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Hippocampal Structural Asymmetry in Unsuccessful
Adrian Raine, Sharon S. Ishikawa, Estibaliz Arce, Todd Lencz, Kevin H. Knuth, Susan Bihrle, Lori LaCasse,
and Patrick Colletti .
I Background: Structural and functional hipp wal abnormalities have been previously reported in institutionalized psychopathic
and aggressive popule This study d whether prior findings of a right greater than left (R L) functional asymmetry in
caught violent offenders generalize to the structural domain in unsuccessful, caught psychopaths.
Methods: Left and right hipp ipal voli were d using structural tic r imaging (MRI) in 23 control
subjects, 16 unsuccessful psychopaths, and 12 sful (i ight) ity psychopaths and transformed into standardized
space.
Results: Unsuccessful psychopaths showed an exaggerated str 1 hipp wpal try (R L) relative both to successful
psychopaths and control subjects (p .007) that was localized to the anterior region. This effect could not be explained by
envir tal and diagnosti ifounds and the first brain imaging is of sful and sful psychopaths.
Conclusions: Atypical anterior hipp pal ies in sful psychopaths may reflect an underlying neurodevelopmen-
tal abnormality that disrupts hipp wpal-prefrontal y, resulting in affect dysregulation, poor I fear conditioning,
and i itivity to cues predicting capture.
l Key Words: Hippocampus, psychopathy, MRI, trauma, neurodevel- imaging studies is broadly consistent with the larger body of
opment, asymmetry evidence from electroencephalographic (EEG) and neuropsy-
hologic studies implicating temporal lobe abnormalities in
tructural and functional brain imaging research is begin- violent and antisocial groups (Raine 1993: Volavka 1995). Be-
ning to uncover significant neurobiological impairments in cfmse i h‘l’l”“?‘l’ B8 1 TRDIRE 1 I i o § aggxes—
antisocial, violent, and psychopathic groups. Although the sion (Gregg.and Siegel 2001) l af‘d conte.xtnal cat condmfmmg
majority of these studies have implicated the prefrontal cortex (LeDoux 1996), abnormalities in the hippocampus and disrup-
there is increasing interest tion of prefrontal-hippocampal circuitry could contribute to
in the role of temporolimbic structures such as the hippocampus aiteck dyares '_ BUR R i i fiibshivibrilitae
in mediating antisocial and psychopathic behavior. At the gen- type observed in P’y chopaths
eral level of the temporal cortex, abnormal functioning has been A LR Srictuie And Nuctonharé aluo
ounila antlsoclal. violent, and psychopathic groups usmg been reponed In st.mctura.l terms one study found that 6 of 10
= e " ing (IMRI; R 200 violent fi with a di is of antisocial p mnality
single photon issi puterized graphy (SPECI‘, disorder lad: unil L hipp L phy with twice 28 many
o 06 frator ot al 199T: Soder- lateralized to the left than right henusphere  (Chesterman et al
- t al 2002) and . sy . (PEI" 994). In functional terms, one PET study showed a significant
; L i o sy y of hippocampal fi g in violent offenders, with
Mesial temporal cortical abnommlma have been observed in 41 1 howing reduced left but i d right hip-
———— 1 wi Y e
antisocial and violent groups using PET (Volkow et al 1995) v o i with 41 T sob=
More specifically, abnormalities in the hippocampus have been meu—w - 29 : Tlus effect wf’s a specific asy m.metx}:. that
reported in antisocial groups using PET.(Raine et al 1997), SPECT is, left hippocampal activity was relatively smaller than the right
(Sode t al 2002), and fMRI (Kiehl et al 2001), whereas rather than group differences occurring in either the left or right
' abnormal metabolism in the anterior amygdala-hippocampal hippocampus. This asymmetry could not be accounted for by a
complex has also been reported in repetitively violent offenders history of head injury. s“‘“l’“’y «Soderstrom et al (200) using
using (MRS; Critchley SPECT found an i duced left (but not right)
2000) l.nyaddition %o these rfunctiona.rlilmp ats, structural hippocampal activation and high psychopathy scores in violent
hippocampal impairments have also been reported in two stud- offenders. On the other hand, no structural imaging study has
ies of psychopathic individuals (1: al 2000, 2001), This tested the hypothesis that psychopaths have an 1 R L
evidence for temporal and hippocampal impairments from brain hippocaipal asymmeuy
Ab 1 lop has been hypothesized as a
Froas e Dei ent of Psychology (AR, SSI, EA, SB, LL) and Program in basis for antisocial, psychopathic behavior, but evidence sup-
Neuroscience (AR), University of Southern California, Los Angeles, Cali- P omn‘g this hypothesis is lmde' The. finding
fomia:T o 1(TL),HillsideHospital NorthShore-L of a hippocampal structural asymmetry in psychopaths in the
Istand Jewish Health System, Glen Oaks, New York; National Aeronautics same direction as'the R L functional kippocampal asymmetry
and Space Administration Goddard Institute for Space Studies (SB), New found in violent offenders would be of interest because such
York, New York; Department of Radiology (PC), University of Southern asymmetries may reflect an early disruption to normal neurode-
California School of Medicine, Los Angeles, California. velopmental processes (Bilder et al 1999) as opposed to a later
Address reprint requests to Adrian Raine, Department of Psychology, Uni- environmental process that would be more likely to reduce the
versity of Southern California, Seeley G. Mudd Building 501, Los Angeles hippocampus bilaterally, or reduce the volume in one hemi-
CA 90089-1061. sphere only. Al ively, b P ic stress disord
l/wwwgoogla,nu/semh?q%nch::bﬂLSCﬁCZnJ:www.hugimL ‘papers/hi psy .pdf dall Bpsychopaths&hl=no&ie=UTF-8 Page 1 of 7
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(Bremner et al 1997), early stress has been associated with
attenuated development of the left hippocampus (Teicher et al
2003), and psychopaths tend to be disprop ly exposed to
traumatic events such as child abuse (Robins 1999), abnormal
hippocampal structure could instead be accounted for by trauma
exposure or history of head injury. At a psychiatric level,

hizophrenia has been d with R L structural hip-
pocampal asymmetries (Keghavay et al 2002). and because there
is comorbidity between antisocial behavior and schizophrenia-
spectrum disorders (Volavka et al 1997), this also could be a
confound. :

Although hipp pal structural abnor in psycho-
paths are greatly underresearched, an even larger gap in the
literature is the almost complete lack of knowledge on an
intriguing group of “successful” psychopaths who escape detec-
tion for their crimes, d with “u ful” psych h
who are detected and convicted. One previous study has shown

that ful psychopaths lack the ic and

function deficits that have been traditionally shown by adult
institutionalized psychopaths, whereas “u ful” psycho-
paths show these intrinsic psychophysiologic and psycho-
logic impairments (Is) mkawa et al 200D Desplte this provisional
evidence for the diff i of ful and ful

psychopaths, there have been no prior brain imaging studies
assessing whether brain abnormalities are similarly specific to
unsuccessful psychopaths. Because the hippocampus is involved
in contextual fear conditioning (IeDoux 1996) antisocial indi-
viduals with hippocampal impairments could become insensitive
to cues that predict punishment and capture and consequently
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enforcement agency. The study and all its procedures were

pproved by the I 1 Review Board at the University of
Southern California.

We recruited 91 men into the study, of whom 84 received a

structural MRI scan. Group classification was based on total
scores from the Psychopathy Checklist—Revised (PCL-R; Hare
1991; described later), as well as history of criminal convictions
derived from statewide court records and lifetime self-report (for
full details, seg¢ Ishikawa et al 2001). Based on a neuroradiologic
screen conducted blind to group membership and before image
analysis, one participant was a priori excluded from the study
because of major atrophy to the right superior temporal gyrus
(Raine et al 2000). The final sample consisted of 12 successful
psychopaths (i.e., top third of PCL-R scores [23 or more] with no
convictions, mean PCL-R score 27.7, range 23-31), 16 unsuc-
cessful psychopaths (i.e., top third of PCL-R scores with convic-
tions, mean PCL~R score 31.5, range 23-40), and 23 control
subjects (i.e., bottom third of PCL-R scores and no convictions,
mean PCL-R score 10.9, range 2-14).

Psychopathy Assessment

Psychopathy was assessed with the PCL-R and supplemented
by five sources of collateral data (Ishikawa et al 2001). The PCL-R
consists of 20 items and reflects two factors: interpersonal and
affective characteristics (Factor 1, e.g., glibness or superficial
charm, pathologic lying, shallow affect) and antisocial behavior
(Factor 2, e.g., need for impulsivity, stimulation seeking or
P to boredom, juvenile delinquency). PCL-R ratings
were made by a clinical Ph.D. student trained and superv:sed by

be more likely to be apprehended. Consequently, hipp pal the first author (AR). The five collateral for
P may be d to ch ize ful psychopathy were 1) the Interpersonal Measure of Psychopathy
caught psychopaths, but not psychopaths who fully (IM-P; Kosson et al 1997), which provides an interviewer’s
evade detection. ratings of the participant's interpersonal behavnom and which has
This study attempts to extend prior findings of a R L been validated for use with i d and d
functional asymmetry in hippocampal functioning in caught, ples; 2) self: d crime as d by an adult extension
violent offenders to the same asymmetry in hippocampal struc- (Raine et al 2000) of the National Youth Survey self-report
ture in a ity-based sample of psychopaths. B all delinquency measure (Elliott ¢t al 1983): 3) official criminal
prior h 1 ab lities in psychopaths have been records; and 4) data derived from, and behavioral observations
observed in unsuccesst'ul caught offenders, and because the one made during, the Structured Clinical Interview for the DSM-IV
prior study of ul versus ful psychopaths ob- mental disorders (SCID I; Figst et al 1995a) and (5) the SCID Axis
served psychophysiologic and psychologic impairments in II personality disorders (SCID IT; First et al 1995b)
the latter but not the former group, it was hypothesized that any
lateralized ppocampal abnormality would be specific Diagnostic, Cognitive, and Demographlc Assessments
to nnsucces.'ifu] psychopafhs Prior trauma exposure, head injury, The SCID I and II were al red by a clinical Ph.D.
h pectrum disorder, and demographic factors were Htadeat-who ived sy 2 ¢ in SCID
also ”"ﬁ“‘d et yoictier any ppocawsl abucriuekiy was that included reliability checks with expert raters (Ventura et al
P sty 1998). Subjects also completed an alcobol use questionnaire to
assess number of times alcohol was used in the past week and
Methods and Materials past monthi(Raine ct al 2000), Because only 1 of 51 participants
met full DSM-IV diagnostic criteria for PTSD, a dichotomous
Participants variable was created indicating whether the individual had ever
Adult men were recruited from five temporary employment been exposed to a life-threatening event that left him feeling
agencies in the greater Los Angeles area (Raine et al 2000). fearful, helpless, or horrified (i.e., Criteria A of DSM-IV PTSD).
Participants were excluded if they were under 21 or over 45 years Similarly, a di ional of antisocial p ality was
of age, in English, cl phobic, or had a p 1< created as a more sensitive indi of antisocial tendency by
metal implants, or history of epilepsy. Qualified participants summating SCID scores on individual DSM-IV APD symptoms.
were informed of the nature of the study and of the study’s Subtests of the WAIS-R (Wechsler 1981) were used to estimate
potential risks and benefits and gave written, informed consent. verbal IQ (vocabulary, arithmetic, digit span), performance IQ
Before beginning data collection, a certificate of confidentiality (digit symbol, block design), and full scale IQ. Degree of right-
was obtained from the S ry of Health p to S versus left-hand preference was assessed using the abbreviated
303(a) of Public Health Act 42. Participants were assured that any Oldfield Inventory M with high scores indicating a
information they might provide about uninvestigated crimes ger p for right-handed: History of head injury
could not be subpoenaed by any United States court or law was defined as head trauma resulting in hospitalization. Details
www.elsevier.com/locate/biopsych
i//www.google.no/search?q=cache:b2IL3CfiCZoJ:www.huginn ‘pap ipp psych - pdf %62 Bpsychopaths&hl=no&ie=UTF-8
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of group scores on psy ic e, an interpol slice. slice volume was divi whole brain
f g psychiatri gniti d demographi interpolated slice. Each sli I divided by whole brai
I measures together with group comparisons are given in Table 1. volume to correct for individual differences in brain volume.
MRI Acquisition Data Analysis
St i ging of the hipp PAS s i = ' d u.fung Initial hypothesis testing was carried out using a 3 2 30
a 1.5-T Philips (S15/ACS) MRI scanner. Three-dimensional im- repeated-measures multivariate analysis of variance (MANOVA)
ages were reconstructed on a SPARC workstation, and segmen- = 5 e 5 =
comparing groups (i.e., control ul psychop
tation was performed using semiautomated software (CAMRA Gy ey < : :
: Leean i = ful psy on i (i.e., right, left hemi-
S200 ALLEGRO; Cedar Corp., ga, Ontario, sphere) and slice (1e 1-30). Anal in which hipp pal
Canada). The anterior i (AC- . .
slices were summated were carried out using a 3 (group) 2
PC) plane was identified through onchmxdsagmal and four (hemisphere) rep = MANOVA. Main effects for
PAISSAZIEA] scam' (apiiz el Thswel gited: 'epe‘mmf e tIRl; group and group interaction terms (i.e., group hemisphere,
600 msec; echo time [TE]‘.ZO msec). In mf" plan.e directly group hemisphere slice) were evaluated using Wilks's
onl'.lokgm:al to:he AC._-PC line, 128 three-dimensional T1- lambda. Omnibus tests were two-tailed with alpha set at .05, and
." iirigea iR s effect sizes were calculated using eta *. To maximize power while
3 flip angle, 2oiislice EokuEss 17 o BT 2564 protecting against type II error, the highest level slgmﬁcant effect
field of vision, 23 cm) were obtained. was followed up using the adjusted Bonf
Image Analysis (between group df 2) (family wise alpha .05) / (no.
Morph e of the K ~ore g pairwise tests 3) (Keppel 1991), Thus, alpha for all pairwise
v .
' using CAMRA 8200 ALLEGRO soﬁware All measurements were SO AL b
obtained by manual tracings performed by raters who were blind
to group membership. Bilaterally, the anterior border of hip- Results
pocampus was defined as the first slice in which the pes
Psychopathy G Analysit
hippocampus appeaxed just caudal to the amygdald (Altshuler et YERPATly SIOUD ol
1990: McNeil et al 2000). The posterior border was defined as The 3 2 30 repeated-measures ANOVA revealed a
the slice just rostral to where the crus of the fornix appeared as significant main effect of hemisphere [F(1,48) 14.25, p .0001]
a continuous tract or in which the lateral ventricle body joined indicating increased right relative to left (R L) hippocampal
with the temporal horn of the lateral ventricles (Bogerts et al volumes across subjects. A group hemisphere interaction
1990; Laakso et al 2000; also the posterior boundary of the [F(2.48) 3.9, p -02] indi d the hemisph e v
) Y M Ethe hipp p luded the hip- differed acmss. gn‘mps. w?lemas a significant group gt hemi-
pocampal body, dentate gyrus, uncus, fimbria, alveus, entorhinal sphere slice interaction [7(58,40) 212, p .007] indicated
cortex, and subiculum. The borders were defined by the sur- that group differences in laterality were localized within the
rounding white matter and cerebrospinal fluid, and, when hippocampus, The main effect for group was not significant
present superiorly, the amygdala, tail of the caudate, optic tract, [F(2.48) 53, p -59].
and lateral geniculate. Reliability of hippocampal volume mea- o betier (ocns the tollaw.#p asalyats ot (e tirecway
d by i e e R ion, a | lity index was puted by sub ing left
picked cases was .71. Whole brain volume was defined as all volume from right volume and dividing by total slice volume at
cerebral gray and white matter excluding the ventricles, pons, each slice. Laterality scores were then plotted by group. Visual
and cerebellum. The pons was excluded by drawing a straight inspection (see_Figure 1) indicated that group differences were
line between the two innermost points that form the superior localized to the anterior region of the hippocampus. Conse-
border. The colliculi were excluded when they were no longer quently, estimates of anterior and posterior hippocampal vol-
fied o the Ty [ M e umes were computed by summing slices 1-15 and 16-30,
i respectively, within the right and left hemispheres (i.e., right and
Hippocampal Interpolation Procedure left anterior hippocampal volumes, right and left posterior hip-
To assess whether group differences in volume are specific to pocampal volumes).
d hipp pal subregi (i.e., anterior, posterior), the Using 3 2 repeated-measures MANOVA, group differences
lice-by-slice hip 1 were transformed into in volume across h h were then sef ly tested for the
standardized space Cnblc spline interpolation (Press e al 1992) anterior and posterior hippocampus. The group hemisphere
was applied to the original data so that the total luppocampal interaction was significant for the anterior hippocampus [F(2,48)
volume for each subject, regardless of the original of 444, p 017, eta > .16] and gnificant for the p
slices, was reconfigured to fit into 30 slices. Interpolation was hippocampus [F(2,48) L71, p -19]. Bonferroni-corrected
conducted separately for the left and right hippocampus. The pairwise tests indicated that ful psychopaths, relative
volume of each interpolated slice was then calculated in two both to ful psychopaths and control had signif-
steps. First, the thick Tareach dardized slice was com- icantly increased laterality (R L) in the anterior hippocampus
puted using the following formula: [F(1,26) 7.80, p .01 and F(1,37) 6.14, p .018]; however,
successful psychopaths and control subjects did not differ
(original slice thickness 1.7 mm) [F(1,33) 29, p .60].
Subjects were classified ding to whether they showed a
(no. original slices)/(standardized no. slices 30 hippocampal asymmetry that was higher or lower than the mean
of the conu-ol subjects. A chi-square analysls indicated a signifi-
standardized slice thickness 1 T
cant p subject grouping and high—low later-
The area of each standardized slice was then multiplied by the ality score, 2 10.76, df 2,p .005, eta .46. Whereas
standardized slice thickness to obtain the volume for each 47.8% of control subjects and 41.7% of successful psychopaths
l www.elsevier.com/locate/biopsych
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I showed a relatively high R L hippocampal asymmetry, all but
one of the unsuccessful psychopaths, or 93.8%, showed an
exaggerated R L asymmetry.

To determine whether the laterality differences were being

I accounted for by an overall significant reduction in estimated left
volume or an overall signifi in esti d right
volume, a series of pairwise comparisons (Student’s # test) with
right or left anterior hippocampal volume as the dependent
variable were ducted. All parisons were ignificant
(ps .18), indicating that the laterality difference resulted from a

I combination of slightly decreased left and slightly increased right
hippocampal volume in the unsuccessful psychopaths relative to
the other two groups.

Potential Confounds
As shown in Table 1, groups differed or tended to differ (p
.10) on age, substance use, history of head injury, degree of
antisocial personality, trauma exposure, and schizophrenia-spec- Figure 1. Rightleft hipp pal | ity scores from interpolated slice

I trum disorder, with one or other psychopathy groups scoring volumes for the three groups. R, right; L, left.
higher on these measures. To assess whether any of these
variables met criteria as a medi of the psychopathy ior T e e, i
hippocampal relationship (Baron and Kenny 1986), relauonshlps oestul ey i iy b N v.mh disupton wojearly
Wice i these and anterior hippocam- morphogenesis })r normal brain ma'turauom A ne.nmdevelop-
pal asy ry. Correlational analyses with anterior hippocampal ment.al e of i l_ i Titlithel (et
laterality score were nonsigniﬁcénl for age (p .55), SES (p hat l.t o iscxsiats ey hfg:(t_»igfﬁlt 1993a, 1993b), unfold
.97), and antisocial score (12 .25). Repeated-measures MANO- rehuvel.y J i g 'Tl ree 4 i
VAS on left and right anterior hippocampal volumes and group- 1996), is impervious to ct'mf'enuonal uea.tment.s ('Rxce. L=
ing variables failed to reveal group hemisphere interactions for and Barbaree 1999), and is in part gemncany.determ{ned olax

I schizophrenia-spectrum (p .62), trauma exposure (p .24), M el e no OB ch-ange R T bosaire
Beadrinius (o 50), or substance use (p 7)) Consequently, in unsuccessful ps.ychn!:aths was .a rela.uvely complex R L
no measures on which groups differed passed criteria for medi- asyImeny alterano.n CEELH TS lfonde.velopmenml
ator satus. Forth within the fal peychopathy processes such as discrete trauma or degenerative disease pro-
group, anterior hippocampal asymmetry was not significantly S ) = L it

I correlated with the number of incarcerations (r 275, p 30), Th.e ip pocam.pal INEEAlICRIS Wereinos
indicating that the structural asy was not a consequence to envuomne,nfd influences such as tra\mta exposure, subst'ance
af degtes of institutionalization, us‘e, or' head injury, factors t.lm have previously been associated

with hippocampal abnormalities (Agartz et al 1999: Tate and

l Discussion Bigler 2000). Envuonmental msults such as these would tend to

result either in b I vol ductions of the h
Unsuccessful psychopaths have an exaggerated structural pus (DeBellis 2002) or in right hippocampal mducuons (Aganz et
asymmetry in the anterior hippocampus (R L) relative to both al 1999; Laakso el al 2000). It could be argued that other stressful
successful psychopaths and normal control subjects. These struc- environmental conditions such as abuse could affect the hip-

l tural hipp pal findings are with and extend prior pocampus, but groups in this study experienced similar rates of
functional findings of the same R L hippocampal asymmetry in hildhood physical punish and sexual abuse ([ghikawa et al
caught violent offenders during a cognitive activation challenge 2001), Thus, it seems unlikely that environmental factors would
(Raine et al 1997). This hippocampal abnormality cannot be produce the exaggerated asymmetry observed in the current

d for by confounds such as trauma exposure, schizo- study. This is instead suggestive of a more neurodevelopmental

l phrenia-spectrum disorders, head injury, substance use, and process underlying the structural asymmetry. Fnrthermore. al-

other demographic and behavioral confounds. Findings lend though R L hipp | structural asy i lized to
pport to a develop 1 model of ful psy- the anterior region have been found in both schizophrenia
chopathy (Raine et al 1995) and represent the first brain imaging subjects and the high-risk relatives of schizophrenia patients

| analysis of ful and ful psychopaths (Keshavan et al 2002; Pegues et al 2003), and although unsuc-

Atypical brain asymmetries are thought in part to reflect cessful psychopaths had higher rates of schizophrenia-spectrum

disrupted develop 1 p (Best_1988). Such dis- disorders than control subjects, such comorbidity could not

ruption probably occurs early in life because brain asymmetries for the h pal finding.

first emerge during fetal development (Best 1988), and the An important question concerns how hippocampal impair-

overall degree of structural change attributable to envi 1 ments predispose to ful psychopathy in particular. At a

influences is limited by early morphogenesis (Bilder et al 1999; general level, research in cats has shown that the luppocampus

Zaidel 1999). Developmentally, the R L structural asymmetry regulates nggressxon via proj to midbrain periaq 1

decreases somewhat with age in normal children (Szabo et al gray and the perif 1 lateral hypothal structures impor-

1999), and consequently the greater R L asymmetry in unsuc- tant in mediating both deft rage and p y attack

cessful psychopaths may reflect an interruption to this normal (Gregg and Siegel 2001). Aggressive male mice show size

devel Our findings of an exaggerated R L reductions in intra- and infrapyramidal mossy fiber terminal

Iuppocampal asymmetry suggest, but do not prove, that unsuc- fields in the hippocampus (Hensbroek et al 1995; Sluyter et al
I www.elsevier.com/locate/biopsych
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Table 1. D hic and Psychiatric M of the Three Groups
I Unsuccessful Successful
Psychopaths (UP) Psychopaths (SP) Controls (C) Group
(n 16 12 @ 23 isti Compari
Demographic/Cognitive M SD M SD M SD
I Age 3381 6.62 29.5 6.39 2835 6.63 F(2,48)3.38, p .04 CUP
Socioeconomic status 3181 7.40 30.67 10.65 37.36 10.54 F(2,49) 247, p .09
Q 96.44 14.69 97.25 13.18 105.09 1693 F(2,49) 1.8, p .18
Ethnicity Caucasian Other Caucasian Other Caucasian Other
l 5 1 6 6 14 9 '(2,51)332, p .19
Present Absent Present Absent Present Absent
Head injury 6 10 8 4 6 16 *(2,50) 5.08, p 08 CcspP
Right Left Right Left Right Left
Handedness 13 3 11 0 17 6 *@,51) 344, p .18
Psychiatric/Criminal Present Absent Present Absent Present Absent
Substance abuse/dependence 14 2 8 4 7 16 *(2,48) 23.0, p .0001 C SP,
up
APD 12 4 4 7 0 21 *(2,48) 23.0, p .0001 CUP,
SP
I Trauma exposure 7 9 0 12 6 17 *(2,51) 6.92, p .031 SP UP
Schizophrenia-spectrum disorder 5 1 3 8 1 21 *(2,49) 5.16, p 08 CUP
M SD M SD M SD
No. drinks/month 431 530 1.67 8.05 395 6.54 R2,47)135,p .27
APD score 1043 2.92 7.73 2:53 2.65 1.69 F(2,49) 554, p .0001 C UP, SP
I Y SP UP
Criminal charges 11.06 12.40 42 79 .09 42 F(2,48) 13.44, p .0001 C, SP UP
Criminal convictions 4.06 5.09 .00 .00 .00 .00 F(2,48) 11.18, p .0001 C, SP UP
Self-report crimes 26.50 17.00 19.27 839 8.68 434 F(2,48) 12.78, p .0001 C SP, UP
I All group comparisons are p .05,
"APD, Antisocial Personality Disorder.
1994), Furthermore, rats with hippocampal lesions applied at The anterior hippocampal asymmetries may be associated
birth but not at 18 weeks show increased aggressive behavior with ful psychopathy by signaling disruption to
(Becker et al 1999) agam snggwtmg a neurodevelopmental frontal-subcortical neural circuitry. In humans, the orbitofron-
link b hipp p lities and aggression. tal cortex likely exerts control over the anterior hippocampus
Normal hippocampal functioning is critical for the retrieval of hrough entorhinal-hipp pal projections (Pansky et al
I emotional memories and contextual fear conditioning (i.e., 1988: §.Dl§§ and Benson 1986) Whereas afferent connections
ing the situational context of previously experi- have been mapped between the subiculum and ventral,
enced avemsive events; Fanselow 2000: LeDoux 1996). Unsuc- dorsol 1, and rostral regions of the prefrontal cortex in
cessful psychopaths have repeatedly been found to show cats_(Scappell et al 1995). Animal research has also found that
poor fear conditioning (Patrick et al 1994), and hippocampal lesions to the septal-hippocampal-frontal system result in
impairments that disrupt learning the social context of a behavioral disinhibition and a hyp itivity to i di
previously punished response would make such offenders reward (Gorenstein and Newman 1980). Disruption to cir-
relatively insensitive to envi 1 cues signaling danger cuits involving the prefrontal cortex and hippocampus have
and cap In ful psychopaths who lack been implicated in both disrupted emotion regulation and
hippocampal impairments may have relatively normal con- anuaoc:al—aggresswe behavior, (l}g idson zgggg Davidson et
textual fear conditioning, making them more sensitive to cues 000; Hopt 2002; 2002; et al 20!
predicting cap Similarly, [eDoux (1996) has suggested whereas frontal and ive function deficits are frequently
that pling of the hipp pus from the amygdala identified in institutionalized psychopathic and antisocial
could result in the expression of ions that are inapp individuals (Moffitt 1993b; Raine et al 1998), Prior research
priate to the social context and also in poor insight into with the present sample has found that unsuccessful psycho-
ional states, a persp e i with clinical fea- paths di ive dysfuncti d with
tures of canght psychopaths. Interestingly, a PET study of successful psychopaths (Ishikawa et al 2001), and hippocam-
that ions activate the left pal abnormalities may be most likely to predispose to aggres-
but not right hlppoca.mp\ls (Lane et al 1997), a finding sive, inappropriate, and psychopathic behavior when com-
conceptually consistent with the notion that unsuccessful bined with prefrontal impairments that decrease behavioral
psychopaths have relatively reduced left hippocampal struc- inhibition. Disruption to pmfmntal luppocampal clrcmuy
ture and also reduced autonomic reactivity to a social- could therefore result in impulsive, disinhibi d
I 1 (Ishikawa et al 2001). and reward-driven antisocial behavior that is more pmne to
I Page 6
190 BIOL PSYCHIATRY 2004;55:185-191 A. Raine et al
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\ legal detection in the ful psychopath, but further work Best CT (1988): The emergence of cerebral ies in early human

is needed to verify such prefrontal involvement in unsuccessful development: A literature review and a neuroembryalogical model. In
psychopaths. Molfese DL, Segalowitz SJ, editors. Brain Lateralization in Children: Devel-

A.lthongh we found that environmental factors could not Bil d:_";;"w Iwmﬂfﬁjiw lY ok g‘:llfo:::fh:i;m A(1999:
explain the hippocampal asymmetry, and although it is possible Cerebml Vohia asymmemas in scmwpma and mood disordsseA
that the exaggerated R L asymmetry in unsuccessful psycho- ive magn ing study. Int J Psychophysiol
paths may have a genetic basis, environmental influences on 34:197-205.
neurodevelopment cannot be ruled out. Specifically, neonatal Bogens R S S B BT R

P to new envi in the first 3 weeks of life results d o p:somclllebls:blophn 'P I::nyR e

—— - i . images in €] 2 nia. Psyc es
BEME TR pooatitpal T yimibliy i P dieot ATt geMETT gt Bremner JD, Randall P, Vermetten E, Staib L (1997): Magnetic resonance
volume in rats (Verstyvpen et al 2001). It is therefore conceivable =

unagmg -based of pal volume in p

that very early environmental factors not measured in this study dtochildh ‘.‘ 45 lard Apclim-

could have contributed to the exaggerated hippocampal asym- inary report. Biol Psychiatry 41:23-32.

metry in unsuccessful psychopaths. Bryden MP (1977): M ing handedness with questionnaires. Neuropsy-
Despite support for the notion that unsuccessful psychopaths chologia 15:617-624.

differ from both their ful psychopathi parts and metenntm LP, Taylor PJ, Cox T Hill M (}99‘?): Multiple measures of cerebral

normal control subjects on hippocampal asymmetries, several b mostally ding CrimBeloy Mog

Health 4:228-239.

limitations should be noted. First, sample sizes were modest, thus Critchley HD, Simmons A, Daly EM, Russell A, van Amelsvoort T, Robertson

raising the risk of type II error; however, we were still able to DM (2000): Prefrontal and medial temporal correlates of repetitive vio-

detect structural abnormalities in laterality that are directionally lence to self and others. Biol Psychiatry 47:928-934.

consistent with our prior findings on asy ical hipp pal Davidson RJ (2000): Affective style, psychopathology, and resilience: Brain

fi joning in h isocial sample. S d, the finding }nﬁchanismsmdplasﬁci!y,m Psychol 55:1196—1?.144. .

cannot be extrapolated to women because only male subjects Dav:ds_on B, Pu\n»am B Lama‘ (2_000); Dysf\mcm'm e ne_um S

were included in this study. Third, there is only partial overlap Z;:i;;j:;:um Iogsticn = pOmBE fvine fo Voo Srieace

between the constructs of psychopathy, violence, and antisocial DeBellis‘-MD (2062)- Abuse and ACTH response to corticotropin rel

p ality disord quently it to be seen whether factor, Am J Psychiatry 159:1 57

these findings g lize to antisocial other than DolanM(1994): Psychof logicalperspective Br/Psychiatry

unsuccessful psychopathy. Fourth, the question of what factors 165:151-159.

predisp to ful forms of psychopathy requires further E.liu;tags, Ageton i,‘ rl:luizinga D, Knowleslz,?z;f;;’ R 151983”;:11}',& w:r;:-vknca

. Incidence of Deling Behavior: . Natiol (2 3

clarcaon Beally fthe dbyel Iy poticais mig Report No. 26, Boulder, CO: Behavior Research Institute. i

gested here could not be directly lested due to the use of an adult Fanselow MS (2000): C fear, gestalt jes, and the hipp

sample and the cross-sectional nature of the study. Nevertheless, pus. Behay Brain Res 110:73-81.

our results provide further support for the notion that successful First MB, Spitzer RL, Gibbon M, Williams JBM (1995a): Structured Clinical

and unsuccessful psychopaths are distinct subgroups with differ- Interview for DSM- IVA.n:I Disorders— Patient Edition (SCID-1/P, Version

ent autonomic, cognitive, and neuroanatomic deficits, provide 2.0).NewYork:Bi h NewYork sychi-
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