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Positron Emission Tomography Study of Memories of
hildhood Abuse in Borderline Personality Disorder

hristian G. Schmahl, Eric Vermetten, Bernet M. Elzinga, and J. Douglas Bremner

ackground: Borderline personality disorder (BPD) is a common psychiatric disorder, which is linked to early stressors in many
ases; however, the impact of traumatic events in the etiology of BPD is still unclear. This pilot study was conducted to measure the
eural correlates of recall of traumatic memories in women with and without BPD.
ethods: Twenty women with a history of childhood physical or sexual abuse underwent measurement of brain blood flow with

ositron emission tomography imaging while they listened to scripts describing neutral and personal traumatic abuse events. Brain
lood flow during exposure to trauma and neutral scripts was compared between women with and without BPD.
esults: Memories of trauma were associated with increases in blood flow in right dorsolateral prefrontal cortex (Brodmann’s area

BA] 44 and 45) and with decreased blood flow in left dorsolateral prefrontal cortex (BA 44 and 45) in women without BPD. There
as also increased blood flow in right anterior cingulate (BA 24) and left orbitofrontal cortex (BA 11) in women without BPD. Women
ith BPD failed to activate anterior cingulate gyrus and orbitofrontal cortex. Also, no blood flow changes were seen in dorsolateral
refrontal gyrus in women with BPD.
onclusions: Dysfunction of dorsolateral and medial prefrontal cortex, including anterior cingulate, seems to be correlated with the
ecall of traumatic memories in women with BPD. These brain areas might mediate trauma-related symptoms, such as dissociation
r affective instability, in patients with BPD.
ey Words: Borderline personality disorder, early life stress, child-
ood abuse, traumatic memories, cerebral blood flow

orderline personality disorder (BPD) is a highly prevalent
condition that affects approximately 1.3% of the popula-
tion (Torgersen et al 2001). Although a number of studies

ave looked at psychosocial factors related to the disorder, little
s known about the biology of BPD. One of the most important
sychosocial factors involved in the development of BPD is
hildhood sexual and/or physical abuse (Zanarini 1997). In five
ontrolled studies of BPD (Herman et al 1989; Links et al 1988;
gata et al 1990; Westen et al 1990; Zanarini et al 1989)
revalence of childhood physical abuse ranges between 29% and
1%. Sexual abuse in childhood was experienced by 52%
Westen et al 1990) to 71% (Ogata et al 1990) of BPD patients—
ignificantly more than by control subjects. Given these numbers
nd the frequent trauma-related symptoms in borderline patients,
uch as dissociative phenomena, BPD has been suggested to be
art of a spectrum of trauma-associated disorders (Bremner
002).

Recently, neurobiological studies have begun searching for
ommon or overlapping features between different trauma-
pectrum disorders. Volumetric studies have found evidence for
reduction in hippocampus and amygdala volume in patients
ith BPD and early abuse (Driessen et al 2000; Tebartz van Elst
t al 2003) that parallel findings of reduced volumes of these
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regions in patients with posttraumatic stress disorder (PTSD). We
also found a 21.9% smaller mean amygdala volume and a 13.1%
smaller hippocampal volume in patients with BPD and early
trauma compared with control subjects (Schmahl et al 2003b).
These studies suggest that BPD with early abuse, similar to PTSD
with early abuse, is associated with smaller hippocampal vol-
ume. Studies to date suggest that abuse without any psychiatric
disorder is not associated with hippocampal volume reduction
(Gurvits et al 1996; Bremner et al, unpublished data), whereas
abuse with a variety of psychiatric disorders, including PTSD
(Bremner et al 1997; Stein et al 1997), depression (Vythilingam et
al 2002), and BPD are associated with volume reduction.

Neuroimaging studies in PTSD after childhood abuse have
demonstrated abnormalities in prefrontal brain areas. Shin et al
(1999) found greater increases in orbitofrontal cortex and greater
decreases in anterior prefrontal cortex in patients with PTSD as
compared with control subjects. A positron emission tomogra-
phy (PET) study of abuse-related memories in women with a
history of childhood sexual abuse revealed greater increases in
blood flow in the dorsolateral prefrontal cortex (Brodmann’s
areas [BA] 6 and 9), posterior cingulate (BA 31), and motor
cortex, as well as a failure of activation in anterior cingulate (BA
32) in women with PTSD compared with women without PTSD
(Bremner et al 1999a). Using the method of script-driven symp-
tom provocation in conjunction with functional magnetic reso-
nance imaging, Lanius et al (2001, 2003) found decreased
function in medial prefrontal cortex, anterior cingulate, and
thalamus in patients with PTSD.

Functional neuroimaging studies of BPD patients have been
limited, and findings have not been consistent. De la Fuente et al
(1997), using [18 F]fluorodeoxyglucose (FDG)-PET, found de-
creased metabolism in premotor and prefrontal areas and in
anterior cingulate cortex in BPD patients as compared with
control subjects. In contrast, Juengling et al (2003) found in-
creased baseline metabolism in anterior cingulate and dorsolat-
eral prefrontal cortex in BPD patients also measured with
FDG-PET. We measured brain blood flow in response to scripts
describing situations of abandonment in women with and with-
out BPD (Schmahl et al 2003a). Memories of abandonment were
associated with greater increases in blood flow in bilateral
BIOL PSYCHIATRY 2004;55:759–765
© 2004 Society of Biological Psychiatry
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orsolateral prefrontal cortex (middle frontal gyrus, BA 9 and 10)
nd right cuneus (BA 19) in women with BPD than in women
ithout BPD. Abandonment memories were associated with
reater decreases in right anterior cingulate (BA 24 and 32) in
omen with BPD than in women without BPD. A larger decrease

n blood flow in women with BPD was also seen in left temporal
ortex and left visual association cortex.

Because we were interested in the impact of trauma and
rauma-related memories in borderline personality disorder, the
resent study was conducted with PET in the examination of
eural correlates of trauma memories in patients with BPD. On
he basis of the findings described above for abuse-related PTSD,
e hypothesized that exposure to traumatic scripts would result

n a failure of activation in anterior cingulate and in alterations in
lood flow in dorsolateral prefrontal cortex in women with BPD
elative to control subjects.

ethods and Materials

ubjects
The study was approved by the Human Investigation Com-

ittee of Yale University and the Human Studies Subcommittee

able 1. Comorbid Psychiatric Disorders and Psychotropic Medication for

SCID Current Diagnoses

ontrol Subjects
1 Panic disorder with agoraphobia MDD, canna

agorapho
2 None MDD, anore
3 None None
4 None MDD
5 None MDD, alcoh

bulimia n
6 None PTSD, MDD
7 None None
8 None None
9 Social phobia PTSD, social

10 None PTSD
PD Patients

1 PTSD, MDD PTSD, MDD
2 None Cannabis de
3 PTSD, MDD, panic disorder with

agoraphobia
PTSD, MDD,

4 Dysthymic disorder, generalized
anxiety disorder, panic disorder
without agoraphobia, bulimia
nervosa

PTSD, dysth
disorder w

5 PTSD, bipolar I disorder mixed
episode, bulimia nervosa

PTSD, bipol
depende

6 MDD, body dismorphic disorder,
bulimia nervosa

MDD, body
depende

7 None Bipolar I dis
8 PTSD, panic disorder with

agoraphobia, social phobia,
obsessive compulsive disorder

PTSD, bipol
social pho
depende

9 PTSD, panic disorder with
agoraphobia, dysthymic disorder,
social phobia

PTSD, MDD,
agorapho
depende

10 Bipolar I disorder depressed episode Bipolar I dis

SCID, Structured Clinical Interview for DSM-IV; MDD, major depressive d
aPast and/or current.
ww.elsevier.com/locate/biopsych
of the U.S. Department of Veterans Affairs (VA) Connecticut
Healthcare System. Twenty women with a history of sexual or
physical abuse participated in the study. Subjects included
women with (n � 10) and without (n � 10) BPD. The same
subjects participated in our PET study of neural correlates of
abandonment; data from that study have been previously re-
ported (Schmahl et al 2003a).

All subjects were recruited through newspaper and flyer
advertisements. Axis I diagnoses were assessed by a trained
psychiatrist and psychologist (CGS and BME) using the Struc-
tured Clinical Interview for DSM-IV Axis I disorders (Spitzer et al
1995). Axis II diagnoses were assessed with the Diagnostic
Interview for Personality Disorders (Zanarini et al 1996). All
subjects gave written, informed consent for participation, were
free of major medical illness (on the basis of history, physical
examination, and laboratory testing), and were not actively
abusing substances or alcohol (in the past 3 months). Eight of the
control participants were free of psychotropic medication; eight
of the 10 BPD subjects were taking antidepressant or neuroleptic
medication, and two were medication free; no subject was taking
benzodiazepine medication. Table 1 lists psychotropic medica-

ticipants

SCID Lifetime Diagnosesa Psychotropic Medication

ependence, panic disorder with None

rvosa, bulimia nervosa None
None
None

endence, polysubstance dependence,
a

Sertraline, risperidone,
disulfiram, bupropion

None
None
None

ia, panic disorder without agoraphobia None
Paroxetine

Citalopram
ence, opioid dependence Paroxetine, olanzapine
disorder with agoraphobia Paroxetine, divalproex

sodium,
chlorpromazine

disorder, generalized anxiety disorder, panic
ut agoraphobia, bulimia nervosa

Paroxetine

sorder, bulimia nervosa, alcohol
ocain abuse

Bupropion, divalproex
sodium

rphic disorder, bulimia nervosa, alcohol None

, alcohol abuse, polysubstance dependence Gabapentine, olarizapine
sorder, panic disorder with agoraphobia,

bsessive compulsive disorder, alcohol
annabis dependence

None

ymic disorder, panic disorder with
ocial phobia, alcohol dependence, cocaine

Quetiapine, venlafaxine

, amphetamine abuse Bupropion, divalproex
sodium

er; PTSD, posttraumatic stress disorder.
all Par
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ion and comorbid current and lifetime diagnoses of psychiatric
isorders for all participants.

Subjects with a serious medical or neurologic illness, organic
ental disorder or comorbid psychotic disorders, retained metal,
r a history of head trauma, loss of consciousness, cerebral
nfectious disease, or dyslexia were excluded. There were no
ignificant differences in age between the BPD (mean � 30
ears) and control subjects (mean � 33 years). All BPD partici-
ants and 9 out of 10 control participants were right-handed.

History of childhood abuse was assessed with the Early
rauma Inventory, self-report version (ETI). The ETI is an

nterview assessing physical, emotional, and sexual abuse, as
ell as general traumatic events. The clinician-administered
ersion of the ETI has been demonstrated to be reliable and valid
n the assessment of childhood trauma (Bremner et al 2000) and
he self-report ETI has been validated against the clinician-
dministered ETI; however, retrospective self-reports of abuse
ave to be judged with the usual caveats. Mean ETI score in the
PD group was 73.8; mean ETI score in the control group was
1.3 (ns).

rocedure
The procedure has been described in detail elsewhere

Schmahl et al 2003a). In brief, two personalized scripts of
ituations of childhood sexual or physical abuse were prepared,
ach 1 min in length, which were later read aloud to the subject
uring the scanning session by a research assistant who was
lind to the diagnostic status of the subject. Each subject
nderwent four scans on a single day during readings of neutral
nd trauma scripts. First, subjects underwent two scans while
istening to two different nonpersonalized neutral narratives,
hich were identical for all participants, preceded by instruc-

ions to listen carefully and form an image in their mind. Then
ubjects underwent two scans, during which they listened to two
ersonalized scripts of their own traumatic event. Between these
wo types of scripts, two scripts of situations of abandonment
ere read to the subjects (data reported elsewhere [Schmahl et al
003a]). At the same time as the beginning of the script reading,
ubjects received a bolus of 30 mCi of [15O]H2O, followed 10 sec
ater by a PET scan acquisition that was 80 sec in length.

mage Analysis
Images were reconstructed and analyzed on a Sun Sparc

orkstation (Sun Microsystems, Santa Clara, California) through
se of statistical parametric mapping (SPM96; www.fil.ion.
cl.ac.uk/spm/spm96.html). Images for each patient set were
ealigned to the first scan of the study session. The mean
oncentration of radioactivity in each scan was obtained as an
rea-weighted sum of the concentration of each slice and was
djusted to a nominal value of 50 mL/min per 100 g. The data
nderwent transformation into a common anatomic space
SPM96 template) and were smoothed with a three-dimensional
aussian filter to 16-mm full width at half maximum. Regional
lood flow, with global blood flow as a covariate, was compared
etween trauma and neutral script conditions for the women
ith and without BPD. The interaction between group (BPD vs.
on-BPD) and condition (trauma vs. neutral scripts) was also
xamined. Statistical analyses yielded image data sets in which
he values assigned to individual voxels correspond to the t
tatistics (Friston et al 1991). Statistical images were displayed
ith values of Z score units. A threshold Z score of 2.58 (p �

005, uncorrected for multiple comparisons) was used to exam-
ne areas of activation within hypothesized areas (medial pre-
frontal cortex, dorsolateral prefrontal cortex). A threshold Z score
of 2.58 has been demonstrated by Reiman et al (1997) to be
associated with a low rate of false-positive activations and to
constitute the most optimal trade-off between type I and type II
statistical errors. We also used a minimum cluster size of 30
voxels in an effort to control for type I errors. A Z score of 2.33
(p � .01, uncorrected for multiple comparisons) was used for
comparison of groups. Because our hypotheses were based on
findings in abuse-related PTSD, we performed analyses of acti-
vation patterns on a whole-brain basis for exploratory purposes
to generate hypotheses for future studies in BPD. Location of
areas of activation was identified as the distance from the anterior
commissure in millimeters, with x, y, and z coordinates; a
standard stereotaxic atlas was used to identify regions of activa-
tion (Talairach and Tournoux 1988).

Results

Deactivation in right precuneus (BA 7) and right caudate with
recall of traumatic memories was nonspecifically seen both in
women with and in women without BPD. In the control group
and in the BPD group we found several regions of activation and
deactivation in the cerebellum (Tables 2 and 3).

Exposure to scripts of trauma situations resulted in increased
blood flow in right anterior cingulate (BA 24), right dorsolateral

Figure 1. Statistical parametric map overlaid on a magnetic resonance
image template, showing areas of significant increase in women without
borderline personality disorder (Z score � 2.58, p � .005).

Figure 2. Statistical parametric map overlaid on a magnetic resonance
image template, showing areas of significant decrease in women without
borderline personality disorder (Z score � 2.58, p � .005).
www.elsevier.com/locate/biopsych
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refrontal cortex (inferior frontal gyrus, BA 44 and 45), and bilateral
rbitofrontal cortex (BA 11) in women without BPD (Table 2;
igure 1) but not in women with BPD (Table 3). Deactivation
as seen in right fusiform gyrus (BA 36 and 37), left medial

rontal gyrus (BA 9), right posterior cingulate (BA 31), and left
orsolateral prefrontal cortex (inferior frontal gyrus, BA 44 and
5) in the control group (Table 2; Figure 2). Again, these regions
ould not be shown to be deactivated in the BPD group (Table
).

Patients with BPD had increased blood flow in left medial
refrontal gyrus (BA 6) and right fusiform gyrus (BA 19; Figure 3).
ecreased blood flow was found in left orbitofrontal cortex (medial

rontal gyrus, BA 10; superior frontal gyrus, BA 11) and in the right
ippocampal region (BA 24) in BPD patients (Table 3; Figure 4).

Direct comparison of activation between women with and
ithout BPD (Table 4) showed that the pattern of deactivation in

ight anterior cingulate was greater in the BPD group, which is
wing to the failure of activation in this region in the BPD
atients as compared with control subjects. Also, greater de-
reases in blood flow were found in orbitofrontal cortex bilater-
lly. Again, this is owing to a failure of activation in right
rbitofrontal cortex and to decreased blood flow in left orbito-
rontal cortex in patients with BPD.

iscussion

Recall of traumatic memories was associated with increases in
lood flow in right dorsolateral prefrontal cortex and decreased

igure 3. Statistical parametric map overlaid on a magnetic resonance
mage template, showing areas of significant increase in women with bor-
erline personality disorder (Z score � 2.58, p � .005).

igure 4. Statistical parametric map overlaid on a magnetic resonance
mage template, showing areas of significant decrease in women with bor-
erline personality disorder (Z score � 2.58, p � .005).
ww.elsevier.com/locate/biopsych
blood flow in left dorsolateral prefrontal gyrus in women without
BPD. There was also increased blood flow in right anterior
cingulate and orbitofrontal cortex bilaterally in women without
BPD. Women with BPD failed to activate anterior cingulate gyrus
and orbitofrontal cortex. This failure of activation resulted in a
relative decrease in the BPD group as compared with control
subjects (Table 4). Also, no blood flow changes were seen in
dorsolateral prefrontal gyrus in women with BPD.

A number of PET studies have implicated medial prefrontal

Table 2. Brain Areas of Increased and Decreased Blood Flow during
Evoked Traumatic Memories in 10 Women Without Borderline Personality
Disorder

Z Scorea

Talairach
Coordinates

Brodmann’s
Area Brain Regionx y z

Increased Blood flow
5.03b 14 30 20 24 Right anterior cingulate
4.58b �38 �84 24 19 Left occipital lobe
3.91 �16 �50 44 7 Left precuneus
3.90 �22 �50 22
4.57b 60 32 6 45 Right inferior frontal gyrus
4.24 60 18 �4
3.64 62 20 26 44, 45 Right inferior frontal gyrus
4.56b �22 30 12 Left frontal lobe
3.85 �24 30 �16 11 Left orbitofrontal
3.75 �16 18 �28 11 Left orbitofrontal
4.34b 28 40 �20 11 Right orbitofrontal
4.11b 18 �92 �36 Cerebellum
3.86 40 �90 �24 Cerebellum
3.31 50 �78 �34 Cerebellum
3.85b 34 �50 28 Right parietal lobe
3.60 32 �36 30 Right parietal lobe
3.23 42 �28 28 Right parietal lobe
3.55b �52 �20 �8 21 Left middle temporal

gyrus
3.51b �68 �22 28 2 Left postcentral gyrus
3.13 �70 �28 22 40 Left inferior parietal lobe
2.94 �68 �12 18 2, 43 Left postcentral gyrus

Decreased Blood Flow
4.63b 34 �34 �16 36, 37 Right fusiform gyrus
4.48 50 �44 �22 37 Right fusiform gyrus
4.46 34 �48 �38 Cerebellum
4.53b �2 48 38 9 Left medial frontal gyrus
4.36 12 14 4 Right caudate
4.13 �4 32 54 8 Left superior frontal gyrus
4.16b 10 �54 30 31 Right posterior cingulate
3.34 6 �42 44 31 Right posterior cingulate
2.91 12 �70 42 7 Right precuneus
4.15b 40 �86 20 19 Right occipital lobe
3.66 40 �88 8 18 Right occipital lobe
4.15b 56 �62 44 40 Right inferior parietal lobe
3.97b �6 �28 �50
3.94b �54 24 10 45 Left inferior frontal gyrus
3.72 �44 40 0 44 Left inferior frontal gyrus
2.87 �42 10 4 Left insula
3.93b �50 �60 14 37, 39 Left middle temporal

gyrus
3.60 �48 �34 26 40 Left inferior parietal lobe
3.55b 42 �4 26 Right frontal lobe

aZ score � 2.58, p � .005.
bPrimary activation voxels in a cluster. Voxels below indicate other acti-

vation within the cluster.
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ortex, including anterior cingulate, in trauma-related memories
Bremner et al 1999a, 1999b; Liberzon et al 1999; Rauch et al
996; Shin et al 1997, 1999). Prior studies in healthy subjects also
evealed an involvement of this area in stress and emotion
Benkelfat et al 1995; George et al 1995; Lane et al 1997; Reiman
t al 1997), and this area has been implicated in the regulation of
he peripheral glucocorticoid and sympathetic response to stress
Devinsky et al 1995; Sesack et al 1989; Vogt et al 1992). Medial
refrontal cortex also has inhibitory connections to the amygdala
Carmichael and Price 1994, 1995; Devinsky et al 1995; Sesack et
l 1989; Vogt et al 1992) that play a role in extinction of fear
esponding (Morgan et al 1995). Moreover, medial prefrontal
ortex neurons could also be shown to store long-term extinction
emory (Milad and Quirk 2002). Failure of activation in anterior

ingulate, as found in the present study, is in good agreement
ith studies in patients with PTSD challenged by traumatic

cripts (Bremner et al 1999a; Lanius et al 2001, 2003) and our own

able 3. Brain Areas of Increased and Decreased Blood Flow during
voked Trauma Memories in 10 Women with Borderline Personality
isorder

Scorea

Talairach
Coordinates

Brodmann’s
Area Brain Regionx y z

ncreased Blood Flow
3.36b �58 �30 54 40 Left Inferior parietal lobe
3.31b �44 �8 18 43
2.71 �56 �20 24 2 Left gyrus postcentralis
3.30b �54 �58 44 40 Left Inferior parietal lobe
3.18b 34 �34 12 41 Right temporal lobe
3.06b �14 �18 48 6 Left medial frontal gyrus
3.00b 70 �28 14 22 Right superior temporal gyrus
2.96 64 �24 20 40 Right gyrus postcentralis
2.85b 46 �62 �10 19 Right fusiform gyrus
2.84b 60 12 30 9 Right inferior frontal gyrus
2.75b 58 �6 52 6
2.72b 14 �22 22
2.54b 16 12 44 6 Right superior frontal gyrus
2.53b 50 46 16 Right inferior frontal gyrus

ecreased Blood Flow
4.09b �20 �68 �48 Cerebellum
3.66 �2 �76 �44 Cerebellum
3.92b 28 10 �42 38 Right middle temporal gyrus
2.54 46 18 �34 38 Right superior temporal gyrus
3.62b 20 �54 34 7 Right precuneus
3.41 24 �74 36 7, 19
3.10 26 �86 34 19 Right superior occipital gyrus
3.55b 0 64 �2 10 Medial frontal gyrus
3.38 �10 60 �18 11 Left superior frontal gyrus/

orbitofrontal
3.48b 52 �72 20 39 Right middle temporal gyrus
3.35b �40 �46 �50 Cerebellum
3.34b 24 �18 �10 Right hippocampal region
3.14 44 �26 �28 20 Right frontal gyrus
2.97 60 �22 �32 20 Right frontal gyrus
3.03b 18 �14 �38
3.02b �14 �32 �20 Cerebellum
3.02b �34 �74 30 19
2.98b 18 �38 �50 Cerebellum
2.56 0 �36 �50 Cerebellum

aZ score � 2.58, p � .05.
bPrimary activation voxels in a cluster. Voxels below indicate other acti-

ation within the cluster.
study in patients with BPD, which revealed greater decrease in
blood flow in right anterior cingulate in response to abandonment
scripts. Dysfunction of medial prefrontal cortex might represent a
neural correlate of the generation of pathologic emotion in BPD,
including an inability to shut off negative emotions. In an FDG-PET
study, we found elevated baseline metabolism in patients with BPD
as compared with control subjects (Juengling et al 2003). It might
be speculated that BPD patients have elevated resting function in
the anterior cingulate, with a failure in the normal cingulate
response to emotional stimuli.

In contrast to our previous findings of activation in dorsolateral

Table 4. Brain Areas of Greater Increase and Decrease in Blood Flow
during Evoked Trauma Memories in 10 Women with than in 10 without
Borderline Personality Disorder (BPD)

Z Scorea

Talairach
Coordinate

Brodmann’s
Area Brain Regionx y z

Greater Increase in the BPD Group
4.10b 50 �44 �20 20, 37 Right inferior temporal gyrus
3.28 48 �58 �40
3.14 38 �66 �50 Cerebellum
3.91b �44 �10 20 43 Left parietal lobe
3.18 �48 �34 28 40 Left inferior parietal lobe
2.90 �42 6 6 Left insula?
3.90b 24 28 52 8 Right superior frontal gyrus
3.74 �4 32 54 8 Left superior frontal gyrus/

orbitofrontal
3.73 �2 48 38 8 Left medial frontal gyrus
3.61b 56 �62 44 40 Right inferior parietal lobe
3.44b 42 �84 22 19 Right medial temoral gyrus
2.68 40 �88 8 19 Right medial occipital gyrus
3.34b �48 30 18 45, 46 Left middle frontal gyrus
3.27b 42 �4 22 4 Right frontal lobe
3.19b 38 12 2 Right insula
3.01b 10 0 14 Right caudate
2.87b �22 44 32 9 Left superior frontal gyrus
2.83b 20 �70 �34 Cerebellum
2.77b �52 �4 42 6

Greater Decrease in the BPD Group
4.61b �34 �76 26 19 Left middle occipital gyrus
3.61 �24 �58 46 7 Left parietal lobe
3.59 �12 �78 14 17, 18 Left cuneus
4.10b �52 �22 �8 21 Left middle temporal gyrus
3.84b �26 28 �30
3.65 �20 30 10 Fasciculus occipito-frontalis
2.86 �20 48 �18 11 Left orbitofrontal
3.80b 14 30 22 24 Right anterior cingulate
3.73b 30 �54 30 Right parietal lobe
2.92 44 �28 28 Right parietal lobe
2.44 34 �24 32 Right parietal lobe
3.61b 56 �72 20 39 Right middle temporal gyrus
3.60b 16 �92 �36 Cerebellum
3.42b �18 �48 �50 Cerebellum
3.34b �48 �42 �50 Cerebellum
3.34b 32 38 �20 11 Right orbitofrontal
3.29b �16 54 �20 11 Left orbitofrontal
3.29b 60 16 �2
3.26 60 32 6 45 Right inferior frontal gyrus
2.66 58 28 26 46 Right middle frontal gyrus

aZ score � 2.33, p � .01.
bPrimary activation voxels in a cluster. Voxels below indicate other acti-

vation within the cluster.
www.elsevier.com/locate/biopsych
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refrontal cortex in response to abandonment scripts, in the present
tudy BPD patients did not reveal increased or decreased blood
low in dorsolateral prefrontal areas. Middle/inferior frontal gyrus
as been implicated in encoding and retrieval of verbal memories,
ith several studies showing a lateralization for encoding on the left
nd retrieval on the right (Tulving et al 1994). Our findings of
reater activation in right inferior frontal gyrus in the control
roup might be related to an effort to retrieve traumatic memo-
ies. It might be speculated that women with BPD do not actively
etrieve traumatic memories or even suppress them.

Decreased blood flow was seen in the right hippocampal
egion in women with BPD during exposure to traumatic mem-
ries; such a decrease was not found in the control group. This
inding is consistent with our prior studies in abuse-related PTSD
Bremner et al 1999a, 2003) and our prior study with memories
f abandonment in BPD patients (Schmahl et al 2003a). Further
vidence for impaired function of the hippocampus in BPD
omes from recent findings of reduced hippocampal volume in
atients with BPD (Driessen et al 2000; Schmahl et al 2003b;
ebartz van Elst et al 2003). Given the known role of the
ippocampus in mediating emotional processing of complex
isual stimuli (Kim and Fanselow 1992; Phillips and LeDoux
992) it is not surprising that this region is involved in processing
raumatic memories in PTSD and BPD.

In a similar fashion as in right anterior cingulate, activation in left
rbitofrontal cortex was seen in traumatized women without BPD
ut not in the BPD group (Tables 2, 3, and 4). Orbitofrontal cortex
nd a cortical–subcortical circuit involving orbitofrontal regions
eem to play a significant role in social cognition (Baron-Cohen
995; Baron-Cohen et al 1994). Patients with orbitofrontal lesions
xhibit behavioral disinhibition, affective dysregulation, and
ocial cognition deficits (Blair and Cipolotti 2000; Damasio 1994;
tone et al 1998), all of which are also typical features of BPD.
ailure of activation in this area might represent an inability to
ecognize or to correctly interpret social cues.

There are several possible explanations for activation patterns
ssociated with traumatic memories in BPD. Our findings may
epresent neural correlates of recalling traumatic memories. Also,
hese findings could be due to an increase in BPD symptomatol-
gy while listening to stressful scripts. We cannot exclude the
act that patients have increased fear, anger, or other emotions
hat account for the findings of the current study. Differences
etween BPD patients and control subjects in stressful memories
n general and differences in their ability to memorize fearful
vents could also contribute to these findings.

Several limitations have to be considered in interpreting our
esults. First, this was a pilot study investigating traumatic
emories in women with BPD and was limited in sample size.

econd, nearly all BPD subjects were taking psychotropic med-
cation during the investigation. In our experience it is nearly
mpossible to recruit BPD patients who are not taking psycho-
ropic medication. Antidepressants and neuroleptics influence
rain metabolism and reactivity to stressful reminders; however,
t seems to be unlikely that the medication could lead to the
pecific increases and decreases seen in our study. Rather, it
ould lead to a more generalized effect. Third, we did not match

he two groups for the presence of Axis I disorders. There was a
igher rate of comorbid psychiatric disorders in patients with
PD. Comorbid depressive disorder and PTSD might have an

nfluence on our findings; however, exclusion of comorbid PTSD
ould lead to a sample not representative for BPD, with its high

ate of traumatic experience. The sample size of our study was
ot big enough to perform an analysis of subgroups (e.g., with
ww.elsevier.com/locate/biopsych
and without PTSD). Future studies are needed with a larger
sample size and a comparison between subgroups of BPD
patients. A further limitation of our study was that we compared
personalized trauma scripts with standardized, nonpersonalized
neutral scripts. We chose standardized neutral scripts because it
seemed difficult to find emotionally neutral personalized situa-
tions in patients with BPD. Also, we cannot rule out the
possibility of an order effect. The ability to visualize the content
of the scripts was not controlled for in our study. Thus, individual
differences in visualization might have influenced our results.
Also, differences in attention were not controlled for in our study.
Because we did not correct our results for multiple comparisons,
there exists the possibility that some of the regions found to be
significant might be due to false-positive findings.

There is a large overlap between PTSD and BPD regarding
etiology as well as clinical presentation of these disorders.
Prevalence of childhood physical and sexual abuse ranges
between 29% and 71% (Zanarini 1997), and approximately 50%
of patients with BPD fulfill the diagnostic criteria for PTSD
(McGlashan et al 2000). There is an ongoing discussion as to
whether BPD represents a form of complex or chronic PTSD
(Bremner 2002) or belongs to a spectrum of “disorders of
extreme stress not otherwise specified” (Herman 1993). Clinically
the frequent stress-related symptoms in borderline patients, such
as anxiety and dissociative phenomena, also underline the
overlap between BPD and other trauma-spectrum disorders like
PTSD. As outlined in the introduction, several findings point at
common or overlapping neurobiological correlates of these two
disorders. Because the activation pattern found in the present
study seems to be similar to activation patterns found in PTSD
patients listening to traumatic scripts, it can be concluded that
traumatic memories involve similar circuits in both disorders.
When these findings are taken together, the conceptualization of
a spectrum of trauma-related disorders, as proposed by Bremner
(2002), seems to be justified. On the other hand, compared with
the activation pattern found during abandonment memories in
patients with BPD (Schmahl et al 2003a), memories of traumatic
episodes elicited a somewhat different pattern of activation, with
less activation in prefrontal areas. Thus, it can be concluded that
traumatic stress is an important factor in the development of BPD
but that other types of interpersonal stress (e.g., situations of
abandonment), might be of similar importance for the develop-
ment of BPD. To test this hypothesis directly, a comparison study
of the two diagnostic groups with the use of different types of
stress-related scripts would be necessary.
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