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Context: Theoretical neuroanatomic models of post-
traumatic stress disorder (PTSD) and the results of pre-
vious neuroimaging studies of PTSD highlight the po-
tential importance of the amygdala and medial prefrontal
regions in this disorder. However, the functional rela-
tionship between these brain regions in PTSD has not been
directly examined.

Objective: To examine the relationship between the
amygdala and medial prefrontal regions during symp-
tom provocation in male combat veterans (MCVs) and
female nurse veterans (FNVs) with PTSD.

Design: Case-control study.

Setting: Academic medical center.

Participants: Volunteer sample of 17 (7 men and 10
women) Vietnam veterans with PTSD (PTSD group) and
19 (9 men and 10 women) Vietnam veterans without
PTSD (control group).

Main Outcome Measures: We used positron emis-
sion tomography and the script-driven imagery para-
digm to study regional cerebral blood flow (rCBF) dur-
ing the recollection of personal traumatic and neutral

events. Psychophysiologic and emotional self-report data
also were obtained to confirm the intended effects of
script-driven imagery.

Results: The PTSD group exhibited rCBF decreases in
medial frontal gyrus in the traumatic vs neutral com-
parison. When this comparison was conducted sepa-
rately by subgroup, MCVs and FNVs with PTSD exhib-
ited these medial frontal gyrus decreases. Only MCVs
exhibited rCBF increases in the left amygdala. How-
ever, for both subgroups with PTSD, rCBF changes in me-
dial frontal gyrus were inversely correlated with rCBF
changes in the left amygdala and the right amygdala/
periamygdaloid cortex. Furthermore, in the traumatic con-
dition, for both subgroups with PTSD, symptom sever-
ity was positively related to rCBF in the right amygdala
and negatively related to rCBF in medial frontal gyrus.

Conclusions: These results suggest a reciprocal rela-
tionship between medial prefrontal cortex and amyg-
dala function in PTSD and opposing associations be-
tween activity in these regions and symptom severity
consistent with current functional neuroanatomic mod-
els of this disorder.
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S EVERAL RECENT FUNCTIONAL

neuroimaging studies have in-
vestigated brain activation
during exposure to trauma-
related stimuli in posttrau-

matic stress disorder (PTSD). For ex-
ample, the presentation of combat sights
and sounds to male combat veterans
(MCVs) with PTSD has been associated
with relatively increased activation in the
amygdala1,2 and cerebellum3-5 and rela-
tively decreased activation in subcallosal gy-
rus.3 The recollection of personal trau-
matic events (via the script-driven imagery
paradigm) in PTSD has been associated with
activation in the amygdala,6 orbitofrontal
cortex, anterior temporopolar cortex,6,7 and
insular cortex6 and relatively decreased ac-

tivation in anterior cingulate gyrus,7,8 me-
dial frontal gyrus,8 and subcallosal gyrus.9

Recent functionalmagnetic resonance
imaging studies using cognitive activation
paradigmshavefurtherdemonstratedtheim-
portanceoftheamygdalaandmedialprefron-
tal regions in PTSD. Rauch et al10 demon-
stratedhyperresponsivityof theamygdalato
masked fearful facial expressions in MCVs
withPTSD.Shinetal11 reporteddiminished
recruitment of anterior cingulate cortex
during the emotional counting Stroop task
inMCVswithPTSD.Medialprefrontalstruc-
tural abnormalities also have been reported
inPTSD,includingdecreasedvolumesofpre-
genualanteriorcingulatecortexandsubcal-
losal cortex12 and diminished neuronal
integrity in anterior cingulate cortex.13
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The results of these neuroimaging studies are broadly
consistent with the hypotheses that, in PTSD, the amyg-
dala is hyperresponsive and medial prefrontal regions are
hyporesponsive, and that these regions are reciprocally re-
lated.14,15 Although researchers have hypothesized such a
reciprocal relationship between the amygdala and medial
prefrontal regions in PTSD, no previous studies in the lit-
erature have provided correlational data in support of this
hypothesis. The most relevant evidence to date comes from
Semple et al,16 who reported higher regional cerebral blood
flow (rCBF) in the amygdala and lower rCBF in anterior
cingulate/medial frontal gyrus in patients with PTSD and
substance abuse. However, correlations between rCBF
changes in the amygdala and medial frontal regions were
not reported.

Most of the neuroimaging studies of PTSD to date
have included either MCVs or women with histories of
physical or sexual abuse. In contrast to male Vietnam vet-
erans, women who served as nurses in Vietnam have re-
ceived relatively little research attention.17-20 Female nurse
veterans (FNVs) were exposed to horrific war-related in-
juries, mutilated bodies, death, and threats to personal
safety and thus were also at risk of developing many nega-
tive outcomes, including PTSD.17,18

In the present research, we studied rCBF in 36 male
and female Vietnam veterans using positron emission to-
mography (PET) and a script-driven imagery para-
digm.6,7,21 In separate conditions, participants recalled and
imagined personal traumatic (war-related) and neutral
events. During traumatic imagery, compared with neu-
tral imagery, we predicted that veterans with PTSD would
exhibit (1) greater activation in the amygdala, orbito-
frontal cortex, temporopolar cortex, and insular cortex
and (2) diminished activation in medial prefrontal re-
gions (including medial frontal gyrus, rostral anterior cin-
gulate gyrus, and subcallosal gyrus) compared with vet-
erans without PTSD. We also performed parallel analyses
in MCVs and FNVs separately to determine whether pat-
terns of brain activation in our regions of interest dif-
fered in these subgroups. Given the lack of neuroimag-
ing data on FNVs, we had no a priori hypotheses regarding
the direction of such subgroup differences. In addition,
we conducted correlational analyses to determine (1) the
functional relationship between the amygdala and me-
dial prefrontal regions and (2) the relationship between
PTSD symptom severity and rCBF in the amygdala and
medial prefrontal regions during the traumatic imagery

condition. To demonstrate that participants achieved an
emotional state during scanning, we also analyzed their
subjective ratings and psychophysiologic data.

METHODS

PARTICIPANTS

Participants were 36 right-handed22 Vietnam veterans without
a history of head injury, neurologic disorders, or other major
medical conditions. Seventeen participants (7 men and 10 wom-
en) met DSM-IV diagnostic criteria for current PTSD (PTSD
group) and 19 participants (9 men and 10 women) never had
PTSD (control group) according to the Clinician-
Administered PTSD Scale (CAPS),23 a structured clinical in-
terview. All of the male participants had served in combat, and
all of the female participants had served as nurses in Vietnam.
Urine drug screen results were negative for all participants. No
participant was taking psychotropic or cardiovascular medi-
cations at the time of the study.

Demographic and clinical data are given in Table 1. Age,
education, and CAPS scores were analyzed using separate 2 (di-
agnosis: PTSD vs control) � 2 (subgroup: MCVs vs FNVs) analy-
ses of variance. For the sake of brevity, we list only the statisti-
cally significant effects. A main effect of subgroup was observed
for education (F1,32=12.3; P=.002). Female nurse veterans had
a greater mean number of years of education than MCVs, re-
flecting FNVs’ nursing training (Table 1). A significant main effect
of diagnosis was observed for CAPS scores (F1,32=205.1; P�.001)
and for mean depression subscale scores on the Symptom Check-
list-90–Revised24 (F1,32=17.4; P�.001). The PTSD group had
higher scores on these measures than the control group.

The presence of other Axis I mental disorders was as-
sessed using the Structured Clinical Interview for DSM-IV.25 Par-
ticipants in the PTSD group met diagnostic criteria for the fol-
lowing current comorbid diagnoses: major depression (3 MCVs
and 5 FNVs), panic disorder (2 MCVs and 1 FNV), social pho-
bia (1 MCV and 1 FNV), specific phobia (2 FNVs), binge eat-
ing disorder (1 FNV), and somatoform disorder (1 FNV). Par-
ticipants in the control group met diagnostic criteria for
dysthymia (2 MCVs), specific phobia (1 FNV), and somato-
form disorder (1 MCV).

This study was approved by the institutional review boards
of the Massachusetts General Hospital, Boston, and the Veter-
ans Affairs Medical Center, Manchester. Written informed con-
sent was obtained from each participant.

SCRIPTS

The design and procedures of the script-driven imagery task
were identical to those reported elsewhere.6,7 Before the PET

Table 1. Demographic and Clinical Data*

Variable

PTSD Group Control Group

MCVs
(n = 7)

FNVs
(n = 10)

MCVs
(n = 9)

FNVs
(n = 10)

Age 51.6 (5.2) 51.8 (1.9) 54.9 (2.7) 51.6 (1.6)
Education 14.8 (2.0) 18.0 (1.8) 16.3 (1.6) 17.3 (1.7)
CAPS total score 80.3 (25.2) 69.5 (16.5) 4.8 (6.3) 4.1 (5.1)
SCL-90-R depression subscale score 1.4 (0.9) 1.9 (1.0) 0.4 (0.5) 0.4 (1.0)

Abbreviations: CAPS, Clinician-Administered PTSD Scale; FNVs, female nurse veterans; MCVs, male combat veterans; PTSD, posttraumatic stress disorder;
SCL-90-R, Symptom Checklist-90−Revised.

*Data are given as mean (SD).
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session, participants provided written descriptions of 2 neu-
tral and 2 Vietnam-related traumatic autobiographical events.
After describing each event, participants examined a list of bodily
responses (eg, “heart races” and “labored breathing”) and circled
those responses (if any) that they experienced during each event.
Later, one of us (M.A.C. or M.L.M.) composed scripts describ-
ing each event in the second person and the present tense, in-
cluding up to 5 of the bodily responses that each participant
selected.21 The scripts were tape-recorded in a neutral voice for
playback in the PET scanner.

Each participant was studied in 2 conditions (neutral and
traumatic) with 2 scans (ie, replicates) per condition. (Partici-
pants completed other tasks in the larger scanning session, and
those data will be reported separately.) During each scan, par-
ticipants recalled and imagined the contents of a neutral or a
traumatic script. The order of conditions was counterbal-
anced across participants.

Before each scan, participants were instructed to close their
eyes, listen carefully to the script, and imagine the described event
as vividly as possible, as if they were actually participating in it.
The PET camera was turned on when the script started playing.
Thirty seconds later, the script ended and oxygen-15–labeled car-
bon dioxide administration began. During the next 60 seconds,
participants continued to recall and imagine the event while PET
data were acquired. Then, oxygen-15–labeled carbon dioxide ad-
ministration and PET data acquisition were terminated, and par-
ticipants were instructed to stop imagining the event. After a 30-
second “recovery” period, participants gave ratings of their
emotional state. The PET scans were separated by at least 10 min-
utes to allow for radiation decay.

PSYCHOPHYSIOLOGIC RESPONSES

Participants’ heart rate, skin conductance, and left lateral fron-
talis electromyographic (EMG) responses were measured via
a modular instrument system (Coulbourn Instruments, Allen-
town, Pa) in the PET laboratory (Massachusetts General Hos-
pital, Boston) according to established procedures.21,26,27

Psychophysiologic measurements were recorded for 30 sec-
onds before each PET scan (baseline), for 60 seconds during
each PET scan (imagery), and for 30 seconds immediately af-
ter each PET scan (recovery). Within the baseline and imag-
ery periods (for each scan), readings were averaged. For each
scan, the mean value during the baseline period was sub-
tracted from the mean value during the imagery period, yield-
ing “response” (ie, change) scores.

SUBJECTIVE RATINGS

Immediately after each scan, participants rated the intensity of
several emotions using separate visual analog scales (0=ab-
sent and 12=maximal).7,21,26 The rated emotions included hap-
piness, sadness, anger, fear, disgust, surprise, and guilt. Par-
ticipants also rated their arousal level, vividness of imagery,
awareness of present surroundings, and degree to which they
felt that the visualized event was happening again.

POSITRON EMISSION TOMOGRAPHY

Procedures

The PET equipment and procedures have been described in pre-
vious studies.6,7,28 Briefly, PET data were gathered using a 15-
slice, whole-body tomograph (Scanditronix PC4096; General
Electric Medical Systems, Milwaukee, Wis). The camera pro-
duced contiguous slices 6.5 mm apart, with axial resolution at
6.0-mm full-width half maximum (axial field, 97.5 mm). Im-
ages were reconstructed using a measured attenuation correc-

tion and a Hanning-weighted reconstruction filter set to allow
for 8-mm in-plane spatial resolution (full-width half maximum).

After entering the scanner, each participant was fitted with
a thermoplastic custom-molded face mask, an overlying face mask
attached to a vacuum, and nasal cannulae, which delivered the
oxygen-15–labeled carbon dioxide. The concentration of oxygen-
15–labeled carbon dioxide was 80 mCi/L (2960 MBq/L); the flow
rate was 2 L/min. Each participant’s head was aligned in the scan-
ner relative to the canthomeatal line, and transmission measure-
ments were made using an orbiting pin source.

Data Analysis

Statistical parametric mapping analysis of the PET data was con-
ducted using a computer software package (SPM99; Well-
come Department of Cognitive Neurology, London, England).29

Within SPM99, all images were corrected for interscan move-
ment using sinc interpolation and then were transformed into
a standard stereotactic space using bilinear interpolation. Im-
ages were then smoothed using a 2-dimensional Gaussian fil-
ter with a width of 10-mm full-width half maximum. At each
voxel, the PET data were normalized using the global mean and
fit to a linear statistical model using the method of least squares.
Hypotheses were tested as contrasts in which linear com-
pounds of the model parameters were evaluated using t statis-
tics, which were then transformed to z scores.

We assessed our predictions with (1) separate voxelwise
traumatic vs neutral contrasts in each diagnostic group and (2)
a voxelwise test of the condition�diagnosis interaction. Sepa-
rate parallel statistical parametric mapping analyses were con-
ducted for each subgroup. We chose to conduct the traumatic
vs neutral contrasts within a fixed-effects model because this
procedure minimizes type II error. Although fixed-effects analy-
ses limit our ability to generalize from the study sample to the
larger population of patients with PTSD, the present findings
in the amygdala and medial prefrontal cortex (see the “Re-
sults” section) are similar to those of previous studies3,6,7,9 us-
ing fixed-effects models. Furthermore, random-effects analy-
ses of the present data set revealed similar findings in the
amygdala and medial prefrontal cortex.

To determine whether the rCBF changes in medial pre-
frontal regions were related to rCBF changes in the amygdala
in PTSD, we (1) defined a functional region of interest (diam-
eter, 4 mm) around the deactivation in medial frontal gyrus in
the traumatic vs neutral contrast in the PTSD group (Mon-
treal Neurological Institute [MNI] coordinates, +10, +52, +2),
(2) extracted rCBF values per condition per participant from
that region of interest, (3) calculated the traumatic vs neutral
rCBF change score per participant, and (4) determined whether
those change scores were associated with rCBF changes in other
brain areas in the traumatic vs neutral comparison (using in-
dividual participant “con” images) via a voxelwise correla-
tional analysis. Finally, within SPM99, voxelwise “covariates
only” analyses were conducted to determine the relationship
between PTSD symptom severity (CAPS) scores and rCBF in
the amygdala and medial prefrontal regions for the traumatic
condition. All of these correlational procedures were per-
formed on the entire PTSD group and separately for the MCV
and FNV subgroups with PTSD. For the sake of brevity, we fo-
cused specifically on the amygdala and medial prefrontal re-
gions in the correlational analyses.

STATISTICAL ANALYSIS

The statistical parametric maps resulting from the analyses de-
scribed herein were inspected for activations in our a priori re-
gions of interest. Given our strong, directional hypotheses, we
used a significance threshold of P�.001, uncorrected (z�3.09)
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for activations in these a priori regions. Most of the key acti-
vations occurring in the amygdala and medial prefrontal cor-
tex would remain significant even if we used an extremely con-
servative Bonferroni volume-corrected P=.002 (z�2.88, 24
voxels of 6�6�6 mm) for the amygdala and P=.0007 (z�3.19,
75 voxels) for medial prefrontal cortex. Because the proce-
dure of correcting P values based on region size is biased to-
ward finding statistical significance in small structures, we used
the previously stated constant significance threshold. For re-
gions about which we had no a priori prediction, we used a more
conservative constant significance threshold of P�.00001, un-
corrected (z�4.27).

The statistical analyses of the psychophysiologic and sub-
jective rating data were conducted not to present these results
as findings in their own right (which has already been done in
numerous publications with essentially the same results) but
rather to demonstrate that the predicted emotional activations
and associated group and condition differences, on which the
validity of the neuroimaging findings depends, had been
achieved. For this reason, corrections for multiple compari-
sons were not performed for the results of these analyses.

RESULTS

PSYCHOPHYSIOLOGIC RESPONSES

Heart rate, skin conductance, and EMG responses to trau-
matic and neutral imagery scripts were averaged across
scans in each condition and were analyzed using sepa-
rate 2 (diagnosis: PTSD vs control)�2 (subgroup: MCVs
vs FNVs)�2 (condition: neutral vs traumatic) analyses
of variance (Table 2).

Regarding heart rate responses, the only signifi-
cant effect was a main effect of condition (F1,32=22.7;
P�.001). Heart rate responses were greater in the trau-
matic condition than in the neutral condition across both
groups (Table 2).

Regardingskinconductanceresponses, thereweresig-
nificant main effects of diagnosis (F1,32=4.1; P=.05) and
condition (F1,32=19.2; P�.001). The condition�diagnosis
interaction was also significant (F1,32=7.7; P=.01). In-
creases in skin conductance responses from the neutral to
the traumatic condition were greater in the PTSD group
vs the control group (Table 2). Also significant was the
condition�diagnosis�subgroup interaction (F1,32=10.7;
P=.003). Examination of the means indicated that the dif-
ference in skin conductance response changes between

PTSD and control participants was greater in FNVs than
in MCVs.

Finally, regarding EMG responses, significant main
effects of diagnosis (F1,32=14.0; P�.001), subgroup
(F1,32=4.3; P=.05), and condition (F1,32=30.3; P�.001)
were observed. The condition�diagnosis interaction was
also significant (F1,32= 11.5; P = .002). The EMG re-
sponse increases from the neutral to the traumatic con-
dition were greater in the PTSD group than in the con-
trol group (Table 2). A significant condition�subgroup
interaction was also found (F1,32=4.3; P=.05). Inspec-
tion of the means demonstrated that EMG response in-
creases from the neutral to the traumatic condition were
greater in FNVs than in MCVs.

SUBJECTIVE RATINGS

Ratings were averaged across scans in each condition and
were submitted to separate 2 (diagnosis: PTSD vs con-
trol)�2 (subgroup: MCVs vs FNVs)�2 (condition: neu-
tral vs traumatic) analyses of variance. Significant main
effects of condition were observed for happiness, sad-
ness, anger, fear, disgust, surprise, guilt, arousal, and viv-
idness of imagery (for all: F1,32�20.4; P�.001). Com-
pared with the neutral condition, the traumatic condition
was associated with lower ratings of happiness and higher
ratings on all the other scales. Significant main effects of
condition also were observed for ratings of awareness of
present surroundings and the degree to which partici-
pants felt that the visualized event was happening again
(for all: F1,30�7.7; P�.01). All participants reported feel-
ing less aware of their surroundings and more like the
visualized event was happening again during the trau-
matic condition relative to the neutral condition.

Furthermore, significant main effects of diagnosis
were found for fear, arousal, disgust, and guilt (for all:
F1,32�4.4; P�.05). Ratings on these scales were higher
in the PTSD group compared with the control group. Sig-
nificant condition�diagnosis interactions were ob-
served for fear, arousal, guilt, and surprise (for all:
F1,32�4.6; P�.05). The PTSD group had greater in-
creases on these scales than the control group. A signifi-
cant condition�diagnosis�subgroup interaction was ob-
served for ratings of surprise (F1,32=4.9; P=.04). The
increase in surprise ratings between conditions was stron-

Table 2. Psychophysiologic Responses to Traumatic and Neutral Imagery Scripts*

Variable

PTSD Group Control Group

MCVs
(n = 7)

FNVs
(n = 10)

MCVs
(n = 9)

FNVs
(n = 10)

Traumatic condition
Heart rate response, beats/min 4.5 (4.9) 4.7 (4.0) 1.4 (2.5) 2.8 (1.2)
Skin conductance response, µs 0.2 (0.3) 0.5 (0.5) 0.06 (0.5) −0.2 (0.5)
Electromyographic response, µV 1.9 (1.6) 3.4 (2.5) 0.3 (0.6) 1.1 (0.6)

Neutral condition
Heart rate response, beats/min 1.3 (2.0) −0.4 (2.1) −0.1 (4.4) 0.2 (1.5)
Skin conductance response, µs −0.1 (0.1) −0.1 (0.2) −0.3 (0.5) −0.1 (0.4)
Electromyographic response, µV 0.1 (0.4) −0.3 (0.8) 0.02 (0.4) 0.1 (0.3)

Abbreviations: FNVs, female nurse veterans; MCVs, male combat veterans; PTSD, posttraumatic stress disorder.
*Data are given as mean (SD).
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ger for MCVs with PTSD than for FNVs with PTSD. Fi-
nally, a significant condition�diagnosis interaction was
observed for the degree to which participants felt that the
visualized event was happening again (F1,30=5.6; P=.03);
the PTSD group had greater increases on this scale com-
pared with the control group.

PET RESULTS

Traumatic vs Neutral Comparison:
PTSD and Control Groups

In the PTSD group (n=17), the traumatic vs neutral com-
parison yielded no statistically significant rCBF in-
creases. Significant rCBF decreases occurred in medial fron-
tal gyrus (z = 4.70; MNI coordinates, +10, +52, +2)
(Figure1 and Figure2). Nonpredicted regions with sig-
nificant rCBF decreases included superior frontal gyrus
(z=4.35; MNI coordinates, −28, +62, +2), middle tempo-
ral gyrus (z=4.61; MNI coordinates, −52, −10, −16; and
z=4.40; MNI coordinates, +58, −4, −26), inferior parietal
cortex (z=5.00; MNI coordinates, −42, −50, +40), and oc-
cipital cortex (z=5.20; MNI coordinates, −34, −90, +2).

In the control group, the traumatic vs neutral com-
parison yielded no statistically significant rCBF in-
creases or decreases. For completeness, we note that a
nonsignificant rCBF increase occurred in medial frontal
gyrus (z=2.60; MNI coordinates, +16, +58, +20).

The diagnosis�condition interaction revealed no
regions with greater rCBF increases in the PTSD group
or greater decreases in the control group. Regions with
greater increases in the control group or greater de-
creases in the PTSD group included medial frontal gy-
rus (z=3.56; MNI coordinates, +6, +58, +2) and occipi-
tal cortex (z=4.79; MNI coordinates, −34, −88, +4).

Traumatic vs Neutral Comparison:
Subgroup Analyses

Table 3 gives regions of rCBF increases in MCVs and
FNVs with PTSD. Increases in rCBF in the amygdala were
observed in MCVs with PTSD only. Table 4 gives re-
gions of rCBF increases in MCVs and FNVs without PTSD.
Finally, diagnosis�condition interactions in the MCV
and FNV subgroups demonstrated that amygdala acti-
vation in the traumatic vs neutral comparison was greater
in MCVs with PTSD than in MCVs without PTSD
(Table 5). No such differential activation in the amyg-
dala was observed in the analogous interaction among
FNVs.

Medial Frontal/Amygdala Correlations

In all of the PTSD participants, rCBF changes in medial fron-
tal gyrus (MNI coordinates, +10, +52, +2) were negatively
correlated with rCBF changes in the left amygdala (z=3.23;
MNI coordinates, −26, +2, −14) and the right amygdala/
periamygdaloid cortex (z=3.48; MNI coordinates, +18, +6,
−22). In other words, smaller rCBF responses in medial fron-
tal gyrus were associated with larger rCBF responses in the
amygdala and periamygdaloid cortex. These correlations
remained when participants with current major depres-
sion were removed from the analyses.

In addition, this relationship was observed in each
PTSD subgroup separately. In MCVs with PTSD, rCBF
changes in medial frontal gyrus were negatively corre-
lated with rCBF changes in the left amygdala (z=3.51;
MNI coordinates, −16, +2, −12) and right periamygda-
loid cortex (z=2.88; MNI coordinates, +22, +6, −26). In
FNVs with PTSD, rCBF changes in medial frontal gyrus
were negatively correlated with rCBF changes in the left
amygdala (z=3.54; MNI coordinates, −28, +4, −18) and
the right amygdala/periamygdaloid cortex (z=3.38; MNI
coordinates, +16, +4, −18).

To assess the specificity of this inverse functional
relationship between medial frontal gyrus and amyg-
dala, analogous correlational analyses were performed us-
ing rCBF change data in another prefrontal region that
demonstrated rCBF decreases in the traumatic vs neu-
tral comparison in the PTSD group; rCBF changes in su-
perior frontal gyrus were not correlated with rCBF changes
in the amygdala. In addition, no other regions were sta-
tistically significantly correlated with rCBF changes in
medial frontal gyrus except in MCVs with PTSD. In that
subgroup, we also observed positive correlations with the

5

4

3

2

1

0
Medial Frontal Gyrus

Figure 1. Regional cerebral blood flow decreases in medial frontal gyrus
(z=4.70; Montreal Neurological Institute coordinates, +10, +52, +2) in the
traumatic vs neutral comparison in all participants with posttraumatic stress
disorder (n=17). Regional cerebral blood flow data are superimposed on a
standard T1 template (SPM99; Wellcome Department of Cognitive
Neurology, London, England) and displayed according to neurologic
convention.
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Figure 2. Normalized regional cerebral blood flow (rCBF) values in medial
frontal gyrus (z=4.70; Montreal Neurological Institute coordinates, +10, +52,
+2) in the traumatic and neutral conditions in the posttraumatic stress
disorder (PTSD) (n=17) and control (n=19) groups. Error bars represent
SEM.
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left hippocampus (z=4.37; MNI coordinates, −28, −12,
−12) and fusiform gyrus (z=4.28; MNI coordinates, +38,
−46, −8) and negative correlations with the cerebellum
(z=4.68; MNI coordinates, +20, −30, −16) and orbito-
frontal cortex (z=4.42; MNI coordinates, +26, +42, −14).

Symptom Severity Correlations

In the PTSD group (n=17), CAPS scores were posi-
tively associated with rCBF in the traumatic condition

in the right amygdala (z=3.83; MNI coordinates, +28, +4,
−14) (although centered on the anterior/lateral margin
of the amygdala, this activation extended posteriorly and
medially to include the entire right amygdala and the an-
terior right hippocampus [z=4.01; MNI coordinates, +22,
−10, −16]). In MCVs with PTSD, CAPS scores were posi-
tively associated with rCBF in the traumatic condition
in the right amygdala (z=2.93; MNI coordinates, +24, +4,
−16) extending posteriorly to the right hippocampus
(z=3.07; MNI coordinates, 20, −12, −16) and were nega-

Table 3. Traumatic vs Neutral Comparison: PTSD Group*

Male Combat Veterans Female Nurse Veterans

Region z Score
MNI

Coordinates (x, y, z) Region z Score
MNI

Coordinates (x, y, z)

Increase
Amygdala 3.47 −18, 0, −24 None NA NA

2.74† +14, −6, −24

Decrease
Medial frontal gyrus 3.52 +10, +52, +2 Medial frontal gyrus 3.25 +10, +50, +2
Inferior temporal gyrus 5.07 +58, −6, −24 Occipital cortex 4.54 −32, −90, −2
Occipital cortex 4.29 −32, −86, +14

Abbreviations: MNI, Montreal Neurological Institute; NA, not applicable; PTSD, posttraumatic stress disorder; rCBF, regional cerebral blood flow.
*A priori regions of interest are shown in bold.
†z Score is below the statistical significance threshold for a priori regions but is listed for completeness.

Table 4. Traumatic vs Neutral Comparison: Control Group*

Male Combat Veterans Female Nurse Veterans

Region z Score
MNI

Coordinates (x, y, z) Region z Score
MNI

Coordinates (x, y, z)

rCBF Increase
Medial frontal gyrus 2.60† −10, +50, +30 Medial frontal gyrus 4.31 −6, +56, +26

rCBF Decrease
None Superior temporal gyrus 4.53 +56, −30, +16

Occipital cortex 4.45 +28, −92, +24

Abbreviations: MNI, Montreal Neurological Institute; rCBF, regional cerebral blood flow.
*A priori regions of interest are shown in bold.
†z Score is below the statistical significance threshold for a priori regions but is listed for completeness.

Table 5. Diagnosis � Condition Interactions*

Male Combat Veterans Female Nurse Veterans

Region z Score
MNI

Coordinates (x, y, z) Region z Score
MNI

Coordinates (x, y, z)

Greater Increases in the PTSD Group or Greater Decreases in Controls
Amygdala 3.45 −20, 0, −26 None

2.46† +14, −4, −22

Greater Decreases in the PTSD Group or Greater Increases in Controls
Medial frontal gyrus 3.09 +6, +58, +2 Medial frontal gyrus 2.28† +6, +72, +14

2.26† +2, +50, −14
Anterior cingulate gyrus 3.34 −10, 0, +42 Lingual gyrus 4.29 +14, −76, −8
Occipital cortex 4.75 −34, −90, +4

Abbreviations: MNI, Montreal Neurological Institute; PTSD, posttraumatic stress disorder.
*A priori regions of interest are shown in bold.
†z Score is below the statistical significance threshold for a priori regions but is listed for completeness.
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tively associated with rCBF in medial frontal gyrus
(z=3.29; MNI coordinates, −2, +52, +6) and anterior cin-
gulate gyrus (z=3.46; MNI coordinates, −4, +20, +28).
In FNVs with PTSD, CAPS scores were also positively
associated with the right amygdala/hippocampus (z=2.63;
MNI coordinates, +24, −6, −14) and negatively associ-
ated with medial frontal gyrus (z=4.40; MNI coordi-
nates, +10, +70, −6). These relationships remained even
after controlling for depression severity scores.

COMMENT

During the recollection and imagery of traumatic vs neu-
tral personal events, MCVs and FNVs with PTSD exhib-
ited rCBF decreases in medial frontal gyrus. Only MCVs
showed rCBF increases in the left amygdala. However,
for both subgroups with PTSD, rCBF changes in medial
frontal gyrus were inversely correlated with rCBF changes
in the left amygdala and the right amygdala/
periamygdaloid cortex. Furthermore, in the traumatic con-
dition, for both subgroups with PTSD, symptom sever-
ity was positively related to rCBF in the right amygdala
and negatively related to rCBF in medial frontal gyrus.

Our finding of decreased activation of medial fron-
tal gyrus during the symptomatic state in PTSD is con-
sistent with the results of previous research3,7-9 and with
models of PTSD that hypothesize abnormal function of
medial prefrontal structures. However, not all studies have
reported such decreased activation of medial prefrontal
regions in PTSD. For example, using single-photon emis-
sion computed tomography, Zubieta et al30 reported rela-
tively increased medial prefrontal cortex blood flow in a
combat sounds condition relative to a white noise con-
dition. The reason for such a disparate result is unclear
but may be attributed to the different neuroimaging tech-
niques (single-photon emission computed tomogra-
phy) implemented in that study. Lanius et al8,31 found
that functional magnetic resonance imaging signal changes
in medial frontal gyrus and anterior cingulate gyrus may
vary depending on the dissociative state of participants;
specifically, patients with PTSD who dissociated during
scanning showed increased activation in these regions,
whereas those who did not dissociate showed less acti-
vation in these regions. Thus, perhaps discrepant find-
ings in the literature regarding medial prefrontal re-
gions can be explained by variability in the dissociative
state of participants across (and within) studies.

In participants with PTSD, blood flow changes in
medial frontal gyrus were inversely correlated with blood
flow changes in the amygdala. This finding resonates with
those of a previous study16 reporting decreased blood flow
in anterior cingulate gyrus/medial frontal gyrus and in-
creased blood flow in the amygdala in patients with PTSD.
Although the direction of causality cannot be inferred from
correlational analyses, the relationship between the amyg-
dala and medial prefrontal cortex is likely to be recipro-
cal. Medial prefrontal regions send projections to the
amygdala in primates,32-35 and they may play an impor-
tant role in the process of extinction of fear condition-
ing.36-39 Conversely, in rodents, prefrontal neurons show
decreases in spontaneous activity in the presence of a con-
ditioned aversive tone as a function of amygdala activ-

ity, suggesting that the amygdala may modulate prefron-
tal neuronal activity.40 Longitudinal and twin studies of
PTSD may help elucidate the precise functional relation-
ship between these structures and determine whether the
more primary abnormality involves medial prefrontal re-
gions or the amygdala.

In the PTSD group, PTSD symptom severity was posi-
tively correlated with rCBF in the right amygdala and
negatively correlated with rCBF in medial frontal gyrus
during traumatic imagery. Positive correlations be-
tween subjective ratings of distress and right amygdala
activity have been reported previously in PTSD2 and in
social anxiety.41 The present results supplement these pre-
vious findings.

In the present study, left amygdala activation in the
traumatic vs neutral comparison was found among MCVs
with PTSD but not among FNVs with PTSD. This dif-
ference between PTSD subgroups may be driven by dif-
ferences in trauma type (eg, directly experiencing dan-
ger vs witnessing frightening situations) or sex or may
have reflected a type II error in FNVs with PTSD. How-
ever, regarding rCBF findings in our a priori regions of
interest, these 2 subgroups exhibited more commonali-
ties than differences.

In contrast to the results of previous research, we
found no evidence of rCBF increases in orbitofrontal cor-
tex, temporopolar cortex, or insular cortex during trau-
matic imagery in the PTSD group. An explanation for this
remains elusive, especially given that the methods imple-
mented in this study were similar to those of previous
studies.6,7 In addition, previous studies have reported in-
creased activation in medial frontal regions in control par-
ticipants without PTSD.3,7,9 In the present study, FNVs
without PTSD exhibited significant activation in medial
frontal gyrus (Table 4), but similar activations in MCVs
without PTSD, and in the control group as a whole, fell
below our significance threshold. The reason for sub-
threshold medial frontal activation in the control group
is unclear.

This study cannot (and was never intended to) di-
rectly assess sex differences in neural responses to trau-
matic imagery because the men and women in this study
experienced different types of trauma. Thus, any rCBF
differences between MCVs and FNVs may be attribut-
able to sex, trauma type, or a combination of the two. In
addition, although the number of participants in our PTSD
group was relatively large by functional neuroimaging
standards (n=17), analyzing data in MCVs and FNVs
separately resulted in a relative loss of power and an in-
creased risk of type II error for the subgroup analyses.
However, despite the small numbers per subgroup, the
rCBF results in a priori regions of interest were strik-
ingly similar in MCVs and FNVs with PTSD. The pres-
ent study is limited by the presence of comorbidity in the
PTSD group, and future neuroimaging studies of PTSD
should use psychiatric control groups. It should be noted,
however, that the key results from the present study re-
mained even after controlling for depression. Finally, the
present design did not include a low-level baseline con-
dition as a secondary comparison condition, which could
have helped determine the patterns of activation associ-
ated with the neutral and traumatic conditions sepa-
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rately and might have further clarified activation differ-
ences between groups.

In summary, veterans with PTSD exhibited rCBF de-
creases in medial frontal gyrus during traumatic vs neu-
tral script-driven imagery. These rCBF changes were in-
versely correlated with rCBF changes in the left amygdala
and the right amygdala/periamygdaloid cortex. Further-
more, in the traumatic condition, symptom severity was
positively related to rCBF in the right amygdala and nega-
tively related to rCBF in medial frontal gyrus. These re-
sults are consistent with functional neuroanatomic mod-
els of PTSD that posit a reciprocal relationship between
medial prefrontal cortex and amygdala in PTSD.
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Figure 3. Kaplan-Meier estimates of time to response. Response is defined
as a decrease in Montgomery-Åsberg Depression Rating Scale total score of
50% or more after at least 4 weeks of treatment. Median time to response
for the olanzapine group (55 days) was significantly earlier compared with
the placebo group (59 days). Median time to response for the
olanzapine-fluoxetine combination group (21 days) was significantly earlier
than for the olanzapine and placebo groups.

Correction

Error in Figure. In the original article titled “Efficacy of Olanzapine and Olanza-
pine-Fluoxetine Combination in the Treatment of Bipolar I Depression,” pub-
lished in the November issue of the ARCHIVES (2003;60:1079-1088), the key in
Figure 3 was incorrect. In the corrected key, the top line is for the olanzapine-
fluoxetine combination group, and the middle line is for the olanzapine mono-
therapy group. Figure 3 is reprinted correctly here.
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