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Abstract

In an earlier study, we reported that some perpetrators of domestic violence evidenced exaggerated fear-related
responses to the panicogenic agent sodium lactate. In the current study, we employed positron emission tomography
(PET) to investigate our hypothesis that there are differences in the neural structuyes pathways that mediate
and control the expression of fear-induced aggression in perpetrators of domestic violence. Regional cerebral glucose
metabolism was measured in eight male perpetrators of domestic violence who fulfilled DSM-III-R criteria for alcohol
dependencéDV-ALC), 11 male participants who fulfilled DSM-III-R criteria for alcohol dependence and had no
history of interpersonal aggressiéALC) and 10 healthy male participants who did not fulfill criteria for any DSM-

IlI-R axis | diagnosis and had no history of interpersonal aggredgt@iS). DV-ALC had a significantly lower mean

glucose uptake in the right hypothalamus compared to ALC and HCS. Correlations were performed between measures
of glucose utilization in the brain structures involved in fear-induced aggression. The comparison of DV-ALC to HCS
and to ALC differed in six and seven comparisons, respectively, involving various cortical and subcortical structures.
HCS and ALC differed between the left thalamus and the left posterior orbitofrontal cortex. These PET findings
show that some perpetrators of domestic violence differ from control participants in showing lower metabolism in
the right hypothalamus and decreased correlations between cortical and subcortical brain structures. A possible
psychological covariate of these changes in regional activity might be fear-induced aggression, but this hypothesis
should be examined in larger study groups that undergo provocation during imaging.
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1. Introduction thalamus, amygdala, orbitofrontal cortex, anterior
cingulate, caudate, putamen and nucleus accum-
Spousegsignificant others frequently report that beng. External stimuli, which serve to alert the
perpetrators of domestic violence display a number animal to thregtdanger, are received by the thal-
of intimidating behaviors(i.e. loud voice, facial amus (Armony and LeDoux, 1997 From the
grimacing, imposing stance, and physical aggres- thalamus, this information is transmitted to both
sion) intermittently throughout the course of their the amygdala and the cortex, which serve to
relationship. According to some perpetrators, these evaluate the nature of the stimulus for an appro-
behaviors are not premeditated and usually occur priate response(LeDoux, 1994; Armony and
in response to a ‘look’ or a ‘statement’ by the LeDoux, 1997; LeDoux, 1998
spousgsignificant other that the perpetrator per-  The thalamic input to the amygdala provides
ceives to be a ‘threat.’ These perpetrators of the mechanism whereby an animal can process
domestic violence report that their reaction to this and evaluate sensory information quickly and
threat is accompanied by an escalating sense ofrespond rapidly to imminent dangéArmony and
anxiety/fear, autonomic arousdk.g. palpitations,  LeDoux, 1997. Animal studies indicate that fear
increased breathing, and nervousnemsd a com-  conditioning occurs when conditioned and uncon-
pelling need to ‘defend themselve@itler et al., ditioned stimuli converge in the amygdalde-
1994; George et al., 2000 Doux et al., 1990; Li et al., 1996 Conditioned
Conceptually, the above constellation of symp- fear responses result in the activation of autonomic,
toms and behaviors can be subdivided into ‘assess-behavioral(i.e. freezing and hormonali.e. hypo-
ment’ and ‘response’ components. The assessmenthalamic—pituitary—adrenal axis responses
component is an apparent hypersensitivity to envi- expressed in the presence of dan@@avis et al.,
ronmental stimuli that is associated with an esca- 1994). Humans who have damage to the amygdala
lating sense of anxiefffear. This component is are unable to recognize or react to fearful or angry
consistent with the results of our previous research faces and voice¢Adolphs et al., 1995; Scott et
showing that a select group of perpetrators of al., 1997; Adolphs et al., 1998; Morris et al.,
domestic violence, compared with healthy controls, 1998).
have exaggerated fear-related resporses fear In contrast to the amygdala, the polysynaptic
and pani¢ to the anxiogenic agent sodium lactate processing of the cortex is slower but results in a
(George et al., 2000 The response component is more detailed evaluation of environmental stimuli
characterized by a compelling need for the perpe- (Li et al., 1996. The medial and orbital areas of
trators to ‘defend themselves’ and typically leads the prefrontal cortex provide an affective and
to verbal andor physical aggression. The perpe- cognitive component to sensory information
trators’ perceived need to defend themselves typi- (Bechara et al., 1997; Schoenbaum et al., 1998;
cally occurs independent of an actual ‘physical’ Bechara et al., 2000; Elliot et al., 2000; Ongur
threat posed by their spoy&sgnificant other. The  and Price, 2000 The pathways between the orbit-
concept of fear being associated with aggression al cortex and the amygdala integrate environmental
is well documented in the animal literatuiBiegel stimuli with fear response¢Perez-Jaranay and
et al., 1999; Weinshenker and Siegel, 2D@hd Vives, 1991; Schoenbaum et al., 199Bor exam-
is also consistent with the results of our previous ple, the presence of threatening stimuli causes the
sodium lactate study showing that perpetrators of amygdala to decrease the firing rate of the medial
domestic violence experience not only fear and prefrontal cortex neurongGarcia et al., 1999
panic, but also rage in response to sodium lactate while lesions to the medial prefrontal cortex impair
(George et al., 2000 the ability to extinguish conditioned fear responses
The mechanism whereby fear induces aggres- (Morgan et al., 1993; Morgan and LeDoux, 1995
sion involves a complex set of interactions between The evaluation of the fear-eliciting stimulus in the
the environment and various structures in the prefrontal cortex results in a ‘decisior{Schall,
central nervous systerte.g. the thalamus, hypo- 2001) to respond to the stimulus or to extinguish
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the fear-conditioned respongBlariri et al., 2000. modulates autonomic activity, internal emotional
Failure to extinguish the conditioned fear response responses and the assignment of emotional valence
can result in flight or fight behavior mediated by while the ‘cognitive’ region is involved in response
the hypothalamus and brainstem. selection associated with skeletomotor activity
Risold et al.(1997) and Swansor{2000 pro- (Devinsky et al., 1998 The anterior cingulate
posed that the hypothalamus and brainstem arecortex receives projections from the amygdala, and
sufficient to elicit hard-wired coordinated defen- is important for the voluntary initiation or inhibi-
sive behaviorgi.e. threateningaggressive behav- tion of motor action(Paus, 2001
ior). The associated motor activities(i.e. The above-described neurocircuitry indicates
locomotion can be activated either reflexively by that there are important connections between the
sensory information or non-reflexively by inputs cortical processing of sensory information and
from the cerebral cortex. The executions of more subcortical structures that are known to mediate
complex response selectiofise. hangdarm move-  fear-induced aggression. Ba(ii928 reported that
ments in fighting require the basal gangli®isold animals are more likely to respond to environmen-
et al., 1997. tal stimuli with ‘defensive rage’ following cortical
The basal ganglia have been theorized to per- ablation. An increase in fear reactivity in response
form response selections from a repertoire of to fear conditioning has also been shown in ani-
learned behavioral responséerns and Sejnow- mals with lesions to the dorsal portion of the
ski, 1999. Bechara et al(2000 proposed that medial prefrontal cortexXMorgan et al., 1998
the ventromedial sector of the orbitofrontal cortex Humans who have traumatic or neoplastic lesions
mediates the emotional processing of events for involving the orbital and ventromedial prefrontal
inhibitory constraint on response selection. Gray- cortex have an increased likelihood of exhibiting
biel (1997, 1998 proposed that the basal ganglia behavioral disinhibition and aggressighaPierre
control the execution of the selected response et al., 1995; Grafman et al., 1906
through the use of thalamocortical loops and brain-  The clinical relevance of the cortigaubcortical
stem networks. The basal ganglia control the thal- neuroconnetctions in the processing of threatening
amocortical loops and brainstem motor networks stimuli is further supported by functional studies.
by exerting tonic inhibition and removing the In animals, Garcia et al(1999 showed that the
inhibition from the appropriate selected action presence of threatening stimuli caused an increase
sequence(Parent and Hazrati, 1995; Middleton in the firing rate of the neurons in the amygdala
and Strick, 2000ab The motor, dorsolateral pre-  with a corresponding decrease in the firing rate of
frontal, occulomotor, lateral orbitofrontal and lim- the neurons in the medial prefrontal cortex. The
bic loops are also involved in the decision-making decrease in neuronal activity in the prefrontal
process(Mega and Cummings, 1994The action cortex did not occur when the amygdala was
selection can be executed in either an automatic removed. In humans, Hariri et 22000 showed
or attended modé&Jueptner et al., 19973,bGray- cerebral blood flow(rCBF) to the amygdala in
biel (1997, 1998 proposed that the learned healthy controls increased when they were pre-
responses consist of motor or cognitive elements sented with angry or fearful faces. Cognitive label-
organized into ‘chunks’ of behavior for efficient ing of the angry and fearful faces caused a decrease
execution. in rCBF to the amygdala and a simultaneous
In order to disengage from automatic processing increase in rCBF to the right prefrontal cortex.
in the thalamocortical loops and switch to an We hypothesize that the inappropriate and exag-
attended action, the anterior cingulate cortex must gerated behavioral responsés.g. loud voice,
be activated(Carter et al., 1995; Berns et al., facial grimacing, imposing stance and physical
1997; Carter et al., 2000; MacDonald et al., 2000; aggressionh evidenced by some perpetrators of
Paus, 2001 This activation can be produced by domestic violence in response to a ‘look’ or
attention—demanding stimul{e.g. pain, threat ‘statement’ from their spougsignificant other
The ‘affect’ region of the anterior cingulate cortex arise from the failure of the cortex to modulate
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the rapid but imprecise evaluation of the environ- 2. Methods

mental stimuli performed in the amygdala. We

hypothesize that a select group of perpetrators of 2.1. Participants

domestic violence who evidence fear-induced

aggression will have eithéfl) decreased metabol- The majority of the perpetrators of domestic
ic activity in the frontal regions of the brain violence were recruited through newspaper adver-
[previously seen in human neuroimaging studies tisements(Do You Ever Lose Contro)? Non-
involving aggressiorfGoyer et al., 1994; Raine et Vviolent alcoholics were recruited from the clinical
al., 1994, 1997, 1998; Volkow et al., 1995; Amen program of the National Institute on Alcohol
et al., 1996: Pietrini et al., 200Dor (2) decreased  Abuse and AlcoholisnfNIAAA ) and the National
correlations in glucose activity between cortical Institutes of Healtr(NIH) volunteer office. Partic-
structures and the amygdala compared with non- ipants underwent extensive clinical and physical
violent controls. The decreased correlations would €xaminations to ensure that they were in good
indicate that there are differences in the previously health. Participants with a history of seizures, head
described neuropathways between the amygdalatrauma (defined as a period of unconsciousness
and cortical structures in perpetrators of domestic €xceeding 1 h or medical conditions requiring
violence versus non-violent controls. To eliminate chronic medications were excluded from partici-
the possibility that any observed changes in glu- Pation. All participants had a negative urine screen
cose metabolism are due to structural abnormalities O illiCit drugs. Prior to being studied, participants
or to psychotic processes, we elected to study With a history of alcohol anfbr drug abuse were
perpetrators of domestic violence who had a nor- abstinent for at least 3 weeks while other subjects

mal brain MRI scan and a negative history for abstained from alcohol for at least 72 h. All

head trauma, bipolar disorder and schizophrenia. participar)ts were medication fr_ee for at I(_aast 3
To test these hypotheses, we administeredWeeks prior to the study. Following the abstinence

labeled® F-2-fluoro-2-deoxygluco$EDG) during period, the perpetrators of domestic violence had

; . an electroencephalogratiEEG) and MRI of the
positron emission tomograph@PED to a select brain to rule out central nervous system pathology
group of perpetrators of domestic violence and

. . . that could contribute to violent behavior. DSM-
non-violent controls using a non-threatening chal-

| di 0 | i ity th IlI-R psychiatric diagnoses were derived using the
enge paradigm. Lur goal was 10 quan 'f.y € Structured Clinical Interview for DSM-III-R
metabolic glucose activity present in the previously (SCID) (Spitzer et al., 1999 with additional

cited brain regionsthalamus, posteriqr orbitofron- 5105l consumption information obtained from
tal cortex, amygdala, basal forebrain, hypothala- . Michigan Alcohol Screening TestMAST)
mus, anterior cingulate cortex, posterior cingulate (Selzer, 1971: Skinner and Sheu, 198Both of

cortex and caudajethat modulate antbr mgdia‘t_e ~ which were administered by a social worker with
conditioned fear responses associated with ‘fight” extensive training in interviewing. Participants

behaviors. To assess possible abnormalities in theith 3 DSM-III-R diagnosis of either bipolar ill-
functional relationship between these structures, ness or schizophrenia were excluded.

we examined correlations in glucose metabolic  participants were classified into three groups.
activity present in those pairs of structures, which The first group consisted of eight male perpetrators
are known to have connecting projections. Since of domestic violence who fulfilled DSM-III-R
there are both ipsilateral and contralateral projec- criteria for alcohol dependencéDV-ALC). The
tions between these structur@arent and Hazrati, second group consisted of 11 male participants
1995; Risold et al., 1997; An et al., 1998 Mc- who fulfilled DSM-III-R criteria for alcohol
Donald, 1998; Ongur et al., 1998; Barbas, 2000; dependence and who had no history of interper-
Cavada et al., 2000; Ongur and Price, 2D0f®e sonal aggressiofALC). The third group was a
also examined the  cross-cortical—striatal group of healthy comparison subjedidCS) that
correlations. consisted of 10 male participants who had no



D.T. George et al. / Psychiatry Research: Neuroimaging 130 (2004) 11-25

history of alcohol abuse, alcohol dependence or
interpersonal aggression and did not fulfill criteria
for any DSM-III-R axis | diagnosis. Spousés

significant others or family members were con-

15

immobilized with a thermoplastic mask. After
aligning the PET camera to the canthomeatal line,
a 7.5-min transmission scan was performed to
implement attenuation correction. Participants’

tacted to verify the presence or absence of physical eyes were covered and earphones were placed on

aggression.
The DV-ALC group consisted of men from a

broad range of socioeconomic backgrounds rang-

ing from executives to unemployed individuals.
Only those participants who had a history of
inflicting repeated acts of significant physical vio-
lence (e.g. hitting/punching, aggressive pushifng
shoving, choking or using a weapopnoward a
spousésignificant other were included. These acts
of violence were not premeditated and were typi-
cally associated with a constellation of symptoms
(e.g. palpitations, increased respiratory rate, trem-
or, sense of losing control, and feelings of fear
and/or being trappel Following the act of vio-
lence, the DV-ALC often reported a sense of
remorse for their aggressive behaviors. At least
some of the acts of domestic violence occurred
when the DV-ALC were not under the influence
of alcohol. All of the DV-ALC participated in
other domestic violence-related protocols in our
laboratory. All of the ALC and nine HCS also
participated in these studies. Participants were
assessed for age, anxieli$pielberger Trait Anxi-
ety Inventory (Spielberger et al., 1970 depres-
sion [Hamilton Depression Rating Scale
(Hamilton, 1976] and aggressiofiBrown-Good-
win Lifetime Aggression Scale(Brown et al.,
1979].

The NIAAA Institutional Review Board
approved the study. After a complete description
of the study to the participants, written informed
consent was obtained.

2.2. Imaging methods

Regional cerebral metabolic rate of glucose
uptake(rCMRglc) was measured using FDG PET,
as has been previously describédindreason et
al., 1992, 1993, 199 Participants were scanned
2-3 h after a light meal. IntravenousV) and
arterial lines were placed for tracer administration
and serial blood sampling while participants

the participants’ head. Five microcuriésiCi) of
18EDG were administered intravenously over 60 s.
To insure that all participants were in a similar
cognitive state during brain uptake df FDG,
participants performed a simple, auditory continu-
ous performance tastCPT) (Cohen et al., 1992
during the 30 min following® FDG administration.
The task consisted of pressing a button in response
to the higher pitched of two tones while ignoring
the lower pitched tone. At the end of this 30-min
period, the headphones were removed and two
scans of 15 slices each were acquired over the
next 30 min. Serial blood sampling was performed
so that a time—activity curve could be constructed,
and to verify that plasma glucose was stable. The
conversion of image voxel values from M€t to
mg-glucose min! 100 g tissue was performed
using previously described metho@¥ones et al.,
1982; Mazziotta and Phelps, 1986; Brooks et al.,
1987; Sokoloff et al., 1977 Scanning was done
on a Scanditronix PC2048-15B tomograph with
in-plane resolution of 5.2 mMFWHM) and axial
resolution(slice thickness of 6 mm at the center

of the field of view. The voxel dimensions were
2X2x%3.25 mm.

2.2.1. PET image registration and analysis

The T,-weighted MRI scan(consisting of a
256X 256 124 matrix of X 1X2 mm voxels of
each participant was co-registered to its corre-
sponding PET volume (consisting of a
128x128x 30 matrix of 2<2x3.25 mm voxel$
using a modified surface matching algorithm
(Besel and McKay, 1992 This algorithm provides
three-dimensional affine transformation parameters
to spatially matched surfaces from two correspond-
ing objects. Regions of intereéROIs) were man-
ually drawn around each desired structure on MR
images. The average glucose count within each
structure(i.e. ROl was then computed from its
corresponding matching PET image. The CMRglc

reclined on the scanner table. Their heads were value for each ROI is the mean value of all voxels
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within the ROI. These values are absolute CMRglc time Aggression Scale scores and the ROls for
values. The ROIs are shown in Fig. 1. each group. There were no significant correlations
for the ALC group. In the HCS group, there was
a significant correlation for the right caudate
(—0.78, P=0.02. In the DV-ALC there were
Group comparisons were performed with anal- significant correlations with the left thalamus
yses of variance; least significant difference pair- (0.82,P=0.02) and the right basal forebraii®.84,
wise comparisons were performed on variables for P=0.02). Pairwise tests of equal correlations were
which ANOVAs were significant. Pearson corre- performed among the three groups for the right
lations were calculated for each group and pairwise caudate, left thalamus and right basal forebrain.
comparisons(Anderson, 1958 were performed The only significant comparisons occurred
among the groups. All tests performed were two- between the HCS and DV-ALC for left thalamus

2.3. Statistical analysis

tailed. The level of significance was chosen to be
P<0.05 in order to have adequate power with the

(—0.68 vs. 0.82,,=0.01) and right basal fore-
brain (—0.53 vs. 0.84,P=0.02) where the first

small sample sizes. Consequently, there were nocorrelation is from the HCS and the second cor-

corrections for multiple testing. For each statistical

test, the adequacy was determined by examining

normal probability plots of model residuals and
tests of homogeneity of variance. The results of

these tests justified the use of parametric analyses.

All of the statistical analyses in this study were
performed using the STATISTICA software pack-
age,(StatSoft Inc., 1994, 1999

3. Results
3.1. Results for Table 1

In Table 1 there is a group effect for the Brown-
Goodwin Lifetime Aggression Scale with the DV-
ALC mean being significantly larger than the ALC
and HCS means. There is no group effect for age.
There is a significant group effect for the Spiel-
berger Trait Anxiety Inventory where the DV-ALC
mean is significantly larger than the ALC and HCS
means. There is a significant group effect for the
Michigan Alcohol Screening Test with the means
for DV-ALC and ALC being significantly larger
than the mean for HCS. There is a significant
group effect for lifetime drinking with the means
of DV-ALC and ALC being significantly larger
than the mean of HCS.

There is no significant group effect for total
brain activity [F(2,26)=1.16, P=0.33. The
Spielberger Trait Anxiety Inventory is not signifi-
cantly correlated(Pearson correlationswith any
of the ROIs in each group. Pearson correlations
were also examined for the Brown-Goodwin Life-

relation is from the DV-ALC.
3.2. Results for Table 2

Table 2 presents the axis | and axis Il diagnoses
for the ALC and the DV-ALC. It is apparent that
the DV-ALC have considerably more psychopa-
thology (especially anxiety disordersthan the
ALC.

3.3. Results for Table 3

The ANOVA in Table 3 shows that there is a
significant group effect for the right hypothalamus.
The DV-ALC group had a significantly lower mean
than the HCS and ALC groups.

3.4. Results for Table 4

The correlation comparisons in Table 4 show
several significant differences involving the fol-
lowing pairs of variables: left amygdala vs. right
posterior orbitofrontal cortex; left amygdala vs.
right basal forebrain; left amygdala vs. anterior
cingulate cortex; right amygdala vs. left thalamus;
left amygdala vs. left thalamus; left amygdala vs.
right thalamus; left thalamus vs. left posterior
orbitofrontal cortex; left caudate vs. left thalamus;
and left caudate vs. right thalamus. The HCS and
ALC differed in one comparison: left thalamus vs.
left posterior orbitofrontal cortex. The ALC and
the DV-ALC differed in seven comparisons: left
amygdala vs. right posterior orbitofrontal cortex,
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Table 1
Participant characteristics and demographics
HCS ALC DV-ALC ANOVA
meantS.D. mearx S.D. mean:S.D.
N=10 N=11 N=8 df. F P
Hamilton Depression Rating Scale 223 3.H4+23 8.2+8.0 2,13 2.2 0.15
N=7 N=3 N=6
Brown-Goodwiri2P 5.3+5.1 7.6+5.4 25.1+-6.8 2,22 26.8 <0.01
N=8 N=10 N=7
Spielberger Trait Anxiety?" 29.7+7.4 35.0+8.4 47.4+8.8 2,18 8.5 <0.01
N=7 N=7 N=7
Age (year9 38.1+9.5 39.8+7.2 32.9+6.2 2,25 1.9 0.17
N=9 N=11 N=8
MAST"a 0.7+1.2 42.1+18.1 44.3+16.9 2,24 29.3 <0.01
N=10 N=9 N=8
Frequency of drinking in last 180 days 16:22.1 110.A464.3 95.5+82.1 2,24 6.9 <0.01
(day9"ac N=10 N=9 N=8
Quantity of drinking in last 19.324.6 197.2-146.7 119.1-82.9 2,24 8.0 <0.01
180 days(g)“*© N=10 N=9 N=8
Heavy drinking 0.6:0.0 13.1+8.3 8.9+5.8 2,24 131 <0.01
(yearg™° N=10 N=9 N=8
Lifetime drinking 10.2+16.3 548.4378.2 378.6-302.6 2,24 9.7 <0.01
(kg)"2° N=10 N=9 N=8
" Least significant difference pairwise comparisgh< 0.05).
2HCS vs. DV-ALC.
PALC vs. DV-ALC.
¢HCS vs. ALC.
Table 2
DSM llI-R psychiatric diagnoses
AXIS | ALC DV-ALC AXIS Il ALC DV-ALC
N=10 N=8 N=10 N=8
Major depression 2 4 Avoident 0 4
Panic attacks 0 3 Dependent 0 4
Agoraphobia 0 2 Obsessive-compulsive 2 4
Social phobia 1 6 Passive-aggressive 0 4
Simple phobia 0 2 Self-defeating 0 4
Obsessive-compulsive disorder 0 1 Paranoid 1 3
Generalized anxiety disorder 0 4 Histrionic 1 1
Organic mood disorder 4 7 Narcissistic 0 4
Organic anxiety disorder 1 4 Borderline 3 7
Posttraumatic stress disorder 2 3 Antisocial 2 5
NOS 3




D.T. George et al. / Psychiatry Research: Neuroimaging 130 (2004) 11-25 19

Table 3
PET regions

HCS ALC DV-ALC ANOVA

meantS.D. mean:S.D. mean:-S.D.

N=10 N=11 N=8 df. F P
Right posterior orbitofrontal cortex 7.951.44 7.48+1.21 6.78:1.21 2,26 0.95 0.40
Left posterior orbitofrontal cortex 7.691.78 7.55+0.85 7.43:0.72 2,26 0.04 0.96
Right amygdala 5.651.06 5.28:0.76 5.02:0.43 2,26 1.39 0.27
Left amygdala 5.73-0.90 5.35-0.94 5.010.64 2,26 1.61 0.22
Left basal forebrain 8.822.01 8.0A41.55 7.58+1.19 2,26 1.32 0.29
Right basal forebrain 8.681.89 7.96+1.65 7.22+1.07 2,26 1.71 0.20
Right hypothalamus"® 7.73+1.38 6.96+1.28 5.69+0.86 2,26 6.28 0.01
Left hypothalamus 7.551.61 6.68+1.30 5.98+0.77 2,26 3.24 0.06
Anterior cingulate cortex 7.181.26 6.82:0.87 6.52+0.68 2,26 0.78 0.47
Posterior cingulate cortex 7.491.38 6.98+0.97 6.78+0.86 2,26 1.03 0.37
Left caudate 5.840.94 6.4741.30 6.06:0.75 2,26 1.01 0.38
Right caudate 6.0¥1.28 6.36+1.12 6.34+0.86 2,26 0.21 0.81
Left thalamus 7.7%1.90 8.30t1.59 7.48+0.54 2,26 0.71 0.50
Right thalamus 7.741.90 8.38+1.43 8.02+0.73 2,26 0.51 0.61

" Least significant difference pairwise comparisgh< 0.05).
aHCS vs. DV-ALC.
P ALC vs. DV-ALC.

right basal forebrain, anterior cingulate cortex, left
thalamus and right thalamus; left thalamus vs. left
posterior orbitofrontal cortex; and left caudate vs.
right thalamus. The HCS vs. DV-ALC differed in
six comparisons: left amygdala vs. right posterior
orbitofrontal cortex, anterior cingulate cortex, and
left thalamus; right amygdala vs. left thalamus;
left caudate vs. left thalamus; and left caudate vs.
right thalamus.

4. Discussion

In this study we employed FDG PET to estimate
glucose metabolic activity in a number of the brain
structures involved in the control and mediation of
conditioned fear responses associated with ‘fight’
behaviors. Our results show that DV-ALC, com-
pared with ALC and HCS, have lower glucose
uptake in the hypothalamus as well as decreased
correlations among several cortical and subcortical
brain structures. The ALC, compared with DV-
ALC and HCS, had an abnormally high correlation
between left thalamus and left posterior orbitofron-
tal cortex.

The low hypothalamic glucose metabolic activ-
ity found in the DV-ALC compared with both the

ALC and HCS suggests that there may be an
abnormality in the hypothalamic activity of the
DV-ALC. This decreased activityi.e. relative to
the HCS and ALQ does not appear to be related
to the effects of alcohol since the ALC group did
not exhibit a similar reduction. Since other hypo-
thalamic functions(e.g. consumptive and sexual
activities were normal in all of the participants,
we postulate that the low hypothalamic metabolic
activity reflects reduced function in specific nuclei
such as the dorsal premammillary nucleus, which
has been previously shown to be involved in the
expression of fear respons@Somoli et al., 2000.
The clinical relevance of this finding is substanti-
ated by animal studies showing that the hypothal-
amus, in conjunction with the periaquaductal gray,
is critical in the circuitry that mediates fear-induced
aggression(Mos et al.,, 1982; Sebastian, 1983;
Fuchs et al., 1985; Shaikh et al., 1987

Decreased correlations among various cortical
structures(outlined in Table 4 and the amygdala
were found in the DV-ALC compared with the
ALC and HCS. These reduced correlations
involved many of the structures that form the
thalamocortical loops(see Section ) that are
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Table 4
Correlations and correlation tests

Variables Correlations Significance levels from pairwise tests of equal
correlations
HCS ALC DV-ALC HCS vs. DV-ALC  ALC vs. DV-ALC HCS vs. ALC

Right amygdala, right posterior 0.71 0.41 —-0.28 0.06 0.22 0.40
orbitofrontal cortex

Left amygdala, right posterior 0.80 085 —-0.21 0.04 0.02 0.77
orbitofrontal cortex

Right amygdala, left posterior 0.70 0.46 0.14 0.24 0.54 0.48
orbitofrontal cortex

Left amygdala, left posterior 0.78 0.88 0.44 0.34 0.13 0.53
orbitofrontal cortex

Right amygdala, left basal forebrain 0'69 0.27 0.41 0.49 0.79 0.29

Left amygdala, left basal forebrain 0/67 0.54 0.39 0.51 0.74 0.70

Right amygdala, right basal forebrain 0.55 0.21 —-0.18 0.19 0.50 0.44

Left amygdala, right basal forebrain 0.58 0.67 —0.48 0.06 0.08 0.78

Right amygdala, anterior cingulate 0:78 0.55 0.22 0.18 0.50 0.42
cortex

Left amygdala, anterior cingulate 0’84 09T —0.03 0.03 0.02 0.56
cortex

Right amygdala, posterior cingulate 0.77 0.44 0.58 0.55 0.74 0.30
cortex

Left amygdala, posterior cingulate 0:83 0.85 0.24 0.13 0.10 0.90
cortex

Right amygdala, left caudate 070 0.31 —0.03 0.15 0.55 0.31

Left amygdala, left caudate 0.66 0.64 0.49 0.67 0.70 0.54

Right amygdala, right caudate 067 0.62 0.48 0.63 0.73 0.87

Left amygdala, right caudate 0.56 0.46 0.45 0.80 0.98 0.80

Right amygdala, left thalamus 0.63 0.33 —0.52 0.04 0.13 0.45

Left amygdala, left thalamus 0.53 089 —0.58 0.08 <0.01" 0.13

Right amygdala, right thalamus 0.60 0.55 0.18 0.40 0.46 0.89

Left amygdala, right thalamus 0.51 0'80 —0.39 0.12 0.02 0.32

Right amygdala, right hypothalamus 0.64 0.19 0.19 0.35 1.00 0.29

Left amygdala, right hypothalamus 0:64 0.54 0.10 0.28 0.39 0.77

Right amygdala, left hypothalamus 0:81 0.57 0.31 0.19 0.57 0.37

Left amygdala, left hypothalamus 0:80 0.84 0.61 0.52 0.38 0.82

Right basal forebrain, anterior 0.63 078 0.84 0.43 0.76 0.56
cingulate cortex

Left basal forebrain, anterior 0.73 0.67 0.74 0.97 0.81 0.82
cingulate cortex

Right basal forebrain, right 0.77 0.60 0.18 0.17 0.38 0.54
hypothalamus

Left basal forebrain, right 0.67 0.6Z —0.12 0.13 0.16 0.87
hypothalamus

Right basal forebrain, left 0.72 0.70 0.15 0.22 0.23 0.94
hypothalamus

Left basal forebrain, left hypothalamus 0.86 0.58 0.70 0.48 0.72 0.24

Right posterior orbitofrontal cortex, 0.45 0.32 -0.33 0.18 0.26 0.77
right caudate

Left posterior orbitofrontal cortex, 0.55 0.58 —-0.32 0.13 0.10 0.93
right caudate

Right posterior orbitofrontal cortex, 0.37 0.50 0.37 1.00 0.78 0.76
left caudate

Left posterior orbitofrontal cortex, 0.31 071 0.47 0.75 0.52 0.29

left caudate
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Table 4(Continued)
Variables Correlations Significance levels from pairwise tests of equal
correlations
HCS ALC DV-ALC HCSvs.DV-ALC ALCvs. DV-ALC HCS vs. ALC
Left thalamus, left posterior 0.13 0388 0.05 0.89 0.08 0.03
orbitofrontal cortex
Left thalamus, right posterior 0.18 082 0.43 0.64 0.24 0.08
orbitofrontal cortex
Right thalamus, left posterior 0.29 076 —0.03 0.58 0.09 0.20
orbitofrontal cortex
Right thalamus, right posterior 0.29 066 0.35 0.91 0.47 0.35
orbitofrontal cortex
Right caudate, left thalamus 0.50 0.45 —0.41 0.12 0.13 0.90
Right caudate, right thalamus 078 0.79 —0.04 0.09 0.07 0.96
Left caudate, left thalamus 083 0.77 -0.18 0.03 0.08 0.57
Left caudate, right thalamus 086 0.80 —0.49 0.01 0.01 0.71

T Pairwise test for equal Pearson correlations is significant at 0.05 level.

" Test for zero correlation is significant at 0.05 level.

critical for the control and ultimately for the
mediation of fear-induced aggression.

The left amygdala(involved in most of the
decreased correlations seen in DV-ALCs
involved in the conscious processing of fearful
stimuli, while the right amygdala is involved in
the unconscious processing of fearful stimuli
(Morris et al., 1998. Animal studies show that
the orbitofrontal cortex and the medial prefrontal
cortex project to the amygdala, with the amygdala
having reciprocal projections to the lateral orbito-
frontal cortex and the medial prefrontal cortex
(Cavada et al.,, 2000 The projections from the
medial prefrontal cortex to the amygdala involve
the binding of presynaptic glutamate Admethyl
p-aspartatd NMDA) receptors. These projections
are involved in long-term potentiatiofLTP) as
well as fear extinction(Morgan et al., 1993;
LeDoux, 2000. In addition, there is an excitatory
connection from the basolateral nucleus of the
amygdala to the medial prefrontal corté&arcia
et al.,, 1999 which involves pyramidal neurons
containing excitatory neurotransmitter¢Mc-
Donald, 1987 that serve to disengage the cortex
in response to overwhelming threat.

The ALC, compared with DV-ALC and HCS,
showed an abnormally high correlation between
left thalamus and left posterior orbitofrontal cortex.
This high correlation could indicate enhanced con-
nections in the lateral orbitofrontal loop, which is

theorized to be involved in the addiction process
and preservative behaviod/olkow and Fowler,
2000. Therefore, the increased correlation found
in the ALC group may be indicative of an
increased susceptibility to conditioned positive
reinforcements or cues. The nucleus accumbens
and the central nucleus of the amygdala are key
components in the circuitry involved in the rein-
forcing action of ethano(Koob et al., 1998 The
dopamine-containing neurons that project to the
nucleus accumbens and the opiate peptide-contain-
ing neurons in the central nucleus of the amygdala
are activated by ethanol and contribute to the
reward system involved in the conditioning process
in the ALC (Koob et al., 1998.

The fact that DV-ALC did not manifest a high
correlation between the left thalamus and left
posterior orbitofrontal cortex suggests that there
may be fundamental differences in the biological
mechanisms involving alcohol consumption in the
DV-ALC and ALC groups. DV-ALC often report
that they consume alcohol to decrease their anxiety.
(Table 1 shows that Spielberger Trait Anxiety
scores are significantly higher in DV-ALC than
HCS and ALC) Gamma-aminobutyric acid-A
(GABA-A) receptor-containing neurons in the
nucleus accumbens and the central nucleus of the
amygdala are activated by ethanol and contribute
to decreased anxietf\olkow and Fowler, 2000;
Volkow et al., 1995. The decrease in anxiety may
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be an important motivation for ethanol consump-
tion in DV-ALC.

The results from this study are derived from a
carefully defined patient population that exhibits
fear-induced aggression. Contrary to our first
hypothesis, we did not find a difference in glucose
metabolism in the frontal regions of the DV-ALC.
However, it is possible that we would have found
a difference in the frontal regions of the DV-ALC
if we had a larger number of participants. The

decreased correlations present in the DV-ALC are
consistent with our second hypothesis that perpe-

trators of domestic violence have differences in

D.T. George et al. / Psychiatry Research: Neuroimaging 130 (2004) 11-25

explore the affects of fear-related challenge para-
digms using functional MRI imaging.

References

Adolphs, R., Tranel, D., Damasio, A.R., 1998. The human
amygdala in social judgement. Nature 393, 470-473.

Adolphs, R., Tranel, D., Damasio, H., Damasio, A.R., 1995.
Fear and the human amygdala. Journal of Neuroscience 15,
5879-5891.

Amen, D.G., Stubblefield, M., Carmichael, B., Thisted, R.,
1996. Brain SPECT findings and aggressiveness. Annals of
Clinical Psychiatry 8, 129-137.

An, X., Bandler, R., Ongur, D., Price, J.L., 1998. Prefrontal
cortical projections to longitudinal columns in the midbrain

their neuropathways between the cortex and the periaqueductal gray in macaque monkeys. Journal of Com-

amygdala compared with non-violent controls.

parative Neurology 401, 455-479.

These differences theoretically compromise the Anderson, T.W, 1958. An Introduction to Multivariate Statis-

ability of the DV-ALC to modulate the rapid but

imprecise evaluation of environmental stimuli per-
formed by the amygdalésee Section L The lack

of cortical input to the amygdala provides an
explanation for the apparent hypersensitivity to
environmental stimuli that is manifested by DV-
ALC and predisposes the DV-ALC to conditioned

fear responses that are manifested as fight behav

iors (i.e. need to defend themselves, rage
Previous imaging studies involving violent indi-

viduals have generally found decreased glucose

metabolism in the frontal brain regior{&oyer et
al., 1994, Raine et al., 1994; Volkow et al., 1995;
Amen et al., 1996; Raine et al., 1997Typically,

these studies have not controlled for psychotic

tical Analysis. John Wiley and Sons, New York.

Andreason, P.J., Altemus, M., Zametkin, A.J., King, A.C.,
Lucinio, J., Cohen, R.M., 1992. Regional cerebral glucose
metabolism in bulimia nervosa. American Journal of Psy-
chiatry 149, 1506-1513.

Andreason, P.J., Altemus, M., Zametkin, A.J., King, A.C.,
Lucinio, J., Cohen, R.M., 1993. Regional cerebral glucose
metabolism in bulimia nervosa. American Journal of Psy-
chiatry 150 (1), 174.

Andreason, P.J., Zametkin, A.J., Guo, A.C., Baldwin, P,
Cohen, R.M., 1994. Gender-related differences in regional
cerebral glucose metabolism in normal volunteers. Psychia-
try Research: Neuroimaging 51, 175-183.

Armony, J.L., LeDoux, J.E., 1997. How the brain processes
emotional information. Annals of the New York Academy
of Sciences of the United States of America 821, 259-270.

Barbas, H., 2000. Connections underlying the synthesis of
cognition, memory, and emotion in primate prefrontal cor-

diagnoses, central nervous system pathologies or tices. Brain Research Bulletin 52, 319-330.
the type of violence. One exception is a study by Bard, P., 1928. A diencephalic mechanism for the expression

Raine et al.(1998 where murderers were sub-
categorized according to the type of violenge.
premeditated or defensiyaffective). Affective-

murderers, compared with comparison subjects,

of rage with special reference to the sympathetic nervous
system. American Journal of Physiology 84, 490-513.

Bechara, A., Damasio, H., Damasio, A.R., 2000. Emotion,
decision making and the orbitofrontal cortex. Cerebral Cor-
tex 10, 295-307.

had decreased prefrontal glucose metabolism andBechara, A., Damasio, H., Tranel, D., Damasio, A.R., 1997.

a lower right hemisphere prefronfalubcortical
ratio.
In conclusion, this imaging study is the first to

examine a carefully defined population of domestic

Deciding advantageously before knowing the advantageous
strategy. Science 275, 1293-1295.

Berns, G.S., Cohen, J.D., Mintun, M.A., 1997. Brain regions
responsive to novelty in the absence of awareness. Science
276, 1272-1275.

violence offenders. Our results suggest that abnor-Berns, G.S., Sejnowski, T.J., 1996. How the basal ganglia

malities present in the structurgsuropathways

of DV-ALC may predispose them to acts of domes-
tic violence. Additional studies, involving a larger
number of perpetrators with and without a diag-

nosis of alcohol dependence, are indicated to

make decisions. In: Damasio, A., Damasio, H., Christen, Y.
(Eds), The Neurobiology of Decision Making. Springer-
Verlag, Berlin, pp. 101-113.

Besel, P., McKay, N., 1992. A method for registration of 3-D
shapes. IEEE Transactions of Pattern Analysis and Machine
Intelligence 14, 239-256.



D.T. George et al. / Psychiatry Research: Neuroimaging 130 (2004) 11-25

Bitler, D.A., Linnoila, M., George, D.T., 1994. Psychosocial
and diagnostic characteristics of individuals initiating
domestic violence. Journal of Nervous and Mental Disease
182, 583-585.

Brooks, R.A., DiChiro, G., Zuckerberg, B.W., Bairamian, D.,

Larson, S.M., 1987. Test-retest studies of cerebral glucose

metabolism using fluorine-18 deoxyglucose: validation of
method. Journal of Nuclear Medicine 28, 53-59.

Brown, G., Ballanger, J., Minichiello, M., Goodwin, F., 1979.
Human aggression and its relationship to cerebrospinal fluid
5-hydroxyindoleacetic acid, 3-methoxy-4-hydroxyphenyl-
glycol, and homovanillic acid. In: Sandler, MEd.), Psy-
chopharmocology of Aggression. Raven Press, New York,
pp. 131-148.

Carter, C.S., Macdonald, A.M., Botvinick, M., Ross, L.L.,
Stenger, V.A., Noll, D., Cohen, D.J., 2000. Parsing executive

processes: strategic vs. evaluative functions of the anterior

cingulate cortex. Proceedings of the National Academy of
Sciences of the United States of America 97, 1944-1948.

23

Grafman, J., Schwab, K., Warden, D., Pridgen, A., Brown,
H.R., Salazar, A.M., 1996. Frontal lobe injuries, violence,
and aggression: a report of the Vietnam head injury study.
Neurology 46, 1231-1238.

Graybiel, A.M., 1997. The basal ganglia and cognitive pattern
generators. Schizophrenia Bulletin 23, 459-469.

Graybiel, A.M., 1998. The basal ganglia and chunking of
action repertoires. Neurobiology of Learning and Memory
70, 119-136.

Hamilton, M., 1976. Development of a rating scale for primary
depressive illness. British Journal of Social and Clinical
Psychology 6, 278-296.

Hariri, A.R., Bookheimer, S.Y., Mazziotta, J.C., 2000. Modu-
lating emotional responses: effects of a neocortical network
on the limbic system. Neuroreport 11, 43—-48.

Jones, S.C., Alavi, A., Christman, D., Montanez, I., Wolf, A.P.,
Reivich, M., 1982. The radiation dosimetry off £F]fluoro-
2-deoxyglucose in man. Journal of Nuclear Medicine 23,
613-617.

Carter, C.S., Mintun, M., Cohen, J.D., 1995. Interference and Jueptner, M., Frith, C.D., Brooks, D.J., Frackowiak, R.S.J.,

facilitation effects during selective attention: ap¥ O PET
study of Stroop task performance. Neuroimage 2, 264—-272.
Cavada, C., Company, T., Tejedor, J., Cruz-Rizzolo, R.J.,

Passingham, R.E., 1997a. Anatomy of motor learning. II.
Subcortical structures and learning by trial and error. Journal
of Neurophysiology 77, 1325-1337.

Reinoso-Suarez, F,, 2000. The anatomical connections of Jueptner, M., Stephan, K.M., Frith, C.D., Brooks, D.J., Frac-

the macaque monkey orbitofrontal cortex. A review. Cere-
bral Cortex 10, 220-242.

Cohen, R., Semple, W., Gross, M., King, A., Nordahl, T.,
1992. Metabolic brain pattern of sustained auditory discrim-
ination. Experimental Brain Research 92, 165-172.

Comoli, E., Ribeiro-Barbosa, E.R., Canteras, N.S., 2000. Affer-
ent connections of the dorsal premammillary nucleus. Jour-
nal of Comparative Neurology 423, 83—98.

Davis, M., Rainnie, D., Cassell, M., 1994. Neurotransmission
in the rat amygdala related to fear and anxiety. Trends in
Nerurosciences 17, 208-214.

Devinsky, O., Morrell, M.J., Vogt, B.A., 1995. Contributions
of anterior cingulate cortex to behaviour. Brain 118,
279-306.

Elliot, R., Dolan, R.J., Frith, C.D., 2000. Dissociable functions
in the medial and lateral orbitofrontal cortex: evidence from
human neuroimaging studies. Cerebral Cortex 10, 308-317.

Fuchs, S.A., Edinger, H.M., Siegel, A., 1985. The organization
of the hypothalamic pathways mediating affective defensive
behavior in the cat. Brain Research 330, 77-92.

Garcia, R., Vouimba, R., Baudry, M., Thompson, R.F., 1999.
The amygdala modulates prefrontal cortex activity relative
to conditioned fear. Nature 402, 294-296.

George, D.T., Hibbeln, J.R., Ragan, P.W., Umhau, J.C., Phillips,
M.J., Doty, L., Hommer, D., Rawlings, R.R., 2000. Lactate-
induced rage and panic in a select group of subjects who
perpetrate acts of domestic violence. Biological Psychiatry
47, 804-812.

Goyer, P.F, Andreason, P.J., Semple, W.E., Clayton, A.H.,
King, A.C., Compton-Toth, B.A., Schulz, S.C., Cohen, R.M.,
1994. Positron-emission tomography and personality disor-
ders. Neuropsychopharmacology 10, 21-28.

kowiak, R.S.J., Passingham, R.E., 1997b. Anatomy of motor
learning. I. Frontal cortex and attention to action. Journal
of Neurophysiology 77, 1313-1324.

Koob, G.F., Roberts, A.J., Schulteis, G., Parsons, L.H., Heyser,
C.J., Hyytia, P., Merlo-Pich, E., Weiss, F., 1998. Neurocir-
cuitry targets in ethanol reward and dependence. Alcohol-
ism, Clinical and Experimental Research 22, 3-9.

LaPierre, D., Braun, C.M.J., Hodgins, S., 1995. Ventral frontal
deficits in psychopathy: neuropsychological test findings.
Neuropsychologia 33, 139-151.

LeDoux, J.E., 1994. Emotion, memory and the brain. Scientific
American 270, 50-57.

LeDoux, J.E., 1998. Fear and the brain: where have we been,
and where are we going? Biological Psychiatry 44,
1229-1238.

LeDoux, J.E., 2000. Emotion circuits in the brain. Annual
Review of Neuroscience 23, 155-184.

LeDoux, J.E., Cicchetti, P., Xagorasis, A., Romanski, L.M.,
1990. The lateral amygdaloid nucleus: sensory interface of
the amygdala in fear conditioning. Journal of Neuroscience
10, 1062-1069.

Li, X.F, Stutzman, G.E., LeDoux, J.E., 1996. Convergent but
temporally separated inputs to lateral amygdala neurons
from the auditory thalamus and auditory cortex use different
postsynaptic receptors: in vivo intracellular and extracellular
recordings in fear conditioning pathways. Learning and
Memory 3, 229-242.

MacDonald Ill, A.W.,, Cohen, J.D., Stenger, V.A., Carter, C.S.,
2000. Dissociating the role of the dorsolateral prefrontal and
anterior cingulate cortex in cognitive control. Science 288,
1835-1839.

Mazziotta, J.C., Phelps, M.E., 1986. Positron emission tomog-
raphy studies of the brain. In: Phelps, M.E., Schelbert, H.



24

(Eds), PET and Autoradiography: Principles of Applica-
tions for the Heart and Brain. Raven Press, New York, pp.
493-579.

McDonald, A.J., 1987. Organization of amygdaloid projections
to the mediodorsal thalamus and prefrontal cortex: a fluo-
rescence retrograde transport study in the rat. Journal of
Comparative Neurology 262, 46-58.

McDonald, A.J., 1998. Cortical pathways to the mammalian
amygdala. Progress in Neurobiology 55, 257-332.

Mega, M.S., Cummings, J.L., 1994. Frontal-subcortical circuits
and neuropsychiatric disorders. Journal of Neuropsychiatry
and Clinical Neurosciences 6, 358-370.

Middleton, FA., Strick, P.L., 2000a. Basal ganglia and cere-
bellar loops: motor and cognitive circuits. Brain Research
Reviews 31, 236-250.

Middleton, FA., Strick, P.L., 2000b. Basal ganglia output and
cognition: evidence from anatomical, behavioral, and clini-
cal studies. Brain and Cognition 42, 183-200.

Morgan, M.A., LeDoux, J.E., 1995. Differential contribution
of dorsal and ventral medial prefrontal cortex to the acqui-
sition and extinction of conditioned fear in rats. Behavioral
Neuroscience 109, 681-688.

Morgan, M.A., Romanski, L.M., LeDoux, J.E., 1993. Extinc-
tion of emotional learning: contribution of the medial
prefrontal cortex. Neuroscience Letters 163, 109-113.

Morris, J.S., Ohman, A., Dolan, R.J., 1998. Conscious and
unconscious emotional learning in the human amygdala.
Nature 393, 467—-470.

Mos, J., Kruk, M.R., Van Der Poel, A.M., Meelis, W., 1982.
Aggressive behavior induced by electrical stimulation in the
midbrain central gray of male rats. Aggressive Behavior 8,
261-284.

Ongur, D., An, X., Price, J.L., 1998. Prefrontal cortical
projections to the hypothalamus in macaque monkeys. Jour-
nal of Comparative Neurology 401, 480-505.

Ongur, D., Price, J.L., 2000. The organization of networks
within the orbital and medial prefrontal cortex of rats,
monkeys, and humans. Cerebral Cortex 10, 206-219.

Parent, A., Hazrati, L.-N., 1995. Functional anatomy of the
basal ganglia. I. The cortico-basal ganglia-thalamo-cortical
loop. Brain Research Reviews 20, 91-127.

Paus, T., 2001. Primate anterior cingulate cortex: where motor
control, drive and cognition interface. Nature Reviews in
Neuroscience 2, 417-424.

Perez-Jaranay, J.M., Vives, F.,, 1991. Electrophysiological study
of the response of medial prefrontal cortex neurons to
stimulation of the basolateral nucelus of the amygdala in
the rat. Brain Research 564, 97-101.

Pietrini, P., Guazzelli, M., Basso, G., Jaffe, K., Grafman, J.,
2000. Neural correlates of imaginal aggressive behavior

assessed by positron emission tomography in healthy sub-

jects. American Journal of Psychiatry 157, 1772-1781.
Raine, A., Buchsbaum, M., LaCasse, L., 1997. Brain abnor-
malities in murderers indicated by positron emission tomog-
raphy. Biological Psychiatry 42, 495-508.
Raine, A., Buchsbaum, M.S., Stanley, J., Lottenberg, S., Abel,
L., Stoddard, J., 1994. Selective reductions in prefrontal

D.T. George et al. / Psychiatry Research: Neuroimaging 130 (2004) 11-25

glucose metabolism in murderers. Biological Psychiatry 36,
365-373.

Raine, A., Meloy, J.R., Bihrle, S., Stoddard, J., LaCasse, L.,
Buchsbaum, M.S., 1998. Reduced prefrontal and increased
subcortical brain functioning assessed using positron emis-
sion tomography in predatory and affective murderers.
Behavioral Science and the Law 16, 319-332.

Risold, P.Y., Thompson, R.H., Swanson, LW, 1997. The
structural organization of connections between hypothala-
mus and cerebral cortex. Brain Research Reviews 24,
197-254.

Schall, J.D., 2001. Neural basis of deciding, choosing and
acting. Nature Reviews in Neuroscience 2, 33-42.

Schoenbaum, G., Chiba, A.A., Gallagher, M., 1998. Orbito-
frontal cortex and basolateral amygdala encode expected
outcomes during learning. Nature Neuroscience 1, 155-159.

Scott, S.K., Young, A.W., Calder, A.J., Hellawell, D.J., Aggle-
ton, J.P., Johnson, M., 1997. Impaired auditory recognition
of fear and anger following bilateral amygdala lesions.
Nature 385, 254-257.

Sebastian, R.J., 1983. Social psychological determinants. In:
Finkelhor, D., Gelles, R.J., Hotaling, G.T., Straus, M.A.
(Eds), The Dark Side of Families. Sage, Newbury Park,
CA.

Selzer, M.L., 1971. The Michigan Alcoholism Screening Test:
the quest for a new diagnostic instrument. American Journal
of Psychiatry 127, 1653—-1658.

Shaikh, M.B., Barrett, J.A., Siegel, A., 1987. The pathways
mediating affective defense and quiet biting attack behavior
from the midbrain central gray of the cat: an autoradiograph-
ic study. Brain Research 437, 9-25.

Siegel, A., Roeling, T.A.P., Gregg, T.R., Kruk, M.R., 1999.
Neuropharmacology of brain-stimulation-evoked aggression.
Neuroscience and Biobehavioral Reviews 23, 359—-389.

Skinner, H.A., Sheu, W.J., 1982. Reliability of alcohol use
indices: the lifetime drinking history and the MAST. Journal
of Studies on Alcohol 43, 1157-1170.

Sokoloff, L., Reivich, M., Kennedy, C., Des Rosiers, M.H.,
Patlok, C.S., Pettigrew, K.D., Sakurada, O., Shinohara, M.,
1977. The[*C]deoxyglucose method for measurement of
local cerebral glucose utilization: theory, procedure, and
normal values in the conscious and anesthetized albino rat.
Journal of Neurochemistry 28, 897-916.

Spielberger, C.D., Gorsuch, R.L., Lushene, R.D., 1970. Test
Manual for the State-Trait Anxiety Inventory. Consulting
Psychologists Press, Palo Alto, CA.

Spitzer, R.L., Williams, J.B.W.,, Gibbon, M., First, M.B., 1992.
The Structured Clinical Interview for DSM-III-RSCID). I:
History, rationale, and description. Archives of General
Psychiatry 49, 624—629.

StatSoft, Inc., 1994. STATISTICA for Windowévolume |-
I11). Tulsa, OK.

StatSoft, Inc., 1999. Statistica’99 Edition 5.5. Tulsa, OK.

Swanson, L.W,, 2000. Cerebral hemisphere regulation of moti-
vated behavior. Brain Research 886, 113-164.

Volkow, N.D., Fowler, J.S., 2000. Addiction, a disease of
compulsion and drive: involvement of the orbitofrontal
cortex. Cerebral Cortex 10, 318—-325.



D.T. George et al. / Psychiatry Research: Neuroimaging 130 (2004) 11-25 25

Volkow, N.D., Tancredi, L.R., Grant, C., Gillespie, H., Valen- Weinshenker, N.J., Siegel, A., 2002. Bimodal classification of
tine, A., Mullani, N., Wang, G.-J., Hollister, L., 1995. Brain aggression: affective defense and predatory attack. Aggres-
glucose metabolism in violent psychiatric patients: a prelim- sion and Violent Behavior 7, 237-250.
inary study. Psychiatry Research: Neuroimaging 61,

243-253.



	A select group of perpetrators of domestic violence: evidence of decreased metabolism in the right hypothalamus and reduced ...
	Introduction
	Methods
	Participants
	Imaging methods
	PET image registration and analysis

	Statistical analysis

	Results
	Results for [pklink,btype="none",dest="tbl1"]Table 1
	Results for [pklink,btype="none",dest="tbl2"]Table 2
	Results for [pklink,btype="none",dest="tbl3"]Table 3
	Results for [pklink,btype="none",dest="tbl4"]Table 4

	Discussion
	References


