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Corticolimbic Blood Flow
During Nontraumatic Emotional Processing
in Posttraumatic Stress Disorder
K. Luan Phan, MD; Jennifer C. Britton, MS; Stephan F. Taylor, MD; Lorraine M. Fig, MD; Israel Liberzon, MD

Context: Recent brain imaging studies implicate dys-

function of limbic and paralimbic circuitry, including the
amygdala and medial prefrontal cortex (MPFC), in the
pathogenesis of posttraumatic stress disorder (PTSD) during traumatic recollection and imagery. However, the relationship between activity in these regions and general
emotional processing unrelated to traumatic experience
has not been fully examined.
Objective: To investigate activity in the limbic and
paralimbic brain regions in PTSD in response to a challenge with emotionally salient generic visual images.
Design: Cross-sectional, case-control study.
Setting: Academic medical center.
Participants: Sixteen Vietnam veterans with combatrelated PTSD (PTSD group), 15 combat-exposed Vietnam
veterans without PTSD (combat control group), and 15 ageand sex-matched healthy controls (normal control group).
Main Outcome Measures: We used positron emission tomography to study regional cerebral blood flow
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while participants viewed complex visual pictures with
negatively valenced/aversive, nonaversive (“neutral”), and
blank pictures. Psychophysiologic and emotional selfreport data were also recorded.
Results: All 3 groups activated the dorsal MPFC to general salient content. Controls without PTSD activated the
left amygdala in response to aversive stimuli. Normal controls activated the ventral MPFC and combat-exposed
non-PTSD and PTSD participants exhibited either no response or deactivation in these regions, respectively, during negative emotional experience.
Conclusions: Consistent with current functional neuroanatomic models, patients with PTSD exhibited altered neural responses in the amygdala and ventral MPFC
during the processing of emotionally salient but traumaunrelated stimuli, potentially reflecting disorderspecific changes. Activation of the amygdala and lack of
ventral MPFC deactivation to negatively valenced images in combat controls may reflect compensatory changes
after trauma exposure that are not associated with PTSD.
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OSTTRAUMATIC STRESS DISOR-

der (PTSD) can occur after
trauma exposure (eg, combat, assault, and disasters),
and it is characterized by
various altered emotional responses. Patients with PTSD not only experience intense negative emotional reactions when
reminded of their trauma but also report
anhedonia, social withdrawal, isolation,
and decreased emotional expressivity, referred to as “emotional numbing.”1 Characterizing the neural basis of these diverse, distorted emotional responses poses
a major challenge to contemporary psychiatric research.
Functional neuroimaging techniques,
such as positron emission tomography
(PET) and functional magnetic resonance imaging, provide an opportunity to
examine the neural correlates of these altered emotional responses in PTSD.2-6 To
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date, studies have focused primarily on
brain activation in response to traumarelated stimuli. Exposure to combat sights
and sounds in combat veterans with PTSD
has been associated with relatively increased amygdala activation7,8 and relatively decreased ventral medial prefrontal cortex (MPFC) or subcallosal anterior
cingulate cortex (ACC) activation.9 The
recollection/imagery of combat and civilian traumatic events in PTSD has been associated with amygdala, orbitoprefrontal
cortex (OPFC), and insular cortex10 activation and relatively decreased blood flow
in the MPFC or ACC.11-14 These findings
are central to current functional neuroanatomic models of PTSD2-6 and are supported by findings from animal experiments, lesion studies, and functional
imaging in healthy individuals. These studies15-18 collectively implicate the same
paralimbic (insula, MPFC, and OPFC) and
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limbic (amygdala and ACC) regions in perceiving and
responding to emotionally salient stimuli and affective
regulation. Although limbic and paralimbic frontal dysfunction has been consistently linked to trauma-related
symptom provocation in PTSD,2-5 it remains unclear
whether a similar neural pattern extends to nontraumatic probes. Do abnormal emotional responses “generalize” to nonspecific stimuli? The use of generic emotional stimuli that are not linked to an individual’s trauma
may thus be informative.
Initial findings of abnormal responses to emotional
stimuli not related to trauma in PTSD point toward the
same regions. Patients with PTSD exhibit exaggerated
amygdala activity to masked19 and overtly presented20 fearful faces, suggesting an abnormal amygdala response to
general threat-related stimuli. In the study20 using overtly
presented fearful faces, a diminished MPFC response was
also observed. Previously, Shin et al21 observed that PTSD
subjects, unlike controls, did not activate the rostral ACC
and MPFC in response to general negative words in an
emotional Stroop paradigm. Similarly, Bremner and colleagues22 reported that during the retrieval of emotional
words, the PTSD group exhibited deactivations/
decreased regional cerebral blood flow (rCBF) throughout the frontal brain areas (ACC, OPFC, and MPFC).
These findings, although implicating limbic and paralimbic involvement in affective dysfunction in PTSD, may
reflect more perceptual or cognitive aspects of emotion
than affective experience itself. Lanius and colleagues23
included traumatic and nontraumatic emotional life events
in a script-driven imagery study and reported lower ACC
activation in PTSD across all imagery conditions.
Unlike emotional faces or words, complex visual pictures from the International Affective Picture System24
directly elicit emotional experience and response.25 Furthermore, these standardized pictures contain emotionally salient content unrelated to personal traumatic experience and, therefore, are suited for the investigation
of general emotional experience. These emotional pictures serve as reliable probes of the paralimbic and limbic brain regions26-31 implicated in models of PTSD.2-6
In this PET activation study, we probed neural activity
during general affective experience in PTSD by examining response to generally aversive (trauma-unrelated) visual stimuli. We studied individuals with PTSD in relation to 2 separate comparison groups: healthy controls never
exposed to trauma and trauma-exposed individuals without PTSD. To our knowledge, this is the first large-sample
functional imaging study of affective processing of emotional pictures comparing all 3 groups. We hypothesized
that patients with PTSD would have differential responses
to emotionally salient stimuli specifically in the amygdala, ACC, and paralimbic cortex (dorsal MPFC, ventral
MPFC/OPFC, and insular cortex) relative to controls.
METHODS

PARTICIPANTS
Sixteen Vietnam veterans with combat-related PTSD (PTSD patients), 15 Vietnam combat-exposed veterans without PTSD (combat controls [CCs]), and 15 healthy age- and sex-matched indi-

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 63, FEB 2006
185

Table 1. Characteristics of the 3 Participant Groups

Age, mean ± SD, y
Ethnicity, No.
White
Black
Previous comorbid
diagnoses, No.*
Depressive disorder
Panic/anxiety disorder
Substance abuse/
dependence
Symptom scores, mean ± SD†
CAPS‡
IES-R
DES
TAS
BDI
STAI-state
STAI-trait

Normal
Controls
(n = 15)

Combat
Controls
(n = 15)

PTSD
Patients
(n = 16)

48.7 ± 8.0

56.5 ± 4.9

53.8 ± 4.2

13
2

15
0

16
0

0
0
3

0
0
1

3
1
5

2.8 ± 3.4
35.5 ± 15.1
4.3 ± 2.8
58.4 ± 7.7
4.5 ± 4.2
29.5 ± 8.5
30.3 ± 7.3

6.3 ± 7.3
35.9 ± 14.7
6.4 ± 4.7
52.5 ± 7.9
5.2 ± 4.9
28.0 ± 8.4
30.1 ± 7.9

61.3 ± 19.9
68.4 ± 20.8
21.7 ± 13.4
71.9 ± 15.5
21.3 ± 9.9
45.6 ± 17.7
49.5 ± 15.9

Abbreviations: BDI, Beck Depression Inventory; CAPS, ClinicianAdministered Posttraumatic Stress Disorder Scale; DES, Dissociative
Experiences Scale; IES-R, Impact of Events Scale–Revised;
PTSD, posttraumatic stress disorder; STAI, State-Trait Anxiety Inventory;
TAS, Toronto Alexithymia Scale.
*Normal control subjects: alcohol dependence (n = 1) and alcohol abuse
(n = 2); combat control subjects: alcohol abuse (n = 1); and patients with
PTSD: major depression (n = 3), anxiety disorder not otherwise specified
(n = 1), alcohol dependence (n = 4), and cannabis dependence (n = 2).
†Significant between-group differences (P⬍.001 for all) from 1-way
analyses of variance.
‡Eleven of the 16 patients with PTSD had a CAPS score greater than 50,
and 15 of 16 patients with PTSD had a CAPS score greater than 40.

viduals without previous trauma exposure (normal controls [NCs])
participated in this study. The data from 1 PTSD patient were corrupted and omitted from subsequent analysis. The PTSD diagnosis and evaluation of other Axis I psychiatric disorders were
established using the Structured Clinical Interview for DSM-IV.32
Besides the PTSD diagnosis in the PTSD group, all the participants were free of current Axis I disorders. All the participants
were right-handed and had not been taking psychotropic medications for at least 4 weeks before the study (6 weeks in the case
of fluoxetine and antipsychotic medications). The participants had
no history of major medical or neurologic illness, and those with
histories of substance abuse or dependence were in remission for
at least 6 months. To control for potentially confounding effects
of past illicit drug use or abuse, we recruited controls matched
for substance use history to PTSD patients. Results of urine toxicology screens were negative for all the participants. Magnetic resonance imaging confirmed the absence of any structural abnormalities. All the participants gave written informed consent after
explanation of the experimental protocol, as approved by the University of Michigan institutional review board and the Ann Arbor Veterans Administration Medical Center subcommittee on
human subjects.
As seen in Table 1, the groups had similar ethnic backgrounds and past psychiatric comorbidity. All the participants
were aged 35 to 60 years. The ages of the PTSD patients were
not significantly different from those of either control group;
however, the CC group was older than the NC group (F2,3 =6.646;
P=.003). The PET data analysis comparing controls incorporated age as a nuisance variable to account for this difference.
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ACTIVATION PROTOCOL
AND PET PROCEDURE
Stimuli
The emotional activation paradigm has been previously reported.33 Participants viewed 2 sets of complex International
Affective Picture System gray-scaled images: an aversive set containing negatively valenced/unpleasant images and a nonaversive set containing images of neutral valence. The sets were
matched with respect to the presence of faces and human figures. Another set of blank images consisted of gray screens with
a fixation cross, serving as a low-level control condition. All
the image sets were matched on luminance using imageediting software (Photoshop 4.0; Adobe Systems, Mountain
View, Calif ).

Stimulus Presentation and Behavioral Task
We acquired PET, psychophysiologic, and behavioral ratings
data while participants viewed blocks of aversive, neutral, or
blank images. Fourteen images per block were displayed for 5
seconds each, with no interstimulus interval; no pictures were
presented more than once. Data acquisition consisted of 2 runs
of the 3 conditions (aversive, nonaversive, and blanks), counterbalanced across participants. During scanning, participants
verbally rated each picture for aversive content on a 5-point
scale from 1 (not at all unpleasant) to 5 (extremely unpleasant). During the blank condition, participants used a rating of
3 for each blank screen. We chose this appraisal/labeling task
to support task compliance in the absence of empirical evidence that it could affect corticolimbic blood flow, as recently
reported (see the “Comment” section).34 The participants also
participated in a script-driven imagery paradigm in a separate
experiment, reported elsewhere.35 The order of the experiments was counterbalanced across participants.

Psychophysiologic Measures
Skin conductance was recorded using a psychophysiologic monitoring system (model MP-100; BioPac Systems, Santa Barbara,
Calif ) and silver–silver chloride electrodes attached to the finger volar surface. Waveform peak and integral during image
presentation were analyzed. Subjective ratings and skin conductance responses were analyzed using separate 3⫻3 (group
[NCs, CCs, and PTSD patients]⫻condition [aversive, nonaversive, and blank]) analyses of variance.

PET Data Acquisition and Analysis
The PET procedures have been described previously.33 In brief,
PET was performed using the Siemens ECAT EXACT and HR⫹
scanners (CTI Molecular Imaging Inc, Knoxville, Tenn), which
yield 47 or more sections simultaneously for whole-brain coverage at an axial field of view of approximately 15 cm and a
resolution of 4.5 mm full-width half-maximum. Although both
scanners have similar technical specifications, any differences
between them were minimized as follows: (1) an algorithm derived from point-source calculations (as supplied by CTI) was
performed on data acquired from the HR⫹ scanner to equate
sensitivities; (2) data were reconstructed using the same 0.5
Hanning filter to yield an effective full-width half-maximum
of 10 to 11 mm; (3) data were collected on the same number
of participants in each group using each scanner (EXACT:
10 PTSD patients, 10 CCs, and 11 NCs; HR⫹: 6 PTSD patients, 5 CCs, and 4 NCs); (4) statistical analysis was based on
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intrasubject subtraction (comparisons within subjects with fixedeffects first-level analyses); and (5) scanner type was entered
as a categorical nuisance variable into the analysis and confirmed that scanner type did not affect any of the activation foci
reported in the “Results” section.
Participants were positioned in the PET scanner gantry, using the orbitomeatal line as a reference and a forehead restraint
to reduce intrascan movement. For each PET scan, 10 to 15 mCi
of [15O]H2O was given as an intravenous bolus. Data were collected in 3-dimensional acquisition mode as a single 60-second
frame beginning 2 seconds after the radioactivity arrived in the
brain. Lights were dimmed, and ambient noise (from cooling fans)
was minimal. Scans were separated by 12 minutes. Stimuli presentation began 5 seconds before image acquisition.
All PET images of integrated tissue counts were decay corrected and reconstructed using filtered back-projection with a
Hanning filter to yield an effective full-width half-maximum
of 10 to 11 mm, with standard attenuation and scatter correction.33 The PET data were analyzed using statistical parametric mapping (SPM99; Wellcome Department of Cognitive Neurology, London, England). The PET images were realigned to
the first image in the scanning session, spatially normalized to
the Montreal Neurological Institute brain template, adjusted
for global values, and smoothed using an isotropic Gaussian
filter of 12-mm width (full-width half-maximum). The data were
fit to a general linear statistical model according to standard
processing methods.36-39 Hypotheses were tested as contrasts
in which linear combinations of the model parameters were
evaluated using t statistics. Relevant contrasts between conditions (nonaversive vs blank and aversive vs nonaversive) were
first performed for each participant37 and then entered into
a second-level random-effects within-group analysis using a
1-sample t test on contrast images obtained in each participant for each comparison of interest, treating participants as a
random variable.40 We used a conservative random-effects analysis designed to permit general population inferences and between-group comparisons. Resulting statistical parametric maps
of the t statistic at each voxel were transformed into z scores.
We had a priori hypotheses about differential activation between groups in specific brain regions (amygdala, insula, ACC,
MPFC, and OPFC) and, therefore, using the small-volume correction toolbox in SPM99, we examined significant activations in a search area covering 672 mL of brain tissue comprising 2 volumes: (1) one with dimensions of 140⫻60⫻50 mm
centered at [0, −10, −5] to cover the amygdala and insula and
(2) another with dimensions of 40⫻70⫻90 mm centered at
[0, 35, 15] to cover the entire medial wall of the frontal cortex
(ACC, MPFC, and OPFC). For the within-group analysis, activation foci in this search volume were considered significant
if they survived a P⬍.005 corrected for multiple comparisons
using the false discovery rate procedure in SPM99 such that
only 5 of every 1000 voxels are falsely accepted as significant,41 with a cluster extent threshold (k) of greater than 5 contiguous voxels. For the between-group analysis, we first performed an omnibus F test for a group effect to test for the
presence of activations in a priori regions before any post hoc
pairwise t tests (eg, NC⬎PTSD patients). Only foci that exhibited a significant effect of group in the omnibus test were considered to be significant in subsequent between-group comparisons. Significance thresholds for a priori regions exhibiting
between-group differences (2-sample t tests) were set at the same
level (P⬍.005, false discovery rate corrected for multiple comparisons). Outside a priori regions, we report activations surviving correction for multiple comparisons across the entire brain
(false discovery rate–corrected P⬍.005).
We also performed a correlational analysis to determine
whether clinical symptoms of PTSD patients were associated
with rCBF patterns. Beck Depression Inventory, Clinician-
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be differentially activated in the NC and PTSD groups, was correlated with whole-brain, voxelwise changes in rCBF for the
aversive vs nonaversive contrast.

Administered Posttraumatic Stress Disorder Scale, and Toronto
Alexithymia Scale scores were entered as covariates of interest
in the whole-brain voxelwise analysis. In addition, interregional correlation analyses in each group examined the relationship between rCBF responses in the left amygdala and the
rest of the brain given recent evidence of a functional relationship between the amygdala and prefrontal regions (ACC and
MPFC) in PTSD.42-44 Data extracted from a functional region
of interest in the left amygdala (MNI [Montreal Neurologic Institute] coordinates: [−16, −6, −28]), which was observed to

RESULTS

PSYCHOPHYSIOLOGIC
AND SUBJECTIVE RESPONSES
Aversive pictures were rated more negatively than neutral pictures (F1,43 =231.4; P⬍.001); between-group differences (P = .64) and group ⫻ condition interactions
(P=.78) were not significant. Aversive pictures also elicited a greater skin conductance response (F2,42 = 15.8;
P⬍.001); between-group differences and group ⫻ condition interactions were not significant (P=.91 and P=.92,
respectively) (Table 2).

Table 2. Behavioral and Psychophysiologic Measures*
Pictures

Normal controls
Subjective valence rating
Skin conductance, peak
Combat controls
Subjective valence rating
Skin conductance, peak
PTSD patients
Subjective valence rating
Skin conductance, peak

Blank

Nonaversive

Aversive

NA
0.38 ± 0.40

1.05 ± 0.10
0.70 ± 0.62

3.5 ± 0.69
1.00 ± 0.78

NA
0.47 ± 0.49

1.07 ± 0.11
0.73 ± 0.65

3.27 ± 1.13
1.02 ± 0.89

NA
0.43 ± 0.67

1.17 ± 0.25
0.58 ± 0.68

3.58 ± 1.19
0.95 ± 1.21

[15O]H2O PET RESULTS
Within-group analyses focused on the amygdala, insula, and medial frontal cortex as a priori regions of interest. The omnibus F test for a group main effect did
not reveal any significant foci in the nonaversive vs blank
contrast. For the aversive vs nonaversive contrast, a group
effect was detected in the amygdala ([−18, −8, −28];
z=2.65; P⬍.005) and in the ventral MPFC ([−8, 58, −20];
z=2.64; P⬍.005) (Table 3 and Table 4).

Abbreviations: NA, not applicable; PTSD, posttraumatic stress disorder.
*Data are given as mean ± SD of subjective valence ratings (1 = not at all
unpleasant and 5 = extremely unpleasant) and skin conductance
measurements (expressed as peak in micromho). Significant main effect of
condition (P⬍.001) for valence ratings and skin conductance response.

Table 3. Areas of Increased Blood Flow During Emotional Processing of Pictures
Normal Controls
x, y, z*
Nonaversive⬎blank
Dorsal medial prefrontal cortex
Visual cortex‡
Aversive⬎nonaversive
Dorsal medial prefrontal cortex
Dorsal anterior cingulate cortex
Left insula/inferior frontal gyrus
Amygdala/periamygdala
Ventral medial prefrontal cortex

Combat Controls

PTSD Patients

z Score†

k

x, y, z*

z Score†

k

x, y, z*

z Score†

k

2, 56, 42
2, −90, 8

3.74
5.24

37
13 541

−2, 58, 28
−14, −86, −10

2.94
6.47

76
13 050

−14, 60, 34
12, −86, −4

3.58
6.23

12
13 151

14, 44, 48
10, 16, 30
50, 16, −10
−40, 20, −8
22, −4, −22
0, 64, 4

4.04
3.48
2.96
2.94
2.79
2.82

39
20
62
11
15
24

NSA
8, 24, 40
NSA
NSA
−34, −18, −16
NSA

NSA
3.44
NSA
NSA
2.79
NSA

NSA
29
NSA
NSA
15
NSA

NSA
4, 20, 46
NSA
NSA
NSA
NSA

NSA
3.02
NSA
NSA
NSA
NSA

NSA
79
NSA
NSA
NSA
NSA

Abbreviations: k, number of contiguous voxels in cluster; NSA, no significant activation; PTSD, posttraumatic stress disorder.
*Stereotactic coordinates from the MNI (Montreal Neurologic Institute) atlas: left/right (x), anterior/posterior (y), and superior/inferior (z), respectively.
†In a priori predicted regions, z scores listed for all foci with significance at P⬍.005 corrected for multiple comparisons using false discovery rate in a defined
volume (small-volume correction).
‡Significant activations outside of a priori search volumes (P⬍.005, false discovery rate corrected for multiple comparisons across the entire brain).

Table 4. Areas of Greater Activation During Emotional Processing of Pictures in Controls Relative to PTSD Groups
Normal Controls ⬎ PTSD Patients
Aversive⬎Nonaversive
Ventral medial prefrontal cortex
Amygdala/periamygdala

Combat Controls ⬎ PTSD Patients

x, y, z*

z Score†

k

x, y, z*

z Score†

k

−10, 60, −20
−16, −6, −28

2.97
2.72

121
7

NSA
−18, −8, −32

NSA
3.27

NSA
140

Abbreviations: k, number of contiguous voxels in cluster; NSA, no significant activation; PTSD, posttraumatic stress disorder.
*Stereotactic coordinates from the MNI (Montreal Neurologic Institute) atlas: left/right (x), anterior/posterior (y), and superior/inferior (z), respectively.
†In a priori predicted regions, z scores listed for all foci with significance at P⬍.005 corrected for multiple comparisons using false discovery rate in a defined
volume (small-volume correction).
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Figure. Statistical parametric brain activation t map of the regional cerebral blood flow response to emotionally negative pictures showing activation in the ventral
medial prefrontal cortex (vMPFC) and amygdala (A) greater in normal controls than in posttraumatic stress disorder (PTSD) patients (A) and activation in
the amygdala (A) greater in combat controls than in PTSD patients (B). Regional cerebral blood flow data are projected onto a canonical Montreal Neurologic
Institute brain.

AMYGDALA

DORSAL MPFC

In the nonaversive vs blank comparison, no activations
or deactivations in the amygdala (eg, decreased rCBF)
were noted in any group; there were no between-group
differences. In the aversive vs nonaversive comparison,
greater amygdalar rCBF response to aversive pictures was
observed in NCs and CCs but not in PTSD patients
(Table 3). In between-group comparisons, NCs and CCs
had greater activation of the left amygdala to aversive pictures than the PTSD group (Table 4 and Figure). In the
aversive vs blank comparison, NCs also had greater activation of the left amygdala ([−28, 0, −26]; z=3.00; k=30)
than the PTSD group. Similarly, CCs had greater amygdala activation ([−22, 0, −16]; z = 2.92; k = 100) than the
PTSD patients. Both group differences (NC⬎PTSD and
CC⬎PTSD) were contributed to by increased (eg, higher)
activity in the control groups and the absence of response (rather than deactivation) in the PTSD group.

In the nonaversive vs blank comparison, all 3 groups activated dorsal MPFC (Table 3). No differences between
groups were detected. In the aversive vs nonaversive comparison, only NCs activated the dorsal MPFC, but no between-group differences were detected.

VENTRAL MPFC/OPFC

No significant correlations were detected between brain
activation to aversive pictures in the PTSD group and Clinician-Administered Posttraumatic Stress Disorder Scale,
Toronto Alexithymia Scale, or Beck Depression Inventory scores. However, the absence of a significant finding may be due to a type II error related to the current
sample size.

In the nonaversive vs blank comparison, neither activations nor deactivations were noted in the ventral MPFC/
OPFC in any group. In the aversive vs nonaversive comparison, NCs activated the ventral MPFC, but traumaexposed groups showed no activations in this region
(Table 3). In the PTSD group, significant deactivations
were observed in the ventral MPFC ([−10, 64, −16];
z=3.47; k=188). Consequently, NCs had greater activation of the ventral MPFC than the PTSD group due to
activation in the NCs and deactivation in the PTSD patients (Table 4 and Figure). No differences between
trauma-exposed groups were detected.
DORSAL ACC
In the nonaversive vs blank comparison, neither activations nor deactivations of the ACC were noted in any
group. Between-group differences were not significant.
In the aversive vs nonaversive comparison, all 3 groups
activated the right dorsal ACC (Table 3). No betweengroup differences were noted.
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INSULA
In the nonaversive vs blank comparison, only CCs activated the insula, but no between-group differences were
detected (Table 3). In the aversive vs nonaversive comparison, only NCs activated the bilateral insula, but no
between-group differences were detected (Table 3).
CLINICAL SYMPTOMS
AND BRAIN ACTIVATION

INTERREGIONAL CORRELATION ANALYSES
WITH THE LEFT AMYGDALA
In relation to the left amygdala, negative correlations were
observed only in the dorsal ACC for all 3 groups (NCs:
[2, 8, 36]; z =3.57; CCs: [0, 26, 20]; z=3.33; and PTSD
patients: [−8, 20, 28]; z=3.64). Positive correlations were
observed in the MPFC in the control groups (ventral
MPFC—NCs: [−4, 66, 18]; z=4.19; CCs: [−2, 62, −18],
z = 3.44; and dorsal MPFC—NCs: [4, 26, 66]; z = 3.65;
CCs: [−2, 42, 56]; z=3.86). However, given the post hoc
nature of these interregional correlation analyses and the
temporal resolution of the PET technique, we caution
against conclusive interpretations of causal or reciprocal relationships.
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COMMENT

This PET activation study examined the neural correlates of processing emotionally salient stimuli unrelated
to personal traumatic experience in PTSD and observed
differential corticolimbic responses in the 3 groups studied. Both NCs and CCs activated the amygdala in response to aversive stimuli, whereas the PTSD group did
not show a response in this region; this difference was
statistically significant in group comparisons (NC⬎PTSD
and CC⬎PTSD). During negative emotional experiences, NCs also activated ventral frontal regions (ventral MPFC/OPFC), whereas both combat-exposed groups
exhibited either no response (CCs) or deactivation (PTSD
patients); the difference between NCs and PTSD patients was statistically significant. Unlike NCs, the combatexposed groups showed no insular response to aversive
pictures. All 3 groups activated regions within the dorsal medial frontal cortex (dorsal ACC or dorsal MPFC)
to aversive and nonaversive pictures; however, only NCs
activated the dorsal MPFC to negatively valenced pictures. Collectively, these findings highlight differential
neural responses in the limbic (eg, amygdala) and paralimbic prefrontal cortex (ventral MPFC) to general affective experience in PTSD.
AMYGDALA
Our results suggest altered activity in the amygdala in
response to trauma-unrelated emotional stimuli in PTSD.
Animal, human lesion, and functional imaging studies
suggest that the amygdala has a critical role in emotion,18,45-47 in detecting fear-related cues and fear conditioning,15,18,48,49 and in perceiving salience or general vigilance.27,31,50 Accordingly, both non-PTSD groups (CCs and
NCs) activated the amygdala during exposure to emotionally aversive stimuli. Although PTSD patients reported a negative subjective experience while viewing
these pictures, they did not mount a similar increase in
amygdalar activity. Our findings contrast with those of
Rauch et al19 and Shin et al,20 who demonstrated an exaggerated response in PTSD patients to masked and overtly
presented fearful faces, respectively. One potential explanation for this discrepancy is that the aversive pictures may not specifically evoke fear but rather a more
general negative emotional state.18,51 Furthermore, the
aversive stimuli did not contain material that was personally relevant to the PTSD group, and some studies,7,8,10,52 but not others,2 have suggested that amygdala
activation in PTSD is reserved for trauma-specific content Alternatively, this finding could reflect the emotional flattening observed in PTSD patients, who often
recognize that they do not respond affectively to emotional situations. Behavioral evidence suggests that the
subjective experience of PTSD patients to aversive pictures is similar to that of controls,53,54 and neuropsychologic studies suggest that the amygdala is critical not for
recognition or identification of the emotional value but
rather for mounting appropriate psychophysiologic responses.55 Thus, the preserved subjective response and
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sistent with the emotional numbing interpretation and
may reflect the chronic emotional numbing observed in
PTSD patients. However, because our study did not use
positive-valence stimuli, the emotional numbing interpretation is necessarily preliminary.
Task instructions could affect activations in the limbic (eg, amygdala) and prefrontal cortex regions. Recent imaging studies34,56-58 have shown that when healthy
volunteers label their emotions while viewing emotionally salient stimuli, amygdala activation is attenuated,
whereas medial and lateral frontal cortex activity is enhanced. Although this may have affected the activation
pattern, all 3 groups performed a similar task, and both
control groups activated all relevant regions, including
the amygdala and medial prefrontal regions, to emotional stimuli. If the absence of amygdala activations in
PTSD patients is task dependent, future studies should
specifically investigate the effect of cognitive-emotion interactions on corticolimbic brain activity during emotion processing in PTSD.20,42
VENTRAL MPFC
Neither combat-exposed group exhibited ventral MPFC activation to aversive pictures. The NCs activated ventral prefrontal regions, whereas PTSD patients had deactivation in
this area, suggesting ventral MPFC hypoactivity. This deactivation to affective salience may be PTSD specific, which
is consistent with reported absent or decreased MPFC activity in PTSD patients engaged in recall and imagery of
personal trauma.9,12,13 Current observation further extends the evidence of diminished MPFC activation in PTSD
beyond traumatic reexperiencing or symptom generation
and suggests the potential presence of a more generalized
hypofunction. This interpretation is consistent with findings of greater rCBF decreases in the ventral MPFC in PTSD
patients during emotional words retrieval.22 Ventral MPFC
deactivations have been associated with enhanced selfreferential processing.59 The MPFC is hypothesized to be
involved in reexperiencing the “feelings” of one’s emotional past,60 in emotional awareness,61 and in reflecting on
one’s own emotions/feelings.62 Furthermore, an appropriate stress response seems to depend on the functional integrity of the MPFC63,64 and of the medial prefrontalamygdalar pathway.65,66 The MPFC mediates the inhibition
of conditioned fear after extinction,67,68 and lesions to this
area interfere with fear extinction69 and impair emotional
regulation and social interactions.70 An attenuated MPFC
response to negative-valenced stimuli has been described
in alexithymia,71 and “affect instability” has also been associated with reduced ventral MPFC function.72-74 Based
on these converging observations, it is plausible that MPFC
hypofunction may be specifically related to the difficulties
that PTSD patients have in exhibiting appropriate emotional reactivity, extinguishing fear, or mounting an appropriate stress response.
Combat controls did not activate or deactivate ventral MPFC to emotional stimuli. Although group differences were not noted between control groups or between CCs and PTSD patients, this response might be
related, at least partially, to a compensatory mechanism
or an adaptation to trauma exposure not related to PTSD
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pathogenesis. A positive interregional rCBF correlation
between the ventral MPFC and the left amygdala was observed only in CCs and NCs. Prefrontal activity may be
functionally linked to amygdaloid activity,33,34,65,66 and effective coupling of PFC-amygdala function could serve
to regulate negative emotions and as a buffer against psychiatric disorders.58,75-80 At present, the evidence regarding alterations in amygdala-MPFC coupling in PTSD is
mixed. Shin and colleagues20,42 reported that amygdalar
responses are inversely related to those of the MPFC in
PTSD patients using a similar analytic approach in 2 separate studies, whereas Gilboa and colleagues43 found a positive relationship between the amygdala and the ventral
MPFC (using a partial least squares “functional connectivity” approach). The lack of detectable group differences in the ventral MPFC warrants caution against the
specificity that the ventral MPFC serves an adaptive compensatory function in CCs; however, the finding prompts
further investigation of the complex relationship between the PFC and the amygdala as neural markers of
resilience to psychiatric disease after stress.
DORSAL MPFC AND DORSAL ACC
All the groups activated the dorsal ACC in response to emotionally salient pictures; however, only NCs mounted a dorsal MPFC response to aversive pictures. The left amygdala
rCBF was negatively correlated with the dorsal ACC rCBF
in all 3 groups. We also observed a positive correlation between left amygdala activity and that of the dorsal MPFC
in both control groups but not in PTSD patients. Although group differences in the dorsal frontal cortex were
not detected, this may be a result of individual variability
of response in this region to the negatively valenced pictures, and the present study may not have had adequate
power to detect a small difference. These findings are not
entirely consistent with previous evidence suggesting that
dorsal portions of the ACC and MPFC may be hypofunctioning in PTSD, leading to diminished cognitive function or affective regulation during emotional processing.
For example, Shin and colleagues20 reported less ACC recruitment during the emotional counting Stroop task in
combat-related PTSD21 and diminished ACC activity in response to overtly presented fearful faces. Furthermore, Lanius and colleagues12,13 demonstrated failure to activate the
ACC and the dorsal MPFC during the recall and imagery
of personal traumatic memories. Reduced pregenual and
dorsal ACC volumes81,82 and decreased neuronal integrity
(as indexed by N-acetylaspartate) in the ACC have been
observed in PTSD.83 These observations raise the notion
that alterations in these regions may explain some deficits
in cognitive functioning during emotional processing observed in PTSD patients and may be specific to PTSD. Such
an interpretation is supported by animal, human lesion, and
functional imaging studies, which collectively implicate dorsal frontal regions in affective regulation,17,18,34,76,84-86 including the cognitive control of negative emotional experience76,77,86-88 and cognitive-emotion interactions.29,34,89,90
The potential functional consequences of differences in dorsal frontal cortical activity during emotion regulation in
PTSD await further investigation.
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STUDY LIMITATIONS
Several limitations of this study are worth mentioning. First,
the inclusion of PTSD patients with a history of comorbid
conditions (eg, depression or substance abuse) and the exclusion of current active comorbid Axis I disorders are
strengths and limitations. On the one hand, their inclusion matches better the representative, realistic combat veteran population; however, comorbid mood disorder and
substance abuse, whether remote or current, opens the possibility that these psychiatric disorders contributed to the
obtained results. However, previous psychiatric comorbidity was comparable among the groups. Similarly, because the traumatic event occurred several decades before
this study, chronicity may have been a contributing factor. Also, only male combat veterans with PTSD were studied; therefore, the results do not necessarily generalize to
civilian PTSD (eg, abuse, assault, and disasters) or to women.
In addition, only aversive/negatively valenced stimuli were
used, and future studies are needed to characterize brain
activation to positive stimuli. In a cross-sectional study, it
also cannot be determined whether the altered brain activation patterns preceded or followed traumatic exposure.
However, the inclusion of healthy controls without previous trauma and combat-exposed individuals without PTSD
allows examination of the impact of traumatic experience
on brain activity. Last, aversive visual stimuli depicting dead
bodies/physical wounds, although few in number, may have
reminded combat-exposed individuals of their traumatic
experience. All the individuals, however, were debriefed
after PET, and none reported that the stimuli reminded them
of their personal combat experience.
CONCLUSIONS

In conclusion, the present study investigated the neural basis of general affective experience in PTSD. By studying controls with and without previous traumatic exposure compared with PTSD patients, we can start differentiating
trauma- and PTSD-specific brain activation changes. Ventral MPFC and amygdala hypoactivity to emotional pictures seems to be specifically related to PTSD. These findings prompt future neuroimaging studies to study general
emotional processing and the relationship between prefrontal cortical regions and the amygdala to deepen our understanding of the neural circuitry in PTSD.
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