbal declarative memory tasks (Tulving et al
1994).

Exposure to combat-related slides and sounds resulted
in differences in blood flow in several subcortical and
cortical areas involved in memory and visuospatial pro-
cessing. These included lingual gyrus, an adjacent area
that included a portion of lateral cerebellum merging with
dorsal pons and parahippocampal gyrus (note this was
added after display of spm on magnetic resonance tem-
plate), posterior cingulate (area 23), and inferior parietal
lobule. The lingual gyrus has been implicated in visual

Figure 3. Statistical parametric map overlaid on a magnetic resonance image template of areas of significant interaction between PTSD
diagnosis and condition. Areas of white and gray represent regions in which there were significant interactions between condition
(traumatic versus neutral) and group (PTSD versus comparison subjects) (Z score. 3.00;p , .001). Statistical significance is related
to deactivation in the area of medial prefrontal gyrus (area 25) (large white area in frontal cortex) and bilateral middle temporal cortex.
Several slices above the large medial frontal deactivation is a smaller area of significant difference in the area of right anterior cingulate
(image’s right is patient’s right), which is secondary to activation seen in non-PTSD (but not PTSD). AC, anterior cingulate (area 24
and 32); MPfc, medial prefrontal cortex (area 25); MTG, middle temporal gyrus.
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memory and memory for faces (Kapur et al 1995).
Parahippocampal gyrus is adjacent to lingual gyrus and
has also been implicated in emotion and anxiety (Nordahl
et al 1990; Reiman et al 1984, 1986) as well as symptoms
of PTSD (Rauch et al 1996; Shin et al 1997). Visuospatial
processing [mediated by the inferior parietal cortex
(Jonides et al 1993; Pardo et al 1991; Posner et al 1988;
Petersen et al 1988) and posterior cingulate (area 23)
(Vogt et al 1992; Devinsky et al 1995)] is an important
component of preparation for coping with a physical
threat. We have hypothesized the involvement of these
areas in the neuroanatomical network mediating symp-
toms of PTSD (Bremner et al 1995a). Consistent with this
formulation, a recent PET study found increased blood
flow in posterior cingulate during exposure to films of a
bank robbery in bank tellers who were victims of a bank
robbery (Fischer et al 1996).

Areas not hypothesized to show a difference between
PTSD and control subjects included motor cortex, al-
though this area was previously implicated in PTSD by
Rauch et al (1996) and has been consistently shown to
activate in studies of declarative memory. This area may
carry motor aspects of memory necessary for the organ-
ism’s preparation for action during the stress response
(Squire and Zola-Morgan 1991; Lang et al 1983). PTSD
patients showed greater activation in a portion of lateral
cerebellum, although a strong cerebellar activation was
seen in both veterans with and those without PTSD.
Recent PET studies have established a role for the cere-
bellum in attention and memory, probably mediated by its
projections through the thalamus to prefrontal cortex
(Ashkoomoff and Courchesne 1992; Leiner 1989). The
area of greater activation in PTSD in lateral cerebellum
merged with a portion of the dorsal pons, a major site of
noradrenergic neurons in the brain that have projections
throughout cortical and several subcortical regions. This
system plays a critical role in stress and coping with threat
(Abercrombie and Jacobs 1987; Aston-Jones et al 1991;
Rasmussen et al 1986; reviewed in Bremner et al 1996b,
1996c). Our own PET findings showing differences in
metabolic response to yohimbine challenge in PTSD are
consistent with increased central noradrenergic responsiv-
ity in PTSD (Bremner et al 1997a).

Findings in the current study are best interpreted as
secondary to disturbances of a functional network of
interrelated brain areas that mediate memory, visuospatial
processing, and the emotional valence of stimuli. Motor
cortex (area 6), anterior (area 24) and posterior cingulate
(area 23), lingual gyrus, visual association cortex (19),
superior temporal cortex, and thalamus all have projec-
tions to both lateral prefrontal and parietal cortex
(Selemon and Goldman-Rakic 1988). The area of posterior
cingulate (area 23) implicated in this study has functional

connections with hippocampus and adjacent cortex (para-
hippocampal gyrus) [which led to its original classification
as part of the “limbic brain” (Gray 1982)] as well as
parietal cortex. These areas (posterior cingulate, parahip-
pocampal gyrus, and parietal cortex, all of which are
implicated in the current study) may act in concert to
mediate cognitive functions of visuospatial processing and
memory that are necessary for coping with threat (Vogt et
al 1992). PTSD may represent a dysfunction in the brain’s
response to coping with stress and potential threat, which
involves excessive recruitment in brain areas responsible
for visuospatial processing, attention, and memory, in
addition to attaching an affective valence to stimuli.
According to this model the symptoms of PTSD are
related to an abnormality in a functional network involv-
ing multiple cortical and subcortical regions, rather than
one or two areas that specifically are responsible for the
mediation of “emotion.”

In the current study we included only combat veterans
who met specific inclusion criteria based on reactivity to
traumatic stimuli, therefore the results are not generaliz-
able to PTSD patients without psychophysiological re-
sponsivity. Although PTSD patients were included with a
heart rate response to traumatic pictures and sounds of
greater than 5 bpm, there was not a robust measured
response during the actual scan. Heart rate and blood
pressure were measured at the end of the stimulus presen-
tation period. This may have limited our ability to detect
significant increases. Although there was a robust behav-
ioral effect, changes in SUDs ratings (as well as physio-
logical responses) were not as great as those previously
reported with traumatic scripts. We used a fixed order of
presentation of stimuli, to avoid contamination of the
control condition by traumatic slides; however, this pro-
tocol could lead to order effects. Other possible limitations
are related to the pictures and sounds selected for this
study. Brain activation may be related to factors related to
the control condition (e.g., feelings of pleasantness during
the neutral condition). This is avoided, however, by
statistical analyses examining the interaction between
diagnosis and condition, on which the primary conclusions
of the study are based. The use of pictures and sounds as
presentation materials also has inherent strengths, in that
they are similar to stimuli encountered in daily life, and
they can be standardized and validated as provocative
material, and presented in an identical fashion to all
subjects involved in a study protocol. Measurements of
respiration or pCO2 were not performed to examine the
possibility that PTSD patients hyperventilated to a greater
degree than non-PTSD patients, resulting in changes in
pCO2 and blood flow; however, it was not our observation
that PTSD patients hyperventilated during the study (as,
for instance, patients with panic disorder might be ex-
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pected to do). In any case pCO2 would be expected to have
a global effect on blood flow, and the data analysis
performed involved a correction for variations in global
blood flow.

In summary, the current study showed that exposure to
traumatic slides and sounds in PTSD subjects (but not
non-PTSD subjects) resulted in a decrease in blood flow in
medial prefrontal cortex (subcallosal gyrus; Brodmann’s
area 25) and middle temporal gyrus, and a failure in
activation in immediately adjacent right anterior cingulate
(areas 24 and 32). There were also differences (primarily
related to significant decreases in non-PTSD subjects) in
posterior cingulate (area 23), inferior parietal cortex,
lingual gyrus, and left precentral gyrus (motor cortex).

Several functional neuroimaging studies have now been
performed in patients with PTSD. Studies to date are
consistent in implicating medial prefrontal cortex, includ-
ing anterior cingulate, in the pathophysiology of PTSD. In
spite of the clear role for the amygdala in conditioned fear
responses in animals, there is some question whether the
amygdala is involved in PTSD symptoms; however, dif-
ferences in study populations and study paradigms make it
difficult to interpret the findings from different studies.
The most important next step in the field would be to
establish similar study populations and a standard para-
digm for symptom induction study across sites, to estab-
lish with some degree of confidence neuroanatomical
correlates for the symptomatology of PTSD.
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