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Neuroimaging studies of individuals with posttraumatic stress disorder (PTSD) have revealed altered pat-
terns of activity in medial prefrontal brain regions, including the anterior cingulate cortex (ACC), an area
implicated in affect regulation. Selective serotonin reuptake inhibitors (SSRIs) have been shown to effec-
tively treat PTSD symptoms, but there remains a lack of functional neuroimaging research examining the
effects of psychopharmacological treatment on brain function in PTSD. The purpose of this pilot study was
to assess the effects of the SSRI paroxetine on neural responses to traumatic memories in a small sample
of patients with PTSD, as measured with PET imaging; we hypothesized that paroxetine treatment would
be associated with increased regional cerebral blood flow (rCBF) in the medial prefrontal cortex. Thirteen
participants with PTSD were given controlled-release paroxetine (paroxetine CR) or placebo in a random-
ized, double-blind fashion for 12 weeks. Participants underwent brain imaging using positron emission
tomography (PET) before and at the end of treatment in conjunction with exposure to neutral scripts and
personalized trauma scripts. Participants treated with paroxetine CR and placebo both exhibited signifi-
cantly increased rCBF in the ACC during trauma versus neutral script presentations; however, we noted

an increase in function in the orbitofrontal cortex (OFC) in paroxetine-treated (but not placebo-treated)
participants. Participants in both groups showed decreases in overall PTSD symptomatology following
treatment; paroxetine-treated participants showed a slightly greater percentage decrease in symptoms.
These preliminary findings indicate that increased ACC function represents a nonspecific response to
treatment, whereas increased OFC function is specifically associated with paroxetine treatment in PTSD.
These pilot data reveal putative mechanisms for SSRI treatment in PTSD and substantiate the need for

olled
large-scale placebo-contr

osttraumatic Stress Disorder (PTSD) [1] is a debilitating disorder
hat develops in some individuals who have been exposed to psy-
hological trauma. Functional neuroimaging studies have mapped
ut a functional neuro-circuitry of PTSD [3]. Three interconnected
rain regions have consistently shown abnormal patterns of activ-

ty in this disorder [27]: the amygdala, which is involved with
rocessing of emotionally salient stimuli; the medial prefrontal cor-

ex (mPFC, a functionally heterogeneous region that includes the
nterior cingulate cortex, the subcallosal cortex, and the medial
rontal gyrus) which plays a role in modulation of affect; and
he hippocampus, which is involved with memory encoding and
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retrieval. Auditory presentation of personalized trauma narratives
during functional neuroimaging has proven useful in investigating
PTSD-specific abnormalities in neural function (for a review, see
[18]). A common finding in this line of research is reduced mPFC
response to trauma-related versus neutral scripts in individuals
with PTSD [5,9,17,19,25,26].

Selective serotonin reuptake inhibitors (SSRIs), including parox-
etine, have been shown to be effective in the treatment of PTSD
symptoms [20,29]; however, the neural mechanisms of treatment
efficacy in PTSD have not been fully established. A few studies
have provided some insights into these mechanisms. Seedat et al.
[24] treated 11 adults with PTSD (related to different traumatic

events) with citalopram for 8 weeks, conducting SPECT imaging
before and after treatment; the authors found significant corre-
lations between increases in activity in regions of the mPFC and
symptom reductions, as well as decreased left medial temporal
activity with treatment [24]. In a case report study of a war tor-
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Table 1
Demographic and clinical characteristics by treatment group.

Mean (SD) n = 13

Placebo Paroxetine

Age 42.5 (12.3) 37.4 (8.1)
Gender (female) (n = 3) 50% (n = 4) 57%
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Race (n = 2) 33% Caucasian
(n = 4) 67%
African-American

(n = 5) 71% Caucasian
(n = 2) 29%
African-American

Years of education 14.7 (1.8) 15.3 (1.9)

ure victim with PTSD, Fernandez et al. [11] presented war-related
ounds to the patient during PET imaging; this was done both before
nd after 6-month treatment with fluoxetine. The authors found
ncreased regional cerebral blood flow in various frontal regions of
he brain (including the orbitofrontal cortex, prefrontal cortex, and
nferior frontal cortex) during imaging, as well as a 48% decrease in
ymptoms, following fluoxetine treatment [11].

A third treatment study examined changes in brain function
ithin a group of individuals with different anxiety disorders,

ncluding obsessive-compulsive disorder (OCD), PTSD, social pho-
ia, and generalized anxiety disorder, grouped together [10].

nterestingly, this study revealed decreased activity in some medial
rontal regions following treatment; however, given that the
uthors studied a heterogeneous group of anxious participants,
hese findings may have limited applicability to PTSD. Individu-
ls with disorders such as OCD have historically shown increased
etabolism in medial prefrontal brain regions, while individuals
ith PTSD have shown an opposite pattern of activity in the mPFC

13].
In sum, functional neuroimaging studies using script-driven

magery have been useful in identifying atypical patterns of neural
rocessing in PTSD, and SSRIs have proven effective in treating the
linical symptoms of PTSD. However, few studies have combined
hese methods to examine the effects of psychopharmacological
reatment on brain function in PTSD, which would provide valuable
nsights toward understanding neural mechanisms of treatment in
his disorder. Thus, the purpose of this pilot study was to assess
he effects of the SSRI paroxetine on neural responses to traumatic

emories in patients with PTSD through PET imaging; we hypothe-
ized that paroxetine treatment would be associated with increased
unction in medial frontal regions of the brain, and that these asso-
iations would not be found in placebo-treated individuals.

All participants were recruited through fliers and public bul-
etins distributed within the community. This study was approved
y the Investigational Review Board of Emory University, and all
nrolled subjects provided written informed consent. All partici-
ants spoke fluent English and had at least an 8th grade reading
bility. Participants were considered ineligible if they had experi-
nced significant head trauma or loss of consciousness for at least
min, or if they reported significant medical histories, current alco-
ol or substance abuse or psychotic illness as identified by DSM-IV
riteria in the Structured Clinical Interview for DSM-IV (SCID; [12]).
ll participants had been free from psychotropic medication for
t least four weeks prior to data collection. A total of 13 individ-
als met eligibility criteria (7 women, 6 men) and completed all
rocedures for this study. Participant demographics and clinical
haracteristics are described in Table 1. Five participants had been
xposed to more than one traumatic event. The most frequently
eported primary trauma was childhood sexual abuse [17] followed
y adult sexual assault [5], adult physical assault [27], motor vehi-

le accident [3] and combat exposure [1]. A total of 11 participants
85%) met criteria for current major depressive episode.

All enrolled participants were randomized (by an outside
esearcher) to a 12 week double-blind course of treatment with
ontrolled-release paroxetine (paroxetine CR) or placebo, and
ters 491 (2011) 196–201 197

received a baseline PET scan. In this sample, 7 received paroxetine
and 6 received placebo during the double-blind phase. All partici-
pants received toxicology screenings prior to their enrollment in
the study, and women received monthly urine pregnancy tests.
Study medication was started at one capsule (placebo or paroxe-
tine 12.5 mg) per day. The medication was increased by one capsule
(12.5 mg) per study visit, as tolerated by the participant, up to five
capsules a day (i.e., 62.5 mg of paroxetine CR). During medication
adjustment (i.e., from weeks 0 to 8), subjects were seen biweekly by
a study physician (blind to treatment status), who performed side
effect and symptom checks. Patients were asked to return unused
medication as a way to ensure compliance.

Following the double-blind period, participants underwent a
second PET scan while still on study medication. At the end of treat-
ment, subjects were notified of their treatment status, and were
offered several treatment options: being treated with three months
of open label paroxetine; obtaining a referral for continuing treat-
ment by an outside provider; or gradually tapering off medication
while being monitored by a board-certified study physician.

The Clinical Administered PTSD Scale (CAPS) was administered
by a study researcher to evaluate current PTSD symptom sever-
ity at baseline and at the end of double-blind treatment. The CAPS
is a psychometrically sound measure that assesses presence and
severity of PTSD (both lifetime and current PTSD), and can be used
to assess changes in PTSD symptoms with treatment [2]. The CAPS
includes indices measuring re-experiencing, avoidance and numb-
ing, and hyperarousal symptoms.

Participants were presented with neutral and trauma-related
scripts during each of four separate PET scans, completed in a sin-
gle day; these procedures were conducted both before the start of
treatment and on the last day of double-blind treatment. With the
assistance of a study researcher, personalized scripts of traumatic
events were prepared for auditory presentation during PET imaging
using previously described methods [5]. Participants were asked to
provide a written description of their traumatic event (individuals
exposed to multiple events were asked to write about the event that
was the most distressing), which was then separated into two parts.
Each part was 30 s in length, and was recorded in a neutral tone of
voice by a study researcher, to be played back during scanning.

Two different neutral scripts were presented before the trauma
scripts in two separate scans. The instructions for these scripts were
designed to control for the effects of attention, auditory perception,
and comprehension of a verbal narrative. Participants were asked
to attend to two different neutral narratives; before the start of
each narrative, they were asked to count the number of times they
heard the letter “D.” Following the presentation of these scripts,
participants underwent two more scans during which they were
presented with two trauma-related scripts. All scripts were pre-
sented at a uniform auditory level.

PET scanning was conducted according to previously published
procedures [5]. Briefly, participants received instructions for each
script, which was followed by script presentation. As the script
reading began, subjects received a bolus injection of 30 mCi of
[15O]H2O, followed 10 s later by a PET scan acquisition that was
80 s in length. 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. PET imaging was performed with a Siemens
HRRT camera (Siemens, Inc., Knoxville TN), and images were
reconstructed and analyzed on a SunSparc workstation equipped
with Statistical Parametric Mapping software (SPM2). Images were
realigned to the first scan of the study session. The mean concentra-

tion of radioactivity in each scan was obtained as an area-weighted
sum of the concentration of each slice and was adjusted to a
nominal value of 50 ml/min per 100 g. The data underwent trans-
formation into a common anatomical space and were smoothed
with a three-dimensional Gaussian filter to 16-mm FWHM.
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Table 2
CAPS score at baseline and following double-blind treatment.

CAPS score Baseline
Mean (SD)

Following double-blind treatment
Mean (SD)

Placebo Paroxetine Placebo Paroxetine

.14 (5

.57 (8

.14 (4

.86 (8

t
p
S
a
c
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a
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b
a
a
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T
R

Re-experiencing 15.16 (8.23) 24
Avoidance/numbing 18.67 (6.31) 35
Hyperarousal 17.33 (7.39) 25
Total score 51.17 (19.8) 84

Regional blood flow was compared for traumatic minus neu-
ral script conditions; these analyses were performed for pre- and
ost-treatment scans for both paroxetine CR and placebo groups.
tatistical analyses yielded image data sets in which the values
ssigned to individual voxels correspond to the t statistic. Statisti-
al images were displayed with values of Z score units. A threshold
score of 2.67 (p < .005, uncorrected) was used to examine areas of
ctivation within hypothesized areas. Location of areas of activa-
ion was identified as the distance from the anterior commissure
n millimeters, with x, y, and z coordinates; a standard stereotaxic
Talairach) atlas was used [28]. Pre-treatment and post-double-

lind treatment CAPS scores were compared for paroxetine CR-
nd placebo-treated participants through use of repeated measures
nalysis of variance, with time as the repeated measure, to examine
ime by group interactions.

able 3
egions of significant increase in brain function during traumatic minus neutral scripts in

Z score* Voxel number Talairach coordinates

x y

(a) Paroxetine CR
4.53 1001 50 −22
3.53 51 −6
2.77 65 −14
3.96 1545 −55 −12
3.50 −54 −5
3.20 −48 −32
3.73 1078 −2 47
3.63 16 36
3.00 16 45
3.33 149 18 −75
3.21 137 −2 45
3.04 828 −22 −81
3.02 −8 −74
2.93 −4 −73
3.03 212 −38 5
2.94 −34 11
2.81 115 24 9
2.73 20 −4 −92
2.69 87 46 −44

(b) Placebo
4.16 417 48 38
3.01 48 16
2.77 50 22
3.71 563 −42 34
3.62 −50 28
3.53 −54 34
3.66 840 16 30
3.34 6 34
3.33 −14 38
3.59 133 0 −40
2.81 8 −30
3.32 99 −30 −80
3.30 −32 −72
2.63 −26 −68
3.27 112 6 −26
3.25 56 22 −50
3.21 103 −12 −84
2.71 −10 −96

* Z score > 2.68, p < .005.
.79) 2.5 (4.81) 7.57 (8.1)

.34) 8.83 (8.2) 8.86 (11.58)

.49) 8.83 (6.55) 9.86 (11.05)

.15) 20.17 (20.17) 26.29 (26.29)

Either treatment resulted in a significant improvement in PTSD
symptoms (see Table 2; F1,11 = 36.3, p < .001). Treatment with
paroxetine resulted in a 69% reduction in CAPS score (Cohen’s
d = 3) versus a 61% reduction in CAPS score (Cohen’s d = 1.55), a
difference that was not statistically significant (i.e. no significant
treatment group by time interaction; F1,11 = 3.4, p = .091). There
were also no significant treatment group by time interactions in
CAPS subscales, including re-experiencing symptoms (F1,11 = .85,
p > .05), avoidance and numbing symptoms (F1,11 = 4.6, p = .055), or
hyperarousal symptoms (F1,11 = 1.65, p < .05).

Individuals treated with paroxetine CR demonstrated increased

blood flow in response to traumatic scripts in the orbitofrontal
cortex, superior temporal gyrus, inferior frontal gyrus, anterior
cingulate, paracentral lobe, cerebellum, and occipital cortex (see
Table 3(a) and Fig. 1). Placebo treatment was associated with

participants treated with (a) paroxetine CR and (b) placebo.

Brain region Brodman’s area

z

21 R. Postcentral gyrus 40
4 R. Superior temporal gyrus 22

34 R. Precentral gyrus 6
30 L. Precentral gyrus 6
11 L. Precentral gyrus 6
24 L. Postcentral gyrus 40

−28 L. Orbitofrontal cortex 11
−11 R. Anterior cingulate 32
−28 R. Orbitofrontal cortex 11

11 R. Visual cortex 17
1 L. Anterior cingulate 32

−29 L. Cerebellum
−42 L. Cerebellum
−13 L. Cerebellum
−11 L. Superior temporal gyrus 38
−15 L. Inferior frontal gyrus 47
−14 R. Inferior frontal gyrus 38

29 L. Visual associative cortex 19
−33 R. Cerebellum

−16 R. Middle frontal gyrus 11
−34 R. Superior temporal gyrus 38
−24 R. Superior temporal gyrus 38
−20 L. Middle frontal gyrus 11
−8 L. Inferior frontal gyrus
−2 L. Inferior frontal gyrus

−24 R. Inferior/middle frontal gyrus 47
−2 R. Anterior cingulate

4 L. Anterior cingulate
84 Paracentral lobule 7
86 Paracentral lobule 7
52 L. Superior parietal lobule 7
56 L. Superior parietal lobule 7
62 L. Superior parietal lobule 7
50 Paracentral lobule 6
78 R. Superior parietal lobule 7
52 Precuneus 7
30 L. Occipital cortex 19
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ig. 1. Statistical parametric map (below) overlaid on a MRI template (above) show-
ng areas of increased brain blood flow to traumatic scripts in participants treated

ith paroxetine.

ncreased blood flow in response to traumatic scripts in the right
uperior temporal gyrus, left inferior frontal gyrus, anterior cingu-
ate, paracentral lobule, and left occipital cortex (see Table 3(b) and
ig. 2).

In this sample of individuals with PTSD, treatment with either
lacebo or paroxetine was associated with increased function in
region of the mPFC (the ACC) in response to traumatic scripts.
owever, paroxetine was associated with an additional increase

n function in the OFC. Although paroxetine treatment was associ-
ted with a pattern of greater treatment response, this pattern was
ot statistically significant in comparison with the placebo-treated
roup.

Our findings suggest that treatment with either placebo or
aroxetine is associated with increased function within a brain
egion implicated in the pathophysiology of PTSD, namely, the
nterior cingulate cortex (ACC) region within the mPFC. The ACC

as connections to limbic areas that mediate threat response, and

s hypothesized to play a role in extinguishing exaggerated fear
esponses that are characteristic of PTSD [21]. A number of symp-
om provocation studies have either shown attenuated or no ACC
ctivation in PTSD patients during presentation of trauma stim-
Fig. 2. Statistical parametric map (below) overlaid on a MRI template (above) show-
ing areas of increased brain blood flow to traumatic scripts in participants treated
with placebo.

uli [5,6,9,16,22,25] implying that ACC hypoactivation may be a
biological marker of this disorder. Our study findings indicate
that both placebo or paroxetine CR treatments were associated
with increased neural activity in the ACC region of the mPFC;
given that some recent placebo-controlled antidepressant stud-
ies have observed rather high treatment responses to placebo
[14], it is possible that the increased ACC function found in both
groups represents a non-specific response to treatment in gen-
eral, and potentially improved ability to inhibit a fear-driven
response.

However, increased function in another mPFC region, the OFC,
was specifically found in paroxetine-treated individuals in this
study. The OFC plays a role in emotion regulation and is part of a net-
work of brain regions that have been implicated in PTSD. Several
neuroimaging studies have shown altered OFC function in PTSD;
although some of these studies showed increased OFC response to

trauma-related scripts in patients with PTSD [22,25], a larger num-
ber of studies showed decreased response during presentation of
traumatic scripts [5], trauma-related word recall [7], and memory
tasks [26]. Decreased neural activation in the OFC has also been
found in patients with borderline personality disorder (many of
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hom had comorbid PTSD) during script-driven imagery, as com-
ared to non-psychiatric controls [15,23] decreased OFC function
as also been found in patients with major depressive disorder,
hich is frequently comorbid with PTSD [4,8].

The increase in OFC function to trauma scripts observed in
aroxetine-treated individuals in this study is consistent with the
ndings of a previous case report study [11], and provides some
reliminary evidence for specificity of SSRI treatment effects in
TSD. Whereas a majority of our participants experienced improve-
ents in PTSD symptoms regardless of which treatment they

eceived, paroxetine-treated participants demonstrated a greater
eduction in PTSD symptoms than those treated with placebo. Our
ndings present the possibility that successful SSRI treatment of
osttraumatic symptoms is mediated by orbitofrontal mechanisms,
hypothesis that warrants investigation in large-scale studies with
similar research design.

To our knowledge, this is the first empirical study to examine
hanges in brain function during script-driven imagery in partici-
ants with PTSD treated with an SSRI. Overall, there is a profound

ack of studies examining functional brain changes in individuals
ith PTSD treated with SSRIs. One study found increased function

n frontal cortical regions in PTSD patients after treatment with
italopram [24] while a case report of fluoxetine treatment in a
TSD patient showed similar results [11]. A third study of a mixed
roup of anxious individuals revealed decreased activity in the ACC
n response to citalopram treatment [10]. The evidence from our
ilot study suggests that short-term treatment with paroxetine is
elated to increased neural activation in the OFC, a region of the
rain that has shown altered function in neuroimaging studies of
TSD. These findings have implications for the mechanisms of SSRI
reatment in individuals with post-traumatic psychopathology;
SRIs, such as paroxetine, may act more specifically on orbitofrontal
ircuits, which serve to modulate exaggerated emotional responses
hat are typical in PTSD.

Several limitations of this study must also be noted. First, as
ith most pilot studies, the small sample size of this study limits

he generalizability of our findings, as well as our ability to detect
ore subtle changes in other brain regions following treatment. A

arger sample would also confer the necessary statistical power to
xamine differences in brain activation in participants who were
ore responsive to treatment versus those who were less respon-

ive, and distress rating data following script presentation would
e useful to measure variability in subjective response to scripts.
ikewise, it is possible that increased power would have allowed
s to observe larger differences in treatment response through
linical measures such as the CAPS. Further, as with most stud-
es of PTSD, many individuals in this sample of participants had
o-morbid depression, and some participants experienced mul-
iple traumas; thus, comorbidity profiles and unique effects of
rauma are potential confounding factors. Overall, further random-
zed, placebo-controlled neuroimaging studies with larger sample
izes and longer treatment durations are warranted to compare
reatment-related effects between groups with greater statistical
igor.

In sum, we found that both placebo and paroxetine CR treat-
ents were associated with increased rCBF in the ACC, a brain

egion that has previously shown altered function in PTSD. How-
ver, only paroxetine-treated participants showed increased OFC
unction, consistent with one earlier report [11]. Clinical implica-
ions of these findings are that treatment response is associated
ith functional changes in a brain region that mediates extinc-
ion of fear responses, and that paroxetine may additionally affect
nother brain area implicated in emotional regulation. Future ran-
omized, placebo-controlled studies with large sample sizes are
arranted in order to assess the generalizability of these effects

nd to further assess their clinical significance.
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