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Abstract
Background—In the conditioned fear paradigm, repeated pairing of an aversive unconditioned
stimulus (US) (e.g. electric shock) with a neutral conditioned stimulus (CS) (e.g. bright light)
results in a conditioned fear response to the light alone. Animal studies have shown that the
amygdala plays a critical role in acquisition of conditioned fear responses, while the medial
prefrontal cortex (including anterior cingulate), through inhibition of amygdala responsiveness,
has been hypothesized to play a role in extinction of fear responses. No studies have examined
neural correlates of fear conditioning and extinction in patients with post-traumatic stress disorder
(PTSD).

Method—Women with early childhood sexual-abuse-related PTSD (n=8) and women without
abuse or PTSD (n=11) underwent measurement of psychophysiological (skin conductance)
responding as well as positron emission tomographic (PET) measurement of cerebral blood flow
during habituation, acquisition and extinction conditions. During habituation subjects were
repeatedly exposed to a blue square on a screen. During acquisition, exposure to the blue square
(CS) was paired with an electric shock to the forearm (US). With extinction, subjects were again
exposed to the blue squares without shock. On a different day subjects went through the same
procedure with electric shocks administered randomly in the absence of the blue square.

Results—Skin conductance responding to the CS was consistent with the development of
conditioned responses with this paradigm. PTSD patients had increased left amygdala activation
with fear acquisition, and decreased anterior cingulate function during extinction, relative to
controls.
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Conclusions—These findings implicate amygdala and anterior cingulate in the acquisition and
extinction of fear responses, respectively, in PTSD.

INTRODUCTION
Childhood sexual-abuse-related post-traumatic stress disorder (PTSD) is a major public
health problem that affects about 15% of traumatized individuals and is twice as common in
women as in men (Kessler et al. 1995; MacMillan et al. 1997; McCauley et al. 1997), and
often leads to chronic morbidity (Saigh & Bremner, 1999). In spite of the magnitude of
childhood abuse and PTSD in our society, little is known about the effects of early abuse on
the brain.

Animal studies show that early stress has long-term effects on brain regions including
hippocampus, amygdala, cingulate, and prefrontal cortex. Brain areas that have functional
significance for PTSD and the response to threat (Bremner, 1998; Pitman, 2001) share in
common the fact that they mediate different aspects of memory and visuospatial processing.
Medial prefrontal cortex (Vogt et al. 1992; Devinsky et al. 1995), which is particularly
sensitive to stress (Roth et al. 1988), consists of several related areas, including orbitofrontal
cortex, anterior cingulate (Area 25 – subcallosal gyrus, and Area 32), and anterior prefrontal
cortex (Area 9). Animals with lesions of the medial prefrontal cortex are unable to
extinguish fear responses after trials of fear conditioning (Morgan et al. 1993; Morgan &
LeDoux, 1995). Human subjects with lesions of the prefrontal cortex show dysfunction of
normal emotions and an inability to relate in social situations that require correct
interpretation of the emotional expressions of others (Damasio et al. 1994). The amygdala
plays a central role in conditioned fear responses (Davis, 1992; LeDoux, 1996). The
hippocampus is involved in fear responses to the context of a stressful situation (Kim &
Fanselow, 1992; Phillips & LeDoux, 1992) in addition to its role in declarative memory.
Posterior cingulate, parietal and motor cortex, and cerebellum are functionally related to
antero-lateral prefrontal cortex (superior and middle frontal gyri) (Selemon & Goldman-
Rakic, 1988), mediating visuospatial processing that is critical to survival in life-threatening
situations.

One of the most important brain areas in this interconnected network mediating the stress
response is the amygdala (Davis, 1992; LeDoux, 1996). In the conditioned fear response,
pairing of an unconditioned stimulus (US) (e.g. electric shock) with a conditioned stimulus
(CS) (e.g. bright light) leads to a fear reaction to the CS (bright light) alone. The
neuroanatomy and neurophysiology of conditioned fear responses in animals have been well
characterized (Hitchcock & Davis, 1986; Rosen & Davis, 1988; Hitchcock et al. 1989;
Miserendino et al. 1990; Hitchcock & Davis, 1991). Lesions of the central nucleus of the
amygdala have been shown to completely block fear-potentiated startle (Hitchcock & Davis,
1986; Hitchcock et al. 1989) while electrical stimulation of the central nucleus increases
acoustic startle (Rosen & Davis, 1988). Pathways from the amygdala to the lateral
hypothalamus effect peripheral sympathetic responses to stress (Iwata et al. 1986). Electrical
stimulation of the amygdala results in peripheral signs of autonomic hyperactivity, increased
catecholamine turnover, and fear-related behaviors (Chapman et al. 1954; Gunne & Reis,
1963; Hilton & Zbrozyna, 1963), while lesions of the amygdala in humans result in an
impairment in fear conditioning (LaBar et al. 1995).

Studies have begun to use neuroimaging to map the neural correlates of fear and emotion in
normal human subjects. Studies using functional magnetic resonance imaging (fMRI) and
positron emission tomography (PET) measurement of correlates of brain blood flow found
increased amygdala activity with emotional paradigms including conditioning, exposure to
angry faces, and negative pictures (Cahill et al. 1996; Buchel et al. 1998; LaBar et al. 1998;

BREMNER et al. Page 2

Psychol Med. Author manuscript; available in PMC 2011 December 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Morris et al. 1998; Canli et al. 1999; Hamann et al. 1999; Canli et al. 2000). One study
using pairing of an unconditioned stimulus (electric shock) with a conditioned stimulus
(colored shape on a screen) found an increase in amygdala region activity as measured with
fMRI during acquisition of fear responding to the conditioned stimulus (LaBar et al. 1998).
Another study found increased medial prefrontal and orbitofrontal activation with extinction
to classical conditioned fear in healthy subjects (Hugdahl et al. 1995).

There is some evidence for abnormalities in amygdala function in PTSD. Based on animal
studies, increased startle responses are postulated to represent an increase in amygdala
function. Some studies (but not others) have found abnormalities of the startle response in
patients with PTSD which have been hypothesized to be mediated by the amygdala (Ornitz
& Pynoos, 1989; Ross et al. 1989; Butler et al. 1990; Paige et al. 1990; Shalev et al. 1992;
Morgan et al. 1995). Psychophysiology studies involving measurements of heart rate and
skin conductance as markers of sympathetic function have found increased sympathetic
correlates of exposure to traumatic reminders in PTSD, an effect hypothesized to be related
to increased amygdala function (Blanchard et al. 1986; Pitman et al. 1987, 1990; McFall et
al. 1990; Orr et al. 1993, 1998; Keane et al. 1998; Orr & Roth, 2000; Shalev et al. 2000).
Orr and colleagues (2000) measured responses to fear conditioning using a pairing of
conditioned stimulus (colored circles) with unconditioned stimulus (aversive electric shock)
and found an increase in heart rate, skin conductance, and EMG responses both during
acquisition and extinction of conditioned fear in PTSD patients relative to controls. Peri and
colleagues (2000) paired colored slides with bursts of white noise and found that PTSD
patients had increased heart rate response to fear acquisition (slides plus noise) and
increased heart rate and skin conductance responses to extinction (slides alone) compared
with traumatized non-PTSD and non-traumatized controls. Grillon & Morgan (1999)
compared startle responses in Gulf War veterans with and without PTSD during exposure to
two colored lights either paired or not paired to aversive electric shock. Non-PTSD subjects
developed conditioned responses to the colored light previously paired with the aversive
stimulus while PTSD subjects exhibited conditioned responses to both lights. Startle
increased from sessions 1 to 2 in PTSD and decreased in non-PTSD, suggesting an over-
generalization of fear responses in PTSD. In summary, some studies, but not others, are
consistent with increased startle and enhanced conditioning in PTSD.

Neuroimaging studies have begun to map a neural circuitry of PTSD (Bremner, 1998;
Pitman, 2001). Symptom provocation studies in PTSD patients found decreased prefrontal
(Bremner et al. 1997, 1999a, b; Shin et al. 1997, 1999; Liberzon et al. 1999), parietal,
hippocampal (Bremner et al. 1997 , 1999a), and temporal cortical function (Bremner et al.
1997, 1999a, b), and increased function in posterior cingulate, motor cortex (Bremner et al.
1999a, b), and amygdala (Rauch et al. 2000). Studies to date have not consistently
implicated the amygdala in the neural circuitry of traumatic memories as measured with
functional imaging. One explanation is that triggering of traumatic memories through
techniques such as traumatic scripts represents a different condition than the acquisition of
conditioned fear responses as measured in the laboratory. A prior study using exposure to
masked fearful faces showed increased amygdala activation in PTSD (Rauch et al. 2000).
No published studies to date have used fear conditioning in conjunction with functional
neuroimaging in PTSD. Therefore the purpose of this study was to measure neural correlates
of fear acquisition and extinction in abuse-related PTSD. We hypothesized increased
amygdala function with fear acquisition, and decreased function or failure of activation in
medial prefrontal cortex during fear extinction, in women with abuse-related PTSD
compared with controls.
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METHOD
Study subjects

Nineteen physically healthy women participated in the study. Subjects included women with
a history of severe childhood sexual abuse and the diagnosis of current PTSD (n=8) and
women without childhood abuse or PTSD (n=11). All subjects were recruited through
newspaper advertisement. This study was approved by the Yale University Institutional
Review Board for research in human subjects. Diagnosis of PTSD was established with the
Structured Clinical Interview for DSM-IV (SCID; First et al. 1995). All subjects gave
written informed consent for participation, were free of major medical illness on the basis of
history and physical examination, laboratory 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 medication for the purposes
of participating in the study. Subjects with a serious medical or neurological illness, organic
mental disorders or co-morbid psychotic disorders, retained metal, a history of head trauma,
loss of consciousness, cerebral infectious disease, or dyslexia were excluded. Absence of
psychiatric disorder in the non-PTSD subjects was confirmed with the SCID for Non-
Patients (SCID-NP). Absence of childhood trauma in the controls was confirmed with the
Early Trauma Inventory (ETI) (described below). There was no difference in age between
the women with (mean=38, S.D.=10) and without (mean=36, S.D.=11) PTSD (F=0·33;
df=1, 17; p=0·52).

Psychometric assessments
History of childhood abuse was assessed with the Early Trauma Inventory-Self Report
Version (ETI-SR). The ETI is a 56-item clinician-administered interview that assesses
physical, emotional, and sexual abuse, as well as general traumatic events. The ETI has been
demonstrated to be reliable and valid in the assessment of childhood trauma (Bremner et al.
2000). PTSD subjects had an average score of 71 (34 S.D.) (consistent with a high level of
trauma exposure) while non-PTSD subjects had a score of 22 (18 S.D.) on the ETI-SR.

Women with PTSD had a pattern of co-morbidity similar to prior studies of PTSD from our
group and others. Six out of eight PTSD subjects (75%) fulfilled criteria for a past history of
major depression and two of eight (25%) for current major depression based on the SCID
interview. Two PTSD subjects (25%) had a history of current and lifetime dysthymia. In all
cases the onset of the affective disorder was after the onset of PTSD. One patient (13%)
fulfilled criteria for current and lifetime history of panic disorder with agoraphobia. Two
PTSD subjects (25%) had current and lifetime generalized anxiety disorder, one patient
(13%) had current and lifetime social phobia and one patient (13%) had current and lifetime
simple phobia. One PTSD subject (13%) fulfilled criteria for a past history of alcohol
dependence, one (13%) for a past history of opiate dependence, one (13%) for a past history
of marijuana dependence and two (25%) for a past history of cocaine dependence. No PTSD
subjects had a current history of alcohol or substance abuse or dependence.

Subjects were rated at baseline and during each scanning condition for PTSD symptoms
using the PTSD Symptom Scale, a measure of PTSD symptomatology (Southwick et al.
1993); subjective distress as measured with the Subjective Units of Distress Scale (SUDS)
scale, a validated measure of subjective distress on a scale of 0–100 (Wolpe & Lazarus,
1966); dissociative symptoms using the Clinician Administered Dissociative States Scale
(CADSS), a validated and reliable measure of dissociative state symptomatology (Bremner
et al. 1998); anxiety with the Panic Attack Symptom Scale (PASS), a measure of panic and
anxiety symptom level (Southwick et al. 1993); and analogue ratings of fear as previously
described (Bremner et al. 1997). All PTSD subjects were rated for baseline PTSD symptoms
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with the Clinician Administered PTSD Scale (CAPS; Blake et al. 1995). Mean score on the
CAPS was 68 (25 S.D.).

PET imaging methods
All subjects underwent PET measurement of cerebral blood flow and psychophysiology
measurement of heart rate and skin conductance during habituation, acquisition and
extinction conditions, on a single day, with scanning during a control condition on another
day separated by 1 week from the active condition. Subjects were randomly assigned to
undergo either the active condition or the control condition first (i.e. active-control or
control-active). Subjects were told at the beginning of the study that they would be exposed
to electric shocks and viewing images on a screen during collection of PET and
psychophysiology data. At the beginning of the study electrodes were placed on the left
wrist for application of electric shock. During habituation subjects were exposed to a blue
square on a screen [conditioned stimulus (CS)], 4 s in duration, followed by 6 s of a blank
screen. CS exposure was repeated eight times at regular intervals over 80 s in two separate
blocks separated by 8 min. One PET image of brain blood flow was obtained starting from
the beginning of each of the blocks. During active fear acquisition exposure to the blue
square (CS) was paired with an electric shock to the forearm [unconditioned stimulus (US)].
Electric shock (3·0 mA, 5 ms in duration) was delivered 0·5 s after the onset of the
presentation of the CS by a constant current stimulator (Grass Instruments, CCU1A)
attached to two pure tin disk electrodes placed on the inside of the left wrist. Subjects were
asked if the stimulus was annoying, and if not the stimulus was increased until they
subjectively described it as annoying. Subjects had eight paired CS-US presentations at 10-s
intervals for each of two blocks. With extinction subjects were again exposed to the blue
squares (CS) without shock (‘active’ extinction). On a second day subjects went through the
same procedure with electric shocks delivered randomly when the blue square was not
present (unpaired CS-UCS) (an equal number as on day 1) during scans 3 and 4, which
served as a control for active fear acquisition. The conditioned stimulus was presented for 4
s, followed by a 6-s rest period. This was repeated continuously for an 80-s period. This was
repeated for two blocks of eight CS presentations each. Following this subjects underwent
extinction, where they were exposed to two blocks of presentations of CS without electric
shock; again the CS was presented for 4 s with a 6-s interval between presentations, for a
total of eight CS per block. Extinction blocks following active fear acquisition (paired CS-
US) are referred to as active extinction. Extinction blocks following control fear acquisition
(unpaired CS-US) are referred to as control extinction.

During the study period assessments were also made of psychophysiological parameters
including heart rate and skin conductance. Heart rate was measured continuously every 5 s
using a Polar Vantage heart rate recording device (Woodbury, NY, USA). The Polar
Vantage heart rate recording apparatus was moistened with water to facilitate recording and
strapped around the subject’s chest for direct measurement of heart rate. Heart rate data were
transmitted from the recording device to a Polar Vantage recording device worn as a wrist
watch on the subject’s wrist. Following the study session the data were downloaded to a
personal computer for analysis. Heart rate over 5-s intervals was compared between a
baseline period 10 min before the onset of the session (after the shock electrodes had been
attached) and over 5-s intervals during the period of extinction. Skin conductance (SC) was
also measured continuously during the experiment using Biograph Pro-comp equipment
(Thought Technologies, Montreal, Canada). Data were collected in digital format. SC was
analyzed during the acquisition and extinction phases as the delta of peak SC during
exposure to CS to 1 s before exposure to CS. There were two 80-s extinction sessions with
CS presented eight times in each session.
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PET imaging was performed on a Posicam PET camera (Positron Corp) [in-plane resolution
after filtering, 6 mm full-width half maximum (FWHM)] using methods previously
described (Bremner et al. 1999a). The subject was placed in the scanner with their head held
in a holder to minimize motion and positioned with the cantho-meatal line parallel to an
external laser light. An intravenous line was inserted for administration of [15O]H2O.
Following positioning within the camera gantry, a transmission scan of the head was
obtained using an external 67Ga/68Ge rod source, in order to correct emission data for
attenuation due to overlying bone and soft tissue. Subjects received a 30 mCi intravenous
bolus of H2[15O] for each of the six scans which was administered at the beginning of the
condition. Each scan acquisition lasted 1 min. The onset of the PET scan acquisition was
timed to correspond to the point of maximum rate of increase in uptake of tracer into the
brain. Subjects underwent two scans during habituation, two scans during fear acquisition,
and two scans during fear extinction one day, and a similar protocol with sensitization
substituted for acquisition on another day. Images were reconstructed and analyzed as
previously described (Bremner et al. 1999a). Images were realigned to the first image in the
scanning session using statistical parametric mapping (Friston, 1994). The mean
concentration of radioactivity in each scan was obtained as an area-weighted sum of the
concentration of each slice and adjusted to the nominal value of 50 ml/min per 100 g. The
data were then rescaled and transformed into a common anatomical space (expressed in
three dimensional x-, y- and z-coordinates) for statistical analysis (Talairach & Tournoux,
1988). After transformation, images were smoothed to 16 mm FWHM before statistical
analysis.

Data analysis
Behavioral data were analyzed by repeated measures analysis of variance (ANOVA), with
time as the repeated measure (behavioral condition over time) and factors of diagnosis and
study day. Psychophysiological data within each of the two extinction sessions were
analyzed by repeated measures ANOVA, with time as the repeated measure
(psychophysiological measurement over time) and factors of diagnosis and study day.
Regional cerebral blood flow was compared in subjects with and without PTSD between
active and control conditions (e.g. between fear acquisition and the control condition with
unpaired shock, or between extinction and habituation). Analyses were also performed to
examine the interaction of group by condition (e.g. greater increases with fear acquisition
versus control condition in PTSD versus control subjects, or greater decreases with
extinction versus habituation on the fear acquisition day in PTSD subjects versus control
subjects). Data were analyzed using SPM96 with global blood flow considered as a
confounding covariate with image datasets in which the values assigned to individual voxels
correspond to t statistic. Statistical images were displayed with values of z-score units >2·58
(p<0·005) and clusters of greater than 45 contingent significant voxels. This level of
significance has been shown to maximally decrease the occurrence of type I and II errors in
imaging studies (Reiman et al. 1997). Areas of activation were identified using standard
stereotaxic coordinates based on the atlas of Talairach and Tournoux (Talairach &
Tournoux, 1988). The correlation between globally normalized blood flow in the area of
greatest activation in the hypothesized region of interest (amygdala) and symptoms of
PTSD, dissociation, anxiety, and fear measured as described above were examined using
Pearson correlations with correction for multiple comparisons (p<0·0125). Similar analyses
were performed for medial prefrontal cortex. Correlations were therefore performed between
only two regions in the brain and three behavioral measures.
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RESULTS
Behavioral responses to fear conditioning and extinction

PTSD subjects had increased symptoms of anxiety, fear, dissociation, distress (SUDS) and
PTSD at all time-points during both study days relative to non-PTSD. Repeated measures
ANOVA with time as the repeated factor showed that panic anxiety symptoms measured
with the PASS increased over time (F=3·24; df=6; p=0·055) and were higher at all time-
points in PTSD on both study days (F=7·05; df=2; p=0·003); there was a greater increase in
panic anxiety in PTSD over time within each study day compared with controls (time-by-
diagnosis interaction: F=3·8; df=12; p=0·01) (Fig. 1). Dissociative symptoms were higher at
all time-points on both study days in PTSD as measured by a main effect for diagnosis
(F=4·81; df=2; p=0·02) but no main effects for time or study day. Similarly there was a main
effect for PTSD symptoms as measured by the PTSD Symptom Scale related to PTSD
subjects having higher PTSD symptoms than controls at all time-points (F=7·05; df=2;
p=0·003) but no main effects for time or study day. There were significantly higher levels of
fear in PTSD versus non-PTSD subjects as measured by the fear analogue scale at all time-
points (main effect for diagnosis: F=23·3; df=2; p<0·001) with no main effects for time or
study day. There were significantly higher levels of subjective distress in PTSD versus non-
PTSD subjects as measured by the SUDS at all time-points during the study (main effect for
diagnosis: F=38·6; df=2; p<0·001). SUDS ratings increased in both groups with fear
conditioning (significant main effect for time; F=2·74; df=6; p=0·04), e.g. SUDS ratings in
the non-PTSD subjects went from 0 (0 S.D.) at baseline to 2 (7 S.D.) for active fear
acquisition and 4 (10 S.D.) for active extinction, while in PTSD subjects SUDS ratings went
from 10 (2 S.D.) at baseline to 30 (20 S.D.) with active fear acquisition and 30 (20 S.D.)
with fear extinction. There was no main effect for study day. PTSD patients (but not
controls) had increased anxiety (as measured with the PASS) and PTSD symptoms (as
measured with the PTSD Symptom Scale) at the beginning of the study and throughout the
procedure on study day 1 compared to study day 2.

Skin conductance, blood pressure and heart responses to fear conditioning and extinction
Acquisition of fear was associated with increased skin conductance (SC) responses to CS
exposure during the active versus the control conditions in all subjects for fear acquisition
block 1 (F=7·17; df=3, 25; p=0·012) with no main effects for diagnosis or time (Fig. 2).
There were no significant differences for block 2. When analyzed separately, differences
were seen in block 1 for PTSD (F=5·42; df=1, 11; p=0·04) but not healthy subjects. Post hoc
analyses showed increased SC for PTSD during the first CS-US presentation. Extinction of
fear was associated with increased skin conductance (SC) responses to CS exposure during
the active versus the control conditions in all subjects for extinction session 1 (F=8·43; df=3,
24; p= 0·008) with no main effects for diagnosis or time. There was a less significant
difference between the active and control conditions for extinction session 2 (F=3·04; df=3,
25; p=0·09) with no main effects for time or diagnosis. When PTSD and non-PTSD subjects
were examined separately, SC levels were significantly elevated in non-PTSD subjects
undergoing extinction following the active compared with the control condition during
session 1 (F=14·90; df=1, 14; p=0·0017), with no effect of time (F=1·24; df=1, 14; p=0·30).
Post hoc analyses showed significant differences at time-points 1 and 5 for session 1
(p<0·05). There was no difference in SC in non-PTSD subjects between active and control
conditions for block 2. In PTSD subjects there was not a significant difference in SC
between active and control extinction conditions for PTSD subjects for session 1 (F=3·32;
df=1, 11; p=0·09) or session 2 (F=1·90; df=1, 11; p=0·20) and no main effect for time (Fig.
2). There was no significant increase in heart rate (HR) in the active compared with the
control condition when all subjects were combined for extinction session 1 (F=1·82; df=3,
21; p= 0·19) or extinction session 2 (F=1·67; df=3, 21; p=0·21) and no main effects for
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diagnosis or time for either session. In non-PTSD subjects during extinction session 1,
baseline corrected mean HR during the active condition was 5·5 beats per minute (bpm)
(13·3 S.D.) versus −3·2 bpm (4·3 S.D.) for the control condition (F=3·96; df=1, 10; p=0·07).
In the healthy subjects for extinction session 2 there was no difference between baseline
corrected mean HR during the active condition [5·5 bpm (13·3 S.D.)] compared with the
control condition [−3·3 bpm (4·3 S.D.)] (F=2·72; df=1, 11; p=0·13). In PTSD subjects for
extinction session 1 there was no difference between baseline corrected mean HR during the
active condition [−1·5 bpm (1·9 S.D.)] compared with the control condition [−0·2 bpm (5·9
S.D.)]. Similarly for PTSD subjects for session 2 there was no difference in corrected mean
HR during active [−0·5 bpm (2·7 S.D.)] and control [0·0 bpm (7·0 S.D.)] conditions.

PTSD subjects had an increase in baseline systolic blood pressure (SBP) compared with
non-PTSD subjects [118 (8 S.D.) versus 112 (12 S.D.)] (F=5·38; df=2; p=0·01). The
conditioning procedure resulted in an increase in SBP in the group as a whole (main effect
for time) (F=2·79; df=6; p=0·013) with no main effects for diagnosis or study day; e.g. non-
PTSD went from 112 (12 S.D.) at baseline to 118 (18 S.D.) with fear acquisition block 1 and
119 (12 S.D.) with extinction block 1, while SBP in PTSD went from 118 (8 S.D.) at
baseline to 120 (12 S.D.) fear acquisition block 2 to 120 (8 S.D.) extinction block 1. There
was no difference for diastolic blood pressure. There were no differences in SC response
during fear acquisition or extinction on the active fear acquisition day between non-PTSD or
PTSD subjects who underwent active-control versus control-active study orders (i.e. no
order effects).

Cerebral blood flow response to fear conditioning and extinction
PTSD subjects showed activation of the bilateral amygdala during fear acquisition compared
with the control condition (Table 1). Non-PTSD subjects showed an area of activation in the
region of the left amygdala (Table 2). When PTSD subjects and control subjects were
directly compared, PTSD subjects showed greater activation of the left amygdala during the
fear conditioning condition (pairing of US and CS) relative to the random shock control than
healthy women (Fig. 3, Table 3). Other areas that showed increased activation with fear
acquisition in PTSD included bilateral superior temporal gyrus [Brodmann’s Area (BA) 22],
cerebellum, bilateral inferior frontal gyrus (BA 44, 45) and posterior cingulate (BA 24). Fear
acquisition was associated with decreased function in medial prefrontal cortex, visual
association cortex, and medial temporal cortex, inferior parietal lobule function, and other
areas. Extinction of fear responses was associated with decreased function in the
orbitofrontal and medial prefrontal cortex (including subcallosal gyrus, BA 25, and anterior
cingulate, BA 32), visual association cortex, and other areas, in the PTSD subjects, but not
in the controls (Fig. 4, Table 4).

Relationship between brain and behavioral responses to fear conditioning and extinction
Amygdala blood flow with fear acquisition was negatively correlated with medial prefrontal
blood flow with fear extinction (increased blood flow in amygdala correlated with decreased
blood flow in medial prefrontal cortex) in all subjects (r=−0·48; df=18; p<0·05). Increased
amygdala blood flow with fear acquisition was positively correlated with PTSD (r=0·45),
anxiety (r=0·44) and dissociative (r=0·80) symptom levels in PTSD (but not non-PTSD)
subjects; none of these comparisons was significant after correction for multiple
comparisons. There was a negative correlation between medial prefrontal blood flow during
extinction and anxiety as measured with the PASS during extinction in the PTSD group only
which was significant after correction for multiple comparisons (r=−0·90; df=6; p=0·006).
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DISCUSSION
Acquisition of fear responses during the fear conditioning paradigm resulted in increased
amygdala activation in women with abuse-related PTSD compared with women without
PTSD. Other areas that showed increased activation with fear acquisition in PTSD, and were
increased to a greater degree than in control subjects, included left superior temporal gyrus,
right inferior frontal gyrus, cerebellum and posterior cingulate. Extinction of fear responses
was associated with decreased function in the orbitofrontal and medial prefrontal cortex
(including subcallosal gyrus, BA 25, and anterior cingulate, BA 32), and visual association
cortex, in the PTSD subjects, but not in the controls. Decreased medial prefrontal function
was associated with increased anxiety during extinction in the PTSD subjects only.

These findings are consistent with increased amygdala function during fear acquisition in
PTSD. Interpreted in the context of other functional imaging studies in PTSD, one can
tentatively conclude that in order for increased amygdala function to be observed it is
necessary to utilize the appropriate task. Imaging studies inducing memories of traumatic
reminders and/or PTSD symptoms with scripts, combat-related slides and/or sounds, or
pharmacological challenge have not consistently resulted in increased amygdala activation
in PTSD. These studies all involved enteroceptive or internally generated emotional states
which may or may not actually correspond to classical states of fear. It should be noted that
there are a number of emotional states that characterize PTSD in addition to exaggerated
fear responses to threat. These include symptoms of dissociation, feeling worse with
traumatic reminders, amnesia, and flashbacks, which involve visual imagery of the traumatic
event which plays back in front of the patient’s eyes like a movie. Put more simply, fear
conditioning, although helpful especially as an animal model, does not account for all of the
aspects of the presentation of PTSD. The two studies which involved exteroceptive or
externally generated stress, exposure to masked fearful faces (Rauch et al. 2000) and the
current study involving fear conditioning (electric shock paired with exposure to blue
squares) did demonstrate increased amygdala activation. These findings are consistent with
the hypothesis of Reiman and colleagues (1997) that exteroceptive threatening stimuli
involve amygdala function more than enteroceptive states. Although the current study
requires replication, these studies do suggest that the exaggerated fear response in PTSD can
at least be partially accounted for by increased amygdala function.

Brain areas besides the amygdala that activated during fear acquisition are similar to those
that have been shown to activate in prior studies of PTSD symptom induction using a variety
of tasks. Prior studies of PTSD used a variety of tasks, including script-driven imagery or
exposure to traumatic slides and sounds, or retrieval of emotionally valenced words
(Bremner et al. 2003b), to activate specific memories associated with the traumatic event.
The findings of the current study are congruent with prior studies of PTSD in showing
decreased function in medial prefrontal cortex, visual association cortex, and medial
temporal cortex, alterations in inferior parietal lobule function, and increased function in
posterior cingulate and inferior frontal gyrus. The findings suggest that an interrelated
network of brain regions, all of which happen to be involved in memory function, are
dysfunctional in PTSD.

Extinction of fear resulted in a decrease in blood flow in the medial prefrontal cortex/
anterior cingulate in PTSD. An inability to extinguish fear responses can be considered to be
one of the most elemental aspects of the presentation of PTSD patients. Decreased function
in the medial prefrontal cortex was not seen in the healthy controls; in fact, controls had
increased function in this area with extinction. As reviewed above, medial prefrontal cortex
(including anterior cingulate) (Vogt et al. 1992; Devinsky et al. 1995) consists of several
related areas, including orbitofrontal cortex, anterior cingulate (Area 25 – subcallosal gyrus,
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and Area 32), and anterior prefrontal cortex (Area 9). Inhibitory inputs from the medial
prefrontal cortex to the amygdala are hypothesized to represent the neural circuit that
mediates extinction (Morgan & LeDoux, 1995). Human subjects with lesions of the
prefrontal cortex show dysfunction of normal emotions and an inability to relate in social
situations that require correct interpretation of the emotional expressions of others (Damasio
et al. 1994). These findings, interpreted together with the findings in the current study,
suggest that dysfunction of the medial prefrontal cortex/anterior cingulate in PTSD may
underlie both altered social behavior and a failure of extinction of fear responses.

The psychophysiological findings in the current study are of interest relative to the three
other published studies of psychophysiological responding to classical fear conditioning in
PTSD. We found increased skin conductance responses to the conditioned stimulus during
the extinction phase in the group as a whole; when PTSD and non-PTSD groups were
examined separately, skin conductance responses that were specific to the conditioned
stimulus showed a pattern of greater magnitude in the non-PTSD versus PTSD group. This
finding is consistent with a prior study of Grillon & Morgan (1999) who compared startle
responses at baseline and during aversive conditioning which involved a pairing of colored
lights with and without an aversive electric shock (CS+ and CS−) on two separate days.
During session 1, non-PTSD patients showed increased startle to CS+ compared with CS−
during the conditioning and extinction phase, while PTSD subjects showed increased
responses to both CS+ and CS− during extinction. The authors concluded that PTSD
patients have an over-generalization of fear responses and/or deficits in learning to
discriminate safety signals from threat cues. Orr and co-workers (2000) used a classical fear
conditioning paradigm exposing subjects to a colored circle with (CS+) and without (CS−)
electric shock. PTSD patients had larger skin conductance and heart rate responses to CS+
versus CS− during acquisition compared with controls, and higher skin conductance
responses to CS during extinction, which was seen for both CS+ and CS−. However, PTSD
patients showed a significant differential in SC response between CS+ and CS− during
extinction, while the controls did not. Peri and co-workers (2000) exposed subjects to colors
paired with an aversive burst of white noise (CS+) and colored slides without white noise
(CS−). All subjects showed increased skin conductance responses during acquisition and
extinction of fear. PTSD patients had greater skin conductance responses to CS− during
acquisition and greater responses to both CS+ and CS− during extinction than controls.
PTSD patients had increased heart rate response to CS+ during acquisition and extinction
compared with controls. These data suggest that PTSD patients may be unable to
differentiate threat and safety cues. Future studies are required in this area.

There are several limitations to the current study. PTSD subjects did not clearly show
greater conditioning than non-PTSD subjects based on the psychophysiology data. However,
not all studies have consistently shown increased conditioning in PTSD. The pattern of SC
response to CS in the extinction phase did not show a pattern of decreased response over
time with re-exposure to CS, at least based on mean SC responses to CS. The lack of
statistically significant increases in SC in response to CS in block 2 (but not block 1)
suggests, however, that there were less consistent increases in SC in response to CS over
time during the extinction phase. The intervals between shocks paired with the blue square
were fixed, therefore subjects could have responded to the time interval rather than the blue
square. The limited time-frame of one minute for PET image acquisition, however, limits
the ability to have a variable interval for shock and conditioned stimulus exposure.
Functional MRI would avoid this problem; fMRI also avoids problems related to rapid
habituation of fear response. However, acquisition of psychophysiology information to
verify conditioning is more difficult with fMRI because of interference from the magnet
with the recording. Also, there are artifacts related to the brain–air interface which
complicate the measurement of amygdala activity with fMRI, although improvements in
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technology are addressing these methodological issues. Subjects underwent both scanning
with a paired shock and blue square and unpaired shock and blue square. Therefore when
subjects underwent the second scan day with unpaired blue square and shock they would
associate the blue square with shock. The fear acquisition condition compared paired shock
and blue square with unpaired shock and blue square, while the extinction paradigm
compared exposure to blue square after the paired shock–blue square condition with the
acquisition condition (initial exposure to blue square). This prevents direct comparisons of
the fear acquisition and extinction paradigms. Our study design also confounded ability to
measure conditioned responses during the fear acquisition phase with response to the UCS,
since the UCS onset was soon after the CS onset. Brain imaging studies involving
comparisons of multiple small areas of the brain (voxels, or picture elements from the brain
image) are potentially subject to error related to multiple comparisons. Application of
Bonferroni corrections (dividing 0·05 by the number of comparisons, in this case the number
of voxels) results in a situation where it is not possible to measure differences owing to the
fact that these analyses involve hundreds or even thousands of voxels. This study adopted
the approach of Reiman and colleagues (1997) of using a statistical threshold that they have
shown minimizes the possibility of both Type I and Type II errors. In addition, we selected a
minimum cluster of voxels (size of brain activation) to exclude potentially spurious results.
The current study did not assess sexually abused women without PTSD, so we cannot
comment on whether or not the changes are specific to PTSD. They could have represented
a non-specific response to childhood abuse. The activation paradigm did not involve a
trauma-specific task, so it appears reasonable to use non-traumatized controls as a first step;
however, future studies should compare PTSD women with abused non-PTSD women to
assess whether or not the findings are specific to PTSD. The correlational analyses involved
multiple comparisons with a small population sample; these results are presented as results
of exploratory analyses and require replication. There were high rates of co-morbidity of
PTSD with other psychiatric diagnoses, similar to other studies in PTSD. For example, 25%
had past cocaine abuse, and cocaine dependence has been associated with alterations in
amygdala function. Our PTSD patients, however, had been abstinent from substances for
one or more years.

In summary, the current results are consistent with increased amygdala function with fear
acquisition and decreased medial prefrontal function with extinction in PTSD. These results,
however, require replication.
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Fig. 1.
Anxiety symptoms during fear acquisition and extinction as measured with the Panic Attack
Symptom Scale (PASS) on the day when electric shock was paired with exposure to the blue
square, or conditioned stimulus. Post-traumatic stress disorder (PTSD) patients had elevated
anxiety at baseline, and higher levels of anxiety during both acquisition and extinction of
fear relative to controls as measured with the PASS. ···· ○····, Control (n=11); —■—, PTSD
(n=8).
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Fig. 2.
Baseline-corrected skin conductance (SC) during fear acquisition and extinction in healthy
subjects and subjects with post-traumatic stress disorder (PTSD). For the active fear
acquisition condition subjects were repeatedly exposed (every 10 s) to a paired conditioned
stimulus (CS)–unconditioned stimulus (US) consisting of a blue square (CS) appearing on a
screen for 4 s with an electric shock (US) starting half a second after the blue square first
appeared on the screen. There were two blocks of eight CS–US pairings, each block
associated with one PET scan acquisition of brain blood flow. The numbers on the x-axis
(1–8) refer to the number of the CS presentation (eight in all for each block). The control for
the fear acquisition consisted of an identical procedure except that eight shocks were
delivered randomly, i.e. not paired with the CS presentation. The fear acquisition (either
active or control blocks) were followed by two blocks of extinction, which consisted of
presentation of blue squares for 4 s with a 6-s inter-presentation interval, repeated eight
times. The active and control extinction conditions differed only in whether or not they
followed the active or control fear acquisition conditions. SC levels are corrected for pre-CS
baseline. Asterisks denote times where there were significant elevations in SC in the active
compared with the control condition. The number of CS is listed on the x-axis. SC levels
were higher for the first block of active fear acquisition versus control in all subjects
combined; when the groups were examined separately, increases were only seen in PTSD.
Post hoc analyses showed increased SC for the first CS–US pairing in the first block in the
PTSD group (* p<0·05). Skin conductance levels were significantly elevated for the first
block (but not the second block) in active versus control extinction for PTSD and non-PTSD
combined. Differences were significant for non-PTSD only when groups were examined
separately. Analysis of individual time-points showed elevations in non-PTSD for the first
and fifth presentations of CS in block 1 and the first presentation of CS in block 2.
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Fig. 3.
Statistical parametric map overlaid on an MRI template of areas of significantly greater
increased blood flow with fear acquisition versus control in post-traumatic stress disorder
(PTSD). There was increased blood flow in the amygdala in PTSD. Comparison with non-
PTSD showed greater activation in PTSD. Yellow areas correspond to areas of significant
activation (Z-score >3·09; p<0·001).
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Fig. 4.
Parametric map overlaid on an MRI template of areas of areas of decreased blood flow with
extinction in post-traumatic stress disorder (PTSD). Blue areas correspond to areas of
significant deactivation (Z-score >3·09; p<0·001). There was decreased blood flow in the
medial prefrontal cortex (anterior cingulate, BA 24, 32) in PTSD during extinction relative
to control condition in PTSD, not seen in controls.
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