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Abstract

Psychopathy is a complex personality disorder that includes interpersonal and affective traits such as glibness, lack of

empathy, guilt or remorse, shallow affect, and irresponsibility, and behavioral characteristics such as impulsivity, poor

behavioral control, and promiscuity. Much is known about the assessment of psychopathy; however, relatively little is

understood about the relevant brain disturbances. The present review integrates data from studies of behavioral and cognitive

changes associated with focal brain lesions or insults and results from psychophysiology, cognitive psychology and cognitive

and affective neuroscience in health and psychopathy. The review illustrates that the brain regions implicated in psychopathy

include the orbital frontal cortex, insula, anterior and posterior cingulate, amygdala, parahippocampal gyrus, and anterior

superior temporal gyrus. The relevant functional neuroanatomy of psychopathy thus includes limbic and paralimbic structures

that may be collectively termed dthe paralimbic systemT. The paralimbic system dysfunction model of psychopathy is discussed

as it relates to the extant literature on psychopathy.
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1. Introduction

Psychopathy is a serious mental health disorder.

Psychopathy is believed to affect approximately 1%

of the general population, 15–25% of the male and

female prison population (Hare, 1991, 2003), and 10–

15% of substance abuse populations (Alterman and

Cacciola, 1991; Alterman et al., 1993, 1998). Over the

last 20 years, much has been learned about the

assessment and characterization of the forensic and

legal aspects of psychopathy. However, compared

with other psychiatric disorders of similar prevalence,

relatively little is known about the neural systems

implicated in psychopathy. This review will draw on

information from multiple disciplines, including

neurology, psychiatry, psychology, cognitive neuro-

science, psychophysiology, and epileptology. The

literatures will be integrated and a new model of the

functional neuroanatomy underlying psychopathy will

be presented. The review is offered in several parts.

First, the assessment and classification of psychopathy

is reviewed. The second part of the review will draw

upon indirect evidence from studies of how insults or

damage to regions of the brain may lead to symptoms

and cognitive abnormalities consistent with those

observed in psychopathy suggesting that these latter

circuits may be implicated in the disorder. The third

part of the review focuses on the cognitive and

affective neuroscience studies of psychopathy. Finally,

a new model of the functional neuroanatomy under-

lying psychopathy will be presented.
2. The construct and assessment of psychopathy

The modern concept of psychopathy can be traced

back to the psychiatrist Pinel (1792 as cited in

Cleckley, 1941), who labeled the condition dmadness

without deliriumT. This term was used to denote the

lack of morality and behavioral control in these

individuals that occurred despite the absence of any
psychotic symptoms or defects in intellectual func-

tion. In the 200 years that followed, the condition has

been through an evolution in terminology, but many

of the defining characteristics have remained un-

changed. These characteristics were most clearly

delineated, and the current diagnostic criteria estab-

lished, by the writings of the psychiatrist Hervey

Cleckley (1941). In his 40 years of clinical work,

Cleckley came to narrow the syndrome he called

psychopathy to 16 characteristics. Affectively, psy-

chopaths are callous, shallow, and superficial, and

they lack insight and empathy for the effect their poor

behavior has on others; behaviorally, psychopaths are

impulsive, nomadic, and have weak behavioral

control.

In subsequent years, Hare and colleagues oper-

ationalized and transformed Cleckley’s characteristics

into items on the Hare Psychopathy Checklist (Hare,

1980) and its successor, the Hare Psychopathy

Checklist-Revised (PCL-R; Hare, 1991, 2003). The

PCL-R is now the most widely accepted diagnostic

instrument for psychopathy. There is a substantial

literature attesting to the reliability and validity of the

PCL-R as a measure of psychopathy in incarcerated

offenders, forensic patients, psychiatric patients, and

substance abuse patients (see Hare, 2003, for a

review). The items on the PCL-R are listed in Table 1.

The PCL-R assessment is performed by reviewing

the participant’s institutional records, including intake

assessments, social worker assessments, and reports

of institutional adjustment and transgressions. A semi-

structured interview covering school adjustment,

employment, intimate relationships, family, friends,

and criminal activity is conducted. Explicit criteria

detailing each item are reviewed from the PCL-R

manual, and each item is scored on a three point scale:

0—does not apply, 1—applies somewhat, and 2—

definitely applies, to the individual. The resulting

scores range from 0 to 40, and the recommended

diagnostic cutoff for psychopathy is 30 (Hare, 1991,

2003). Interviews are typically video taped so that an



Table 1

The 20 items listed on the Psychopathy Checklist-Revised (Hare,

1991, 2003)

Item Two-factor

model

Four-factor

model

1 Glibness/superficial charm 1 1

2 Grandiose sense of self-worth 1 1

3 Need for stimulation 2 3

4 Pathological lying 1 1

5 Conning/manipulative 1 1

6 Lack of remorse or guilt 1 2

7 Shallow affect 1 2

8 Callous/lack of empathy 1 2

9 Parasitic lifestyle 2 3

10 Poor behavioral controls 2 4

11 Promiscuous sexual behavior – –

12 Early behavioral problems 2 4

13 Lack of realistic, long-term goals 2 3

14 Impulsivity 2 3

15 Irresponsibility 2 3

16 Failure to accept responsibility 1 2

17 Many marital relationships – –

18 Juvenile delinquency 2 4

19 Revocation of conditional release 2 4

20 Criminal versatility – 4

The items corresponding to the early two-factor conceptualization

of psychopathy (Harpur et al., 1988, 1989) and current four-factor

model are listed (Hare, 2003). The two-factor model labels are

Interpersonal/Affective (Factor 1) and Social Deviance (Factor 2)

and the four-factor model labels are Interpersonal (Factor 1),

Affective (Factor 2), Lifestyle (Factor 3), and Antisocial (Factor 4).

Items followed by a dash did not load on any factor.
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independent rating can be obtained. The total assess-

ment time typically ranges from 2 to 5 h, it is rigorous,

and training is required.

Early factor analyses of the PCL-R items revealed

two correlated factors (see Table 1; Harpur et al.,

1988, 1989). Factor 1 included items related to

emotional and interpersonal relationships. Factor 2

items reflected impulsive and antisocial behaviors.

This latter factor is most closely related to the

Diagnostic and Statistical Manual of Mental Disorders

(DSM-IV) classification of Antisocial Personality

Disorder (ASPD; American Psychiatric Association,

1994). It is important to note that ASPD has been

criticized for overly relying on antisocial behaviors,

while excluding many of the affective and interper-

sonal characteristics considered to be central to the

construct of psychopathy (Alterman et al., 1998; Hare,

1996; Hare et al., 1991; Hart and Hare, 1996; Widiger

et al., 1996). ASPD also has been questioned on
grounds of specificity in forensic populations (Hart

and Hare, 1996). Nearly 80–90% of inmates in a

maximum security prison fulfill the criteria for ASPD,

while only 15–25% score above the diagnostic

criteria for psychopathy. In addition, the diagnostic

confusion of psychopathy as putatively measured by

ASPD and the complex relationships of these con-

structs with substance disorders have led to consid-

erable confusion and hampered research efforts. It is

important to stress that proper psychometric assess-

ment of a condition is crucial, particularly when

trying to relate it to psychophysiological or cognitive

neuroscience data. The review below will largely be

constrained to studies that employed psychometric

measures consistent with the classic conceptualization

of psychopathy. That is, the preferred conceptualiza-

tion of psychopathy is a disorder that includes both

interpersonal and affective characteristics and deviant

behavior.

Recent psychometric analyses, using Item Re-

sponse Theory (IRT), of PCL-R scores from large

diverse multicultural samples have revealed a two-

factor four-facet model (see Table 1; Hare, 2003).

This model includes facets labeled, Interpersonal

(Factor 1), Affective (Factor 2), Lifestyle (Factor 3),

and Antisocial (Factor 4) (but see also Cooke and

Michie, 1997, for a three-factor model). There have

been few studies that have examined the neuro-

cognitive correlates of the factor models of psychop-

athy (Patrick et al., 1993, 1994; Raine et al., 2004;

Soderstrom et al., 2002; Sutton et al., 2002).

However, as in complex disorders such as schizo-

phrenia, relating specific symptom clusters to patterns

of cerebral activity may clarify the relevant brain

disturbances and help reconcile discrepant findings

(Liddle, 2001). It may be fruitful therefore to relate

psychophysiological and cognitive neuroscience

measures to the factors of psychopathy. A potential

problem with this method, however, is that the factors

of psychopathy are often strongly correlated, making

it difficult to relate neural correlates to the symptom

profiles.

In summary, research over the last 20 years has

made great strides in characterizing the psychometric

assessment and classification of psychopathy. The

classic conceptualization of psychopathy is a disorder

that includes both interpersonal and affective charac-

teristics and behavioral traits.



K.A. Kiehl / Psychiatry Research 142 (2006) 107–128110
3. Neurology and psychopathy

One way to examine the possible neural regions

implicated in psychopathic behavior is to draw from

studies of behavioral changes and cognitive impair-

ments associated with damage to specific brain circuits.

It is important to recognize that this method provides

only indirect evidence of the possible regions impli-

cated in psychopathic symptomatology; nevertheless,

some interesting and compelling data have accumulat-

ed. The most notable neurological case study is that of

the railroad worker Phineas Gage (Harlow, 1848).

Gage suffered penetrating trauma to the prefrontal

cortex (Damasio et al., 1994). He was transformed by

this accident from a responsible railroad manager to an

impulsive, irresponsible, sexually promiscuous, ver-

bally abusive individual (Harlow, 1848). Many of

Gage’s symptoms are consistent with those classically

associated with psychopathy.

Subsequent studies of patients with prefrontal lobe

damage suggest that the orbital frontal cortex plays a

role in mediating some behaviors related to psychop-

athy (Blumer and Benson, 1975; Damasio, 1994).

Damage to the orbital frontal cortex leads to a

condition termed dpseudopsychopathyT (Blumer and

Benson, 1975) or dacquired sociopathic personalityT
(Damasio, 1994) characterized by problems with

reactive aggression, motivation, empathy, planning

and organization, impulsivity, irresponsibility, insight,

and behavioral inhibition (Malloy et al., 1993; Stuss et

al., 1983). In some cases, patients may become prone

to grandiosity (Blumer and Benson, 1975) and

confabulation (Malloy et al., 1993; Schnider, 2001).

Recent studies suggest that bilateral damage to orbital

frontal cortex is necessary to elicit changes in social

behavior (Hornak et al., 2003). Moreover, patients with

gross, extensive damage due to stroke or closed head

injury are more likely to exhibit dacquired sociopathicT
symptomology than are patients with focal, circum-

scribed surgical lesions to orbital frontal cortex

(Hornak et al., 2003). These data suggest that some

aspects of psychopathic symptomatology may map

onto the (dys)function of orbital frontal cortex and

adjacent regions. However, the dpseudopsychopathyT
or dacquired sociopathyTmodel does not appear to fully

account for the constellation of symptoms observed in

psychopathy. For example, patients with orbital frontal

damage rarely show instrumental or goal-directed
aggression — a cardinal feature of psychopathy (Blair,

2001; Hare, 1993). Orbital frontal patients also do not

typically exhibit the callousness commonly observed

in psychopathic individuals. Similarly, patients with

dacquired sociopathyT, unlike psychopathic individu-

als, are characterized by lack of motivation, hoarding

behavior, mood disturbances, incontinence, and fail-

ure or inability to make long-term plans (Blumer and

Benson, 1975). Psychopathic individuals, on the other

hand, often enjoy making grandiose life plans — they

just fail to follow through with them.

Patients with orbital frontal lesions show impair-

ment on affective voice and face expression identifi-

cation tasks (Hornak et al., 1996, 2003), response

reversal or extinction (Blair and Cipolotti, 2000; Rolls

et al., 1994), and decision-making (Bechara et al.,

2000). The animal literature shows that lesions to

orbital frontal cortex impair inhibitory performance on

No Go trials of Go/No Go paradigms (Iversen and

Mishkin, 1970). Psychopaths have problems with

processing certain aspects of affective speech and face

stimuli (Blair et al., 1997; Kosson et al., 2002; Louth

et al., 1998). Psychopaths, under certain contextual

demands, also show poor response inhibition (Kiehl,

2000; Lapierre et al., 1995), response modulation

(Newman and Kosson, 1986; Newman et al., 1987,

1992; Newman and Schmitt, 1998) and more recently

response reversal (Mitchell et al., 2002). Boys with

psychopathic tendencies and adult psychopaths tend

to show impairments on the Bechara gambling test of

decision making (Blair, 2001; Mitchell et al., 2002),

though not all studies have found this effect (Schmitt

et al., 1999).

In summary, damage to the orbital frontal cortex

appears to be associated with some symptoms and

cognitive impairments that may also be found in

psychopaths. However, despite these apparent similar-

ities, no studies have actually explicitly investigated

how orbital frontal patients score on psychopathy

measures. Similarly, many of the studies of cognitive

function in psychopathy and orbital frontal patients

have used different cognitive tests, making inferences

between studies problematic. It is only recently that

identical tasks (i.e., response reversal) have been

examined in both orbital frontal patients and in

samples of psychopathic individuals (Mitchell et al.,

2002). Nevertheless, it appears that lesions to orbital

frontal cortex appear to elicit behaviors that most
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consistently map onto the Affective (Factor 2) and

Lifestyle (Factor 3) factors of the four-factor psychop-

athy model. These factors of psychopathy include

symptoms of impulsivity, irresponsibility, and stimu-

lation seeking as well as a general lack of empathy. In

some cases, orbital frontal patients’ symptomatology

may be similar to the Interpersonal items (Factor 1),

which include superficial charm, grandiose sense of

self-worth, and pathological lying. Thus, while the

dpseudopsychopathyT or dacquired sociopathyT model

appears to mimic some features of psychopathy, the

two disorders differ in many respects. This raises the

possibility that disturbances in brain regions other than

orbital frontal cortex may contribute to psychopathy.

Other brain regions that may be implicated in

psychopathy include the anterior cingulate. The ante-

rior cingulate is a multifaceted complex structure that is

commonly divided into at least two distinct functional

regions (Devinsky et al., 1995). The rostral aspect,

often termed the daffectiveT division, is known to be

involved in pain perception and affect regulation (Bush

et al., 2000). The caudal region, termed the dcognitiveT
division, is known to be involved with response

conflict, error monitoring, and task switching, among

other processes (Kiehl et al., 2000a). Selective lesions

to the anterior cingulate are rare, but when they do

occur, they tend to be related to emotional unconcern

(Mesulam, 2000), hostility, irresponsibility, and dis-

agreeableness (Swick, 2003). Recently, Hornak and

colleagues have shown that selective lesions to bilateral

anterior cingulate cortex produce disturbances in

personality functioning similar to those observed in

patients with orbital frontal lesions (Hornak et al.,

2003). In humans, anterior cingulate lesions lead to

perseveration (Mesulam, 2000), difficulties in affective

face and voice identification (Hornak et al., 2003), error

monitoring (Swick and Jovanovic, 2002; Swick and

Turken, 2002; Turken and Swick, 1999) and response

inhibition abnormalities (Degos et al., 1993; Tekin and

Cummings, 2002). Psychopathy has long been associ-

ated with perseveration (see review by Newman,

1998), apathy (Cleckley, 1941; McCord and McCord,

1964), difficulties in identifying some affective face

stimuli (Blair et al., 1997; Kosson et al., 2002), and

more recently, error monitoring (Bates et al., submitted

for publication) and response inhibition abnormalities

(Kiehl et al., 2000b; Lapierre et al., 1995). Studies also

have shown that the volume of the right anterior
cingulate is positively correlated with harm avoidance

(Pujol et al., 2002). Psychopaths are known to score

low on harm-avoidance measures (Hare, 1991). Thus,

it would appear that bilateral damage to the anterior

cingulate and/or orbital frontal cortex may lead to

symptoms and cognitive impairments similar to those

observed in psychopathy. The facets of psychopathy

that appear to map onto anterior cingulate dysfunction

include the Affective (Factor 2) and Lifestyle (Factor 3)

factors of the four-factor psychopathy model (Hare,

2003). These latter facets include symptoms of lack of

empathy, shallow affect, impulsivity, and irresponsi-

bility. These symptoms appear to be prevalent in

patients with anterior cingulate damage (Mesulam,

2000; Swick, 2003).

In addition to regions of the frontal cortex, regions in

the temporal lobe may be linked to some symptoms of

psychopathy. Damage to the medial temporal lobe in

general (Kluever and Bucy, 1938, 1939), and neural

tracts that pass through the amygdala in particular

(Aggleton, 1992), have long been associated with

emotional and behavioral changes in monkeys. These

changes include an unnatural propensity for approach

behavior or fearlessness and unusual tameness. Medial

temporal lobe lesioned monkeys also show excessive

fascination with objects, often placing them in the

mouth, and general hyperactivity and hypersexual

activity. This collection of behaviors has been termed

the Kluever–Bucy syndrome. Only a small minority of

humans with damage to bilateral amygdala exhibit the

full manifestation of the Kluever–Bucy syndrome,

while the majority developed less severe emotional

changes (Adolphs and Tranel, 2000). One case study

reported that bilateral amygdala damage due to

calcification associated with Urbach–Wiethe disease

may be related to mild antisocial behavior, including

rebelliousness, disregard for social convention, and

lack of respect for authorities (Adolphs and Tranel,

2000).

Detailed psychological and personality assess-

ments of patients with temporal lobe epilepsy suggests

a high incidence of psychopathic-like behavior.

Indeed, some studies have reported that pre-opera-

tively the prevalence of psychopathic-like behaviors is

as high as 70% of patients with anterior temporal lobe

epilepsy (Blumer, 1975; Hill et al., 1957). Structures

that are commonly implicated in temporal lobe

epilepsy include the amygdala, hippocampus, para-
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hippocampal gyrus, and anterior superior temporal

gyrus (temporal pole). Interestingly, removal of the

anterior temporal lobe appears to alleviate these

behavioral problems in the majority of cases. Hill

and colleagues (1957) reported that improvements in

personality functioning following temporal lobectomy

include reduced hostility and violence, more appro-

priate sexual behavior (e.g., reduced use of prostitutes

and sexual fetishes), increased warmth in social

relationships, and increased empathy (see also Hood

et al., 1983). Note that removal of the anterior

temporal lobe reduced the psychopathic symptoms,

suggesting that these behaviors might reflect patho-

logical activity or disruption in the circuits that

involve the anterior temporal lobes.

In a similar vein, elective amygdalotomies have

been performed on patients with severe aggressive

disorders. In general, studies suggest that bilateral

amygdalotomy reduces the severity and frequency of

aggressive behavior and helps to restore emotional

control (Bagshaw et al., 1972; Lee et al., 1988, 1998).

Amygdalectomized monkeys fail to show the heart

rate and respiratory components of the orienting

response, and their skin conductance responses are

markedly depressed (Bagshaw et al., 1972).

Cognitive studies of patients with amygdala dam-

age have revealed that these patients have difficulty in

processing certain classes of affective stimuli. The

right amygdala and adjacent medial temporal lobe

regions appear to be involved with face-processing

difficulties, particularly those associated with affective

states of withdrawal-avoidance (Anderson et al.,

2000). Patients with bilateral amygdala damage judged

unfamiliar individuals to be more approachable and

trustworthy than control subjects — especially for

faces rated as unapproachable and untrustworthy by

control subjects (Adolphs et al., 1998). Similarly,

bilateral damage to the amygdala is associated with

impairments in recognizing angry and fearful faces and

affective intonations (Scott et al., 1997).

The amygdala appears to be involved in extracting

emotional salience from linguistic stimuli (Anderson

and Phelps, 2001; Funayama et al., 2001; Isenberg et

al., 1999; Strange et al., 2000). Similarly, studies

suggest that the fear-potentiated startle during emo-

tional picture processing is dependent upon the medial

temporal lobe (Angrilli et al., 1996) as is fear-

potentiated startle during fear conditioning with verbal
stimuli (Funayama et al., 2001). The amygdala, in

particular on the left, appears to be implicated in

aversive conditioning (Bechara et al., 1995; Funayama

et al., 2001; LaBar et al., 1995). Imaging studies have

also linked the orbital frontal cortex to aversive

conditioning (Morris et al., 1998). In addition, as with

patients with orbital frontal damage, patients with

amygdala damage are also impaired on the Bechara

gambling test of decision making (Bechara et al.,

1999).

Psychopathy is associated with difficulties in

processing some face stimuli, particularly distress

(Blair et al., 1997) and disgust cues (at least when

using their left hands; Kosson et al., 2002). Distress

cues are believed to be involved in aversive condition-

ing and are thought to rely upon the amygdala (Blair,

1995). Processing of disgust cues is not believed to rely

upon amygdala; rather the relevant circuitry is thought

to be the anterior insular cortex (Phillips et al., 1997,

1998). Adult psychopaths (Williamson et al., 1991) and

children with psychopathic tendencies (Loney et al.,

2003) show reduced facilitation for processing emo-

tional words during affective lexical decision tasks.

These latter results suggest amygdala involvement in

psychopathy. Psychopaths also do not show the same

pattern of fear-potentiated startle during emotional

picture processing, supporting the notion of amygdala

(and orbital frontal) abnormality (Levenston et al.,

2000; Patrick et al., 1993; Sutton et al., 2002). This

latter effect appears to be particularly related to the

interpersonal and affective components of psychopathy

(Patrick et al., 1993; Sutton et al., 2002).

It appears that damage to the amygdala and

regions of the antero-lateral temporal lobe are

involved in certain symptoms of psychopathy,

including aggression, impulsivity and poor behavior-

al control, and empathy and emotional unconcern.

The psychopathy factor scores that appear to map

onto these regions include Affective (Factor 2),

Lifestyle (Factor 3) and Antisocial (Factor 4). These

factors include items that reflect empathy, shallow

affect, poor decision making, impulsivity, and

irresponsibility. It does not appear that medial

temporal lobe insults result in dpseudopsychopathicT
symptomatology similar to that observed in patients

with anterior cingulate and orbital frontal lesions.

It is noteworthy to mention that damage to other

regions of the frontal cortex (i.e., superior frontal or
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dorsolateral prefrontal), parietal cortex, or occipital

cortex, are not known to lead to behavioral symptoms

or cognitive abnormalities consistent with psycho-

pathy. Of note, damage to dorsolateral frontal cortex

classically leads to problems in the control, regulation,

and integration of cognitive functions. Patients with

dorsolateral prefrontal damage are often passive, and

they display poor attention and working memory

function. These functions do not appear to be

disrupted in psychopathy. Furthermore, patients with

dorsolateral prefrontal damage are not impaired on

affective face or voice identification tasks as are

psychopaths (Hornak et al., 2003).

In summary, studies of behavioral changes and

cognitive impairments associated with focal brain

damage suggest that the orbital frontal cortex, anterior

insula, and anterior cingulate of the frontal lobe and the

amygdala and adjacent regions of the anterior temporal

lobe are implicated in psychopathic symptomatology.
4. Neuropsychological test findings in psychopathy

Reviews of neuropsychological function in psy-

chopathy show no consistent relationship of standard

measures of IQ, visuospatial ability, memory, selective

attention, or simple motor control to psychopathy

ratings on the PCL-R (Hare, 1984, 2003). Thus, it

can be argued that traditional neuropsychological

assessment is not particularly sensitive to those

cognitive abnormalities that have been measured in

psychontal), parietal cortex, or occipital cortex, are not

known to lead to behavioral symptoms or cognitive

abnormalities consistent with psychopathy. It may be

possible, however, that neuropsychological informa-

tion such as IQ or other cognitive domains may provide

insight when examined in the context of psychopathy

factor scores instead of the total PCL-R score. For

example, Christian et al. (1997) found a correlation of

IQ to the impulsive/antisocial characteristics of chil-

dren with psychopathic tendencies, but not to the

affective and interpersonal characteristics. A recent

meta-analysis suggests that deficits in executive

functions can be detected in groups defined by high

levels of antisocial behavior (Morgan and Lilienfeld,

2000). This review found that performance on the

Porteus Maze test, a test of the integration of cognitive

and motor control, was particularly related to antisocial
behavior. However, this latter study was unable to

differentiate specific associations of neuropsycholog-

ical impairment to childhood conduct disorder or adult

psychopathy.
5. Abnormalities in neurocognitive function in

psychopathy

Using the PCL-R (or its predecessors) for assess-

ment, researchers have found that psychopathy is

associated with performance abnormalities in several

affective and cognitive domains. The extant psycho-

physiological and cognitive neuroscience literature on

psychopathy can be broadly classified into three

general areas: 1) language, 2) attention and orienting

processes, and 3) affect and emotion. Each of these

areas will be reviewed with particular attention to

studies that have used electrophysiology and brain-

imaging techniques. The findings from these areas

will be synthesized and the common threads in each

of the different cognitive domains will be linked to the

same functional neural architecture.
6. Language processes and psychopathy

Early research sought to identify impairments in

cognitive functioning by examining the relationship

between psychopathy and hemispheric lateralization

for language function (Day and Wong, 1996; Hare,

1979; Hare and Jutai, 1988; Hare and McPherson,

1984; Jutai et al., 1987; Raine et al., 1990). These

studies generally found that psychopathy appeared to

be related to abnormalities in the cerebral lateraliza-

tion for some language stimuli, particularly for

language functions of the left hemisphere.

In one of the first event-related potential (ERP)

language studies in psychopathy, Jutai et al. (1987)

observed a peculiar late positive wave occurring at

600 ms post-stimulus over left temporal lobe sites in

psychopaths’ waveforms for target stimuli (pho-

nemes) during a dual task procedure. It was suggested

that the result may indicate that psychopaths have

unusual lateralization of the cerebral hemispheres for

language function. Anomalous perceptual asymme-

tries in language and attention continue to be an area

of research in psychopathy, although it is not yet clear
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how these abnormalities might lead to psychopathic

behavior.

Subsequent research found that abnormalities in

language processes are most prevalent when psycho-

pathic individuals are required to perform tasks

involving semantic processing (Gillstrom and Hare,

1988; Hare and Jutai, 1988; Hare and McPherson,

1984). For example, Hare and Jutai (1988) observed

that psychopathic individuals made more errors than

did nonpsychopathic control participants in an abstract

semantic categorization task.More recently, Kiehl et al.

(1999a) examined psychopathic persons’ ability to

process abstract (e.g., justice) and concrete (e.g., table)

words during a lexical decision task and during an

abstract or concrete discrimination task. Consistent

with the hypothesis that psychopathic persons have

difficulty in processing abstract information, Kiehl et

al. (1999a) found that criminal psychopaths made more

errors than did criminal nonpsychopaths when they had

to classify word stimuli as abstract. Psychopaths also

failed to show the normal ERP differentiation between

concrete and abstract words. Kiehl et al. (1999a) also

found that psychopaths’ ERP waveforms to all

linguistic stimuli (all words and non-words) were

associated with a prominent late negativity maximal

over frontal midline sites (see Fig. 1).

Neuroimaging studies found that processing of

abstract words was associated with greater activity in

the right anterior superior temporal gyrus and

surrounding cortex than was processing of concrete

words (Kiehl et al., 1999c, 2004). These data suggest

that the behavioral and ERP abnormalities observed in

psychopaths for processing of abstract words during

the context of lexical decision tasks may be related to

the function of the right anterior temporal lobe. To

directly examine this hypothesis, Kiehl et al. (2004)

used fMRI to elucidate the abnormal functional

neuroanatomy in a group of criminal psychopaths

during performance of a concrete–abstract lexical

decision task. Consistent with hypotheses, psycho-

paths failed to show the normal pattern of hemody-

namic differentiation between abstract and concrete

stimuli in the right anterior temporal lobe. Indeed, the

right anterior superior temporal gyrus failed to activate

during processing of abstract words relative to base-

line, suggesting that this brain region is functionally

impaired in psychopaths— at least during performance

of lexical decision tasks (Kiehl et al., 2004).
Abnormalities in language processing to emotional

stimuli have also been observed in psychopathic

individuals. Day and Wong (1996) found that

psychopathic individuals did not show the same

hemispheric laterality in behavioral performance as

did control participants for processing negatively

valenced word stimuli. Psychopaths have difficulty

attributing guilt to the characters in a story passage

(Blair et al., 1995). Similarly, when asked to identify

the emotion of the speaker based on prosody,

psychopaths appear to be impaired in the recognition

of fearful vocal affect (Blair et al., 2002). Psycho-

paths also have difficulty categorizing emotional

metaphors (Herve et al., 2003). Evidence for abnor-

malities in language processing also comes from

analyses of the speech of psychopathic individuals.

Psychopathic individuals do not express differential-

ly, in voice analyses, affective and neutral words

(Louth et al., 1998).

Williamson et al. (1991) studied psychopaths

during performance of an emotional lexical decision

task. Studies have shown that healthy control

participants respond faster and more accurately to

letter strings that form emotional words (positive and

negative in affect) than letter strings that form neutral

words (Graves et al., 1981). Williamson et al. found

that psychopaths failed to show any difference in

reaction time between emotional and neutral words.

Psychopaths failed to show the normal ERP differ-

entiation between emotional and neutral words, while

criminal nonpsychopaths showed the expected ERP

differentiation. Williamson et al. concluded that these

data support the hypothesis that psychopaths have

difficulty processing affective stimuli in the linguistic

domain. Studies of patients with brain damage and

functional brain-imaging studies have linked the

amygdala and the anterior and posterior cingulate

with affective word processing (Anderson and

Phelps, 2001; Isenberg et al., 1999; Maddock and

Buonocore, 1997).

Using single photon emission computed tomog-

raphy (SPECT), Intrator et al. (1997) found that

psychopathic individuals showed greater activation

for affective than for neutral stimuli bilaterally in

temporo-frontal cortex. This latter effect was not

predicted and was interpreted post hoc as supporting

the notion that psychopaths may require more

cognitive resources to process and evaluate affective
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Fig. 1. Illustration of event-related potential (ERP) data from studies in criminal psychopaths depicting the late ERP negativities observed during

a motor preparation task (Forth and Hare, 1989), an emotional lexical decision task (Williamson et al., 1991), a concrete/abstract lexical decision

task (Kiehl et al., 1999a), a concrete/abstract discrimination task (Kiehl et al., 1999a), an emotional polarity discrimination task (Kiehl et al.,

1999a), a visual oddball task (Kiehl et al., 1999b), an auditory oddball task (Kiehl et al., in press-a), and a Go/No Go response inhibition task

(Kiehl et al., 2000b). All figures are adapted to approximately the same time scale and amplitude (negative plotted up), and are from frontal or

central electrode sites. eCNV=early contingent negative variation.
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stimuli than do comparison subjects (Intrator et al.,

1997). An alternative hypothesis, albeit speculative,

is that psychopaths tend to recruit alternative brain

regions to process affective material than do non-

psychopathic control participants, presumably be-

cause the brain regions normally engaged in

processing emotional stimuli are dysfunctional in

psychopaths. It is important to note that Intrator et al.
only reported data from a single axial slice of cortex,

raising the possibility that other brain regions may be

implicated in the disorder.

Another interesting finding from the ERP data of

Williamson et al. (1991) was that psychopaths’ ERPs

to all linguistic stimuli (positive, negative, neutral

words and pseudowords) were characterized by a

prominent late negativity at 500 ms (N500) post-
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stimulus at frontal and central electrode sites (see

Fig. 1). Williamson et al. offered two possible

explanations for the psychopaths’ N500 finding.

First it was suggested that because the task employed

required a Go/No Go decision, it was possible that

the prominent N500 of the psychopaths was related

to poor response inhibition. However, Kiehl et al.

(1999a) reported that psychopaths exhibited a large

centro-frontal negative wave with latency about 350ms

during three different language tasks, all of which

employed a Go/Go design (see Fig. 1). Moreover,

other studies have observed fronto-central ERP

negativities in psychopaths to Go trials but not

during No Go trials during a response inhibition

study (Kiehl et al., 2000b). It is unlikely therefore

that the abnormal late fronto-central negative waves

exhibited by psychopaths can be attributed entirely to

difficulties in response inhibition. While both Wil-

liamson et al. (1991) and Kiehl et al. (1999a) used

tasks that demanded linguistic processing, the late

negative wave in both studies was elicited for all

word types [i.e., positive, negative, and neutral words

in Williamson et al. (1991); concrete and abstract

words (Tasks 1 and 2) and positive and negative

words (Task 3) in Kiehl et al. (1999a)], raising the

possibility that it is independent of stimulus content.

Based on similarities in the morphology and

topography of the psychopathic individuals’ N350

(Kiehl et al., 1999a) and N500 components (William-

son et al., 1991), Kiehl et al. (1999a) suggested a

possible explanation for the functional significance of

these components. The tasks employed by Williamson

et al. (1991) and Kiehl et al. (1999a) both involved

lexico-semantic processing and required a concurrent

behavioral response. Thus, in the 300–600 ms after a

word stimulus is presented, both semantic and

decision-making processes are engaged and will elicit

overlapping ERP components of opposite polarity. In

general, presentation of a word stimulus in the absence

of any online task demands will elicit a large ERP

negativity in the 300- to 500-ms time window (N4 or

N400) rather than an ERP positivity. Thus, one

interpretation of the psychopaths’ fronto-central ERP

negativities offered by Kiehl et al. (1999a) and

Williamson et al. (1991) was that they may be related

to an abnormally large N400. To the extent that the

amplitude of the N400 reflects cognitive operations

involved in processing the semantic meanings of
words, these data are consistent with the hypothesis

that psychopathy is associated with abnormal seman-

tic processing. That interpretation is strengthened by

the fact that abnormally large N400s have been

reported in other psychopathological conditions with

conceptual and empirical links to psychopathy (Niz-

nikiewicz et al., 1997). Studies from intracranial

recordings and from event-related fMRI have shown

that the putative generators underlying the N400

include both infero-medial and lateral temporal lobe

structures (Kiehl et al., 2002; McCarthy et al., 1995).

Functional abnormalities have been observed in these

structures in psychopaths during language and cogni-

tive tasks (Kiehl et al., 2004; Intrator et al., 1997).

Thus, at first glance, there is considerable evidence

that the late fronto-central ERP negativities observed

in psychopaths during linguistic tasks may be related

to abnormally large N400s. However, one study

examining the N400 component in psychopaths

during performance of a classic sentence-processing

task (Kutas and Hillyard, 1980) failed to find any

evidence for abnormalities (Kiehl et al., in press-b).

Thus, the N500 and N350 abnormalities observed in

psychopaths do not appear to be related to the

processes associated with the generation of the N400

component. This conclusion is tentative however,

pending further research.

In summary, studies of language processes suggest

that psychopathy is associated with abnormalities in

processing semantic and affective material. These

abnormalities appear to be greatest when psychopaths

are processing abstract stimuli and emotional stimuli.

Processing of abstract word stimuli during lexical

decisions tasks is believed to rely upon the right

anterior superior temporal gyrus. Processing of emo-

tional word stimuli appears to rely upon the anterior

and posterior cingulate and the amygdala. Thus, the

extant language literature suggests that reduced

activity is observed in psychopaths during language

processing in the right anterior superior temporal

gyrus, amygdala, and anterior and posterior cingulate.
7. Attention and orienting processes in

psychopaths

Studies of attention and orienting can be traced

back to the earliest days of psychophysiological
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research in psychopathy. In a classic study, Lykken

(1957) found that psychopathic individuals [defined

by ratings on Cleckley (1941) criteria] failed to show

conditioned autonomic increases in skin conductance

in an aversive conditioning paradigm using electric

shock (Lykken, 1957). Dozens of studies examining

the relationship between psychopathy and peripheral

measures of autonomic nervous system functioning

followed this study. These studies included examina-

tion of resting levels of skin conductance and heart

rate as well as psychophysiological changes associated

with punishment, classical conditioning, and process-

ing of noxious and appetitive stimuli. However, these

early studies failed to produce reliable results and

were widely criticized on procedural and methodo-

logical grounds. The most common criticisms levied

against this literature were that a wide variety of

procedures were used to assess psychopathy, many

with dubious validity, and no consensus was reached

on how to best measure or quantify peripheral

measures of autonomic function (Hare, 1978). Fortu-

nately, some general conclusions can be drawn from

the body of data that addressed the methodological

issues. Studies largely found that psychopathic

individuals tended to show lower basal levels of skin

conductance and to exhibit smaller changes in skin

conductance under a wide variety of experimental

manipulations compared with nonpsychopathic

inmates. In particular, psychopaths tended to show

relatively small skin conductance changes to other-

wise noxious stimuli, such as loud tones (Hare et al.,

1978), insertion of a hypodermic needle (Hare, 1972),

and slides of mutilated faces (Mathis, 1970). Psycho-

paths also failed to show normal skin conductance

increases in anticipation of receiving painful stimuli

(Hare, 1965; Hare and Quinn, 1971). Veit et al.

(2002) showed that psychopaths, relative to controls,

had reduced hemodynamic activity in orbital frontal

cortex, anterior cingulate, and amygdala during an

aversive conditioning study (Veit et al., 2002).

Psychopaths did show transient hemodynamic activ-

ity in the amygdala, but this effect was small

compared with that observed in healthy controls. It

should be noted, however, that only four psychopath-

ic individuals participated and apparently only one or

two met the criteria for psychopathy (i.e., PCL-R

score greater than 30). Also, it appears that this latter

study used within-subject or fixed effects statistical
analyses that limit the inferences that can be drawn to

that of a case study.

The hippocampus is also believed to be involved in

aversive conditioning. One study has reported a

negative correlation between psychopathy scores and

dorsal hippocampal volumes in violent offenders co-

morbid with alcoholism (Laakso et al., 2001). Laakso

et al. (2001) studied 18 violent male offenders with a

history of alcoholism and found that there was a strong

negative correlation between dorsal hippocampal

volume and PCL-R scores. This latter effect appeared

to be stronger for Factor 1 scores (interpersonal/

affective) than for Factor 2 scores (impulsive/behav-

ioral). The data were interpreted as support for the

model that hippocampal dysfunction may be impli-

cated in the poor aversive learning and acquisition of

conditioned fear that characterizes psychopathy.

Recently, Raine et al. (2004) found that unsuccessful

psychopaths (individuals with a history of incarcer-

ation) compared with dsuccessfulT psychopaths (indi-
viduals without a history of incarceration) and healthy

controls had abnormal asymmetry in the anterior

hippocampus. These data were interpreted as support

for a neurodevelopmental perspective on psychopa-

thy. This study was the first brain-imaging work to

compare dunsuccessfulT to dsuccessfulT psychopaths.

However, it appears that there were few individuals

with PCL-R scores above the diagnostic cutoff (30 on

the PCL-R) for psychopathy (Raine et al., 2004).

Thus, it remains to be determined if the results would

generalize to individuals (successful or unsuccessful)

with high scores on the PCL.

This collection of abnormalities suggests that

psychopaths have difficulty in fear conditioning, are

relatively lacking in fear, and do not respond well in

classical conditioning paradigms with punishment

contingencies. An alternative interpretation, first

proposed by Hare (1968), is that these results suggest

abnormalities in orienting processes. That is, in all the

psychophysiological studies listed above, an orienting

response would be elicited by the salient cues or

stimuli. The canonical orienting response is associated

with concert of peripheral and neuronal changes,

including skin-conductance increases, heart-rate

decreases, and blood-pressure modulation. Sokolov

(1963) is largely credited with describing the myriad

of experimental conditions under which orienting

processes are engaged. In general, unpredictable,
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novel, or task-relevant salient stimuli, broadly de-

fined, will lead to an orienting response (Sokolov,

1963). Indeed, Hare has suggested that deficient or

abnormalities in orienting processes might be a

fundamental aspect of psychopathy (Hare, 1978).

ERP studies have been used to study aspects of the

orienting response for many years in health and

psychopathology. Processing of novel and salient

(target) stimuli known to elicit an orienting response

has often been studied in the context of doddballT
paradigms. In a typical oddball paradigm, low-

probability, task-irrelevant novel and low-probability,

task-relevant target stimuli are presented against a

background of frequent or standard stimuli. Both

novel and target stimuli are associated with a

sequence of electrical components, the most promi-

nent of which is a large broadly distributed positive

wave termed the P3 or P300. Novel stimuli elicit a P3

with a fronto-central maximum that has an earlier

latency than the parietally distributed P3 elicited by

salient or target stimuli. The P3 elicited by novel and

target stimuli are believed to be related to processes

involving attentional capture, allocation of cognitive

resources, and contextual updating — all components

linked to dorienting processesT.
There have been 10 ERP studies on psychopathy

defined according to PCL or PCL-R scores (Flor et al.,

2002; Forth and Hare, 1989; Jutai and Hare, 1983;

Jutai et al., 1987; Kiehl, 2000; Kiehl et al., 1999a,b,

2000; Raine and Venables, 1988; Williamson et al.,

1991). Nine studies have reported information about

P3s in psychopathy, although only five studies used

paradigms in which the salience of stimuli was

manipulated in a manner expected to elicit a canonical

P3 response (Jutai et al., 1987; Kiehl, 2000; Kiehl et

al., 1999a, 2000b; Raine and Venables, 1988).

Jutai et al. (1987) found no significant difference

between psychopaths and nonpsychopaths in the

amplitude or latency of the P3. In contrast, Raine

and Venables (1988) reported that the amplitude of

parietal P3 to visual target stimuli elicited during a

continuous performance task was greater in psycho-

paths than in nonpsychopaths. More recently, studies

have shown that the P3 elicited during visual and

auditory oddball tasks is slightly smaller over frontal,

central and parietal sites in psychopaths than in

nonpsychopaths (Kiehl, 2000; Kiehl et al., 1999a).

Similar effects were observed in psychopaths during
performance of a response-inhibition task (Kiehl et al.,

2000b). In the remaining studies that reported

information about P3, there was little evidence

indicating that P3 amplitude was abnormal in psy-

chopaths. However, these latter studies did not use

paradigms that manipulated the salience of the stimuli.

Thus, of the studies that have manipulated the

salience of the stimuli in a manner expected to elicit a

P3 response, one reported a null finding (Jutai et al.,

1987), one reported enlarged P3 responses in psycho-

paths (Raine and Venables, 1988), and three studies,

from independent samples, reported reduced P3

responses in psychopaths (Kiehl, 2000; Kiehl et al.,

1999a, 2000b). Thus, it is not clear whether the P3 is

abnormal in psychopaths. However, perhaps more

interesting and illuminating than the P3 in psychop-

athy is that there were a number of other ERP

abnormalities observed in psychopaths during pro-

cessing of salient task-relevant target stimuli.

Recall that psychopaths’ ERPs elicited by linguis-

tic stimuli were characterized by an abnormal late

negativity that was maximal over frontal and central

sites (Kiehl et al., 1999a; Williamson et al., 1991). In

the studies that have required online decision-making

but made no explicit demands on linguistic processing

(and have recorded from frontal electrode sites), late

ERP negativities have also been observed in psycho-

paths (Kiehl, 2000; Kiehl et al., 1999a, 2000b). In two

visual (nonlinguistic) target-detection tasks, psycho-

paths’ waveforms were characterized by a late ERP

negativity in the 300- to 500-ms time window (Kiehl

et al., 1999a, 2000b). This ERP negativity was similar

in morphology and topography to those observed in

previous language tasks in psychopaths (see Fig. 1).

In the auditory modality, Kiehl et al. (in press-a) also

found that psychopaths had a larger N2b and smaller

P3 components than did nonpsychopaths. Similarly,

Forth and Hare (1989) reported that the early

contingent negative variation (CNV), which occurs

at 300–800 ms post-stimulus, was abnormally large in

psychopaths relative to nonpsychopaths at frontal sites

(see Fig. 1). In the task used by Forth and Hare, the

stimulus that elicited the early CNV was highly salient

as participants had to prepare to make a fast finger

movement following the stimulus. It is therefore

plausible that an alternative explanation for the

presence of the large early CNV is that this waveform

is similar to that found in oddball and language tasks.



K.A. Kiehl / Psychiatry Research 142 (2006) 107–128 119
This interpretation is strengthened by the fact that the

early CNV is similar to the late ERP negativities in

psychopaths in both the temporal envelope and scalp

topography.

In summary, studies have shown that psychopathy

is associated with late fronto-central ERP negativities

for a variety of stimuli. These abnormal ERP wave-

forms have been elicited by word stimuli (Kiehl et al.,

1999a; Williamson et al., 1991), salient cues (Forth

and Hare, 1989), simple visual stimuli (Kiehl et al.,

1999b, 2000b), and task-relevant auditory stimuli

(Kiehl et al., in press-a). Indeed, every study that

has reported ERPs from frontal electrode sites to

salient task-relevant stimuli in a well-defined group of

psychopaths has observed a late ERP negativity that

was larger in psychopaths than in nonpsychopaths.

The consistency of these results is illustrated in Fig. 1.

At least one common thread in these paradigms is that

each is associated with orienting processes. Thus, a

plausible interpretation for the functional significance

of the fronto-central ERP negativities in psychopaths

is that they are related to abnormal orienting

processes. However, the neural systems implicated

in these processes in psychopathy are still unclear.

The ERP data, from the oddball task in particular,

have yielded precise information about the temporal

stages of information processing in psychopaths.

Studies have shown that ERP differences between

psychopaths and nonpsychopaths emerge as early as

200 ms post-stimulus with the psychopaths’ enlarged

N2b at frontal sites. The psychopaths’ enlarged N2b is

followed by a slightly smaller, broadly distributed P3

component and punctuated by the appearance of a late

fronto-central negativity that is several times larger

than that observed in nonpsychopaths. It is temping to

infer from the ERP data that the neural generators

associated with these abnormal components are

located in frontal brain regions — since the topogra-

phy of the scalp-recorded ERP are maximal over

frontal electrode sites. However, localizing ERP

generators, particularly those occurring in later time

windows, is problematic. Determining the neural

generators underlying scalp-recorded ERPs is referred

to as the dinverse problemT and there are an infinite

number of combinations of electrical sources that

could lead to the recordings observed at the scalp.

This is particularly true for localizing late components

of the oddball task (Halgren and Marinkovic, 1996;
Halgren et al., 1998). However, there are several

additional avenues available to explore the neural

systems underlying processing of salient stimuli. A

better understanding of which systems are engaged in

processing oddball stimuli might lead to a better

understanding of the neural circuits that are abnormal

in psychopathy.

One of the first methods used to investigate the

potential generators underlying the processing of

salient or oddball stimuli was to record ERPs in

patient populations with localized brain insults. The

main tenet here is that if the circuits involved in

salient stimulus processing are damaged, it should

lead to observable abnormalities in the scalp-recorded

ERPs. These studies found that frontal, temporal,

parietal, and limbic structures are engaged during

processing of oddball stimuli (see review by Soltani

and Knight, 2000). Interestingly, in patients with

temporal lobe damage, several studies found clear

evidence for fronto-central ERP negativities during

processing of salient target stimuli in oddball para-

digms (Johnson, 1993; Yamaguchi and Knight, 1993).

Yamaguchi and Knight (1993) found that patients

with temporal lobe damage, relative to controls or

patients with parietal lobe damage, had enlarged N2b

components, smaller P3 components, and late fronto-

central negativities (see Fig. 2). Similar effects were

observed in epilepsy patients following resection of

the anterior medial temporal lobe (amygdala and

anterior superior temporal gyrus) for the treatment of

intractable epilepsy (Johnson, 1993). Paller and

colleagues (1988) have also shown that fronto-central

ERP negativities are elicited by auditory oddball

stimuli in monkeys following temporal lobe lesions

(Paller et al., 1988, 1992). These data suggest that

enlarged N2b, reduced P3, and late negativity at

frontal sites elicited during processing of oddball

stimuli appear to be characteristic of patients with

temporal–limbic damage and criminal psychopaths

(see Fig. 2 for comparison). Thus, it would appear that

the most parsimonious interpretation for the late ERP

negativities observed in psychopaths during process-

ing of task-relevant salient stimuli is that they appear

to be an electrophysiological signature of temporal–

limbic brain abnormalities. It is temping to conclude

that these ERP components are linked to problems

with orienting processes. Studies of patients with

medial temporal lobe damage have shown that ERP
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Fig. 2. Comparison of the late ERP negativities elicited by auditory oddball stimuli in criminal psychopaths (Kiehl et al., in press-a), patients

with temporal lobe damage (Yamaguchi and Knight, 1993) and patients who had undergone temporal lobectomy for the treatment of intractable

epilepsy (Johnson, 1989). All three groups are typified by an enhanced N2b, diminished frontal P3, and enlarged late negativity (N500), relative

to control participants.
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abnormalities and autonomic responding elicited by

orienting stimuli are impaired — despite the fact that

these latter patients can reliably discriminate target

and novel stimuli (Knight, 1996). These data suggest

that the autonomic and neural components of the

orienting response are impaired in patients with

medial temporal lobe damage and in psychopathic

individuals. It is also clear that diminished orienting

processes (i.e., heart rate modulations, skin conduc-

tance changes, electrocortical responses) may not lead

to impairment in task performance. That is, patients

with medial temporal lobe damage and criminal

psychopaths are not impaired in performing oddball

tasks. Indeed, some data suggest that a lack of

automatic orienting to salient stimuli may lead

psychopaths to perform better than nonpsychopaths

(Newman et al., 1997). More studies are needed to

examine the functional (and behavioral) significance

of these orienting processes in psychopaths.

Finally, a recent SPECT study in violent offenders

institutionalized in a psychiatric facility found that the

interpersonal factor, but not the social deviance factor,

of psychopathy was negatively correlated with perfu-

sion in the temporal lobe and the orbital frontal cortex
(Soderstrom et al., 2002). This was the first study to

examine the factors of psychopathy and measures of

hemodynamic activity. Unfortunately, the range of

psychopathy scores was from 2 to 31, suggesting that

few offenders were actually above the diagnostic

cutoff of 30 for psychopathy (Hare, 1991, 2003).

To recap, studies of language, attention, and

orienting processes suggest that the neural circuitry

involved in psychopathy includes the amygdala,

anterior superior temporal gyrus, orbital frontal

cortex, and anterior cingulate gyrus.
8. Affective processes in psychopathy

A variety of different methods have been used to

assess affective processes in psychopaths. Previously

the studies examining affective processes in psychop-

athy in the context of linguistic tasks were reviewed.

These studies largely found that psychopaths do not

differentiate the subtleties between affective and

neutral stimuli in the same way that criminal non-

psychopaths and healthy individuals do. Studies using

the startle–reflex methodology have shown that
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psychopaths do not show the normal pattern of blink

modulation when processing negatively valenced

stimuli as do nonpsychopaths and healthy individuals

(Patrick et al., 1993). In healthy controls and in

nonpsychopathic prisoners, startle probes presented

during viewing of negative picture stimuli (e.g.,

mutilated faces) elicit a larger blink reflex response

than that elicited during viewing of neutral or positive

stimuli. However, this pattern of responding was not

observed in psychopaths with high scores on the

interpersonal and affective features of psychopathy.

That is, psychopaths’ blink-reflex magnitude was

similar for processing of positive and negative stimuli,

suggesting that negative stimuli did not elicit the same

defensive response in psychopaths as they do in

nonpsychopaths (see also Levenston et al., 2000;

Sutton et al., 2002). Indeed, one interpretation of the

abnormal startle response in psychopaths is that they

had an appetitive response to the negative stimuli. The

neural circuitry of the startle response includes

structures in the medial and lateral temporal lobe, in

particular, the right amygdala.

Few other studies have directly examined the neural

correlates of emotional processing in psychopaths.

One study used fMRI to examine the neural systems

associated with emotional processing in psychopaths

within the context of an affective memory task (Kiehl

et al., 2001). Consistent with previous research in

healthy controls, criminal nonpsychopaths and non-

criminal controls had better memory for affective

stimuli than for neutral stimuli. Psychopaths showed a

trend in this direction. Importantly, there were no

group differences in overall performance, suggesting

that psychopaths were just as engaged in performance

of the task as were the criminal nonpsychopaths and

noncriminal controls. The results of the imaging data

indicated that psychopaths failed to show the normal

pattern of differentiation between affective and neutral

stimuli in amygdala, ventral striatum, rostral and

caudal anterior cingulate, and posterior cingulate.

Recall, however, that psychopaths did show a trend

for better memory recall for negative than for neutral

words. Thus, there should be some brain regions in

which psychopaths show greater activity for process-

ing negative than neutral stimuli than do controls.

Psychopaths, but not controls, showed differences in

brain activation for affective relative to neutral stimuli

in right and left lateral frontal cortex. These areas are
normally associated with semantic processing. Thus, it

appears that psychopathy is associated with hypo-

functioning of temporo-limbic circuits that are nor-

mally associated with affective processing and that

lateral frontal brain regions may be engaged in some

compensatory manner. These data also provide support

for the hypothesis that the excessive affect-related

activity observed in psychopaths in lateral fronto–

temporal cortex (Intrator et al., 1997) may be

compensating for reduced activity in limbic regions.

However, this interpretation is still tentative pending

further replication.

All of the ERP and brain-imaging studies summa-

rized above examined affective processes in psycho-

paths in the context of a task that involved language

stimuli (Intrator et al., 1997; Kiehl et al., 1999a, 2001;

Williamson et al., 1991). This raises the possibility

that some of the observed differences may be related

to linguistic processes per se. However, Muller and

colleagues (2003) reported that psychopaths had

disordered activity during a non-linguistic task that

involved emotional slide processing in orbital frontal

regions, medial temporal (amygdala, parahippocampal

gyrus) and rostral and caudal anterior cingulate

(Muller et al., 2003). In particular, the authors

reported that criminal psychopaths, relative to non-

criminal controls, showed reduced activation in

subgenual and dorsal cingulate and temporal gyrus

for passive viewing of negative slides, and excessive

activity was observed in right prefrontal regions and

amygdala. The reductions in anterior and posterior

cingulate for processing of negative slides support the

notion that these systems are abnormal in psychopa-

thy. However, the excessive activity in the amygdala

appears to contradict the notion that this structure is

hypofunctioning in psychopathy. This discrepancy

raises the issue that differences in methodology

between studies may have influenced the results.

With respect to tasks, most of the studies that either

directly or indirectly implicated amygdala hypofunc-

tioning in psychopathy employed procedures that

ensured all participants were actively engaged in the

task and processing all stimuli (Flor et al., 2002; Kiehl

et al., 2001, 2003; Levenston et al., 2000; Patrick,

1994; Patrick et al., 1993; Sutton et al., 2002). The

Muller et al. study employed a passive viewing

paradigm in which participants were required to dfeel
the emotions the pictures suggestT (p. 154). Thus, it
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is not possible to determine from this paradigm if

the controls and psychopaths were equally partici-

pating in the task. Moreover, research has shown

that drawing attention towards processing affect in

the emotional stimuli leads to reduced amygdala

activity, at least in healthy controls, compared with

tasks that require processing of the emotional stimuli

but do not require evaluating the affect in the

stimulus (Hariri et al., 2003). With respect to

participants, Muller et al. acknowledged the small

sample size of six psychopaths and six noncriminal

controls. It is also noteworthy that the psychopaths

from Muller et al. were patients at a maximum

security psychiatric facility who were found dnot
guilty by reason of mental defectT (p. 154) for their
criminal activity. However, no information was

provided on whether these patients had co-morbid

Axis I psychopathology, such as schizophrenia or

other psychotic disorders. In addition, no informa-

tion was reported on whether the control group

differed from the psychopathic group on IQ,

education, or visual acuity. With respect to image

analysis, Muller et al. employed a fixed effects

model in which variance between groups was

ignored. Fixed effects analyses in functional imaging

are known to lead to very high rates of false

positives since a large response from a single

participant can result in a significant finding. Thus,

replication is needed to confirm these latter results.

In summary, cognitive neuroscience studies of

affective processing have found that the neural circuits

embracing the temporo-limbic system are either

dysfunctional or hypofunctioning in psychopathy. In

particular, sites implicated include the amygdala,

parahippocampal regions (Laakso et al., 2001; Raine

et al., 2004), anterior superior temporal gyrus, rostral

and caudal anterior cingulate, and posterior cingulate.

Similar abnormalities are observed in these neural

circuits in psychopaths during performance of lan-

guage, attention, and orienting tasks.
9. Psychopathy as a disorder of the paralimbic

system

Studies of patients with brain damage suggest that

regions of the frontal lobe, including the orbital

frontal cortex and anterior cingulate, and regions of
the temporal lobe, including the amygdala, para-

hippocampal gyrus, and anterior superior temporal

gyrus, are implicated in psychopathic symptomato-

logy. Psychophysiological studies employing ERPs

have repeatedly shown that psychopaths’ brain

potentials elicited by salient stimuli are associated

with aberrant late negativities (see Fig. 1). These

aberrant brain potentials are also observed in patients

with temporal lobe damage in general, and with the

amygdala and anterior superior temporal gyrus in

particular (see Fig. 2). Cognitive neuroscience studies

of psychopathy suggest that the anterior and posterior

cingulate, insula, orbital frontal cortex, amygdala,

and anterior superior temporal gyrus are dysfunction-

al or hypofunctioning in psychopathy during lan-

guage, attention and orienting, and affective

processing tasks. At first glance, it might appear that

these neural circuits implicated in psychopathy come

from a heterogeneous and spatially remote collection

of brain regions. However, neuroanatomists and

cytoarchitectologists have grouped the anterior supe-

rior temporal gyrus (temporal pole), rostral and

caudal anterior cingulate, posterior cingulate, orbital

frontal cortex, insula, and parahippocampal regions

into the paralimbic cortex (Brodmann, 1909; 1994;

Mesulam, 2000). The paralimbic cortex, also referred

to as the mesocortex, is interposed between the

neocortex and the allocortex (Fig. 3). The paralimbic

cortex provides a gradual transition from primary

limbic regions, including the septal region, substantia

innominata, and the amygdaloid complex, to higher

neocortical regions. It is important to note that there

are dense connections between the paralimbic cortex

and core limbic structures, in particular the amygdala.

The amygdaloid complex comprises both nuclear and

cortical layers. These cortical features of the amyg-

dala often extend into the paralimbic areas, blurring

the boundaries between limbic and paralimbic

regions (Mesulam, 2000). Thus, these regions may

collectively be termed the dparalimbic systemT.
These data suggest that the relevant functional

neuroanatomy implicated in psychopathy is the

paralimbic system. Now it is not known how or when

in development these abnormalities in psychopathy

arise. Clinical (Cleckley, 1941; Hare, 1993) and recent

research data suggest that psychopathic symptoms are

present at a very early age (Frick, 1995, 1998; Frick et

al., 2000). Given that the brain structures implicated



Fig. 3. Illustration of the cytoarchitectural maps of Brodmann

(1909, adapted from Mesulam, 2000). The components of the

paralimbic system include the orbital frontal cortex, medial

(amygdala and parahippocampal gyrus) and lateral (anterior

superior temporal gyrus) temporal lobe, and rostral, caudal and

posterior cingulate gyrus.
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in psychopathy are linked based on cytoarchitectural

similarities, it is tempting to argue that psychopathy

may be neurodevelopmental in nature. However, at

present, there are little data speaking to structural

brain alternations in psychopathy. Two structural MRI

studies have shown that psychopathy is associated

with hippocampal abnormalities (Laakso et al., 2001;

Raine et al., 2004). Clearly, more research on

functional and structural brain changes in psychopa-

thy is needed.

It is important to recognize that the hypothesis that

limbic and paralimbic structures are implicated in

psychopathy is not new. Indeed, clinicians have

speculated since the time of Phineas Gage (1800s) that

frontal brain regions are implicated in the disorder

(Harlow, 1848). Similarly, Fowles (1980) postulated

that the basis of psychopathy was a deficiency in the

behavioral inhibition system — a system that is

believed to rely upon septo-hippocampal brain regions

(see also Gorenstein and Newman, 1980). Raine (1993)

has emphasized the role of orbital frontal cortex in

antisociality and psychopathy. Other researchers have

argued that amygdala dysfunction is central to models

of psychopathy (Blair, 2001, 2002, 2003). The

argument that the paralimbic system is abnormal in
psychopathy is consistent with these perspectives.

However, the review offered above from the neurolog-

ical literature suggests that selective lesions to the

septal–hippocampal system, orbital frontal cortex, or

amygdala do not lead to the complete manifestation of

psychopathy. Moreover, the functional neuroimaging

data suggest that in addition to these latter structures the

anterior and posterior cingulate are implicated in

psychopathy. Thus, the argument presented here is that

a broader view, encompassing all of the paralimbic

system, is warranted.

It is also relevant to recognize that a potential

limitation of this model is that most of the supporting

evidence comes from studies examining brain func-

tion or from indirect evidence of behavioral changes

in patients following brain damage or lesions. The

paralimbic system is defined based on similarities in

the cytoarchitecture or brain structure; however, there

is a relative paucity of studies that have examined

gray matter abnormalities in psychopathy. The few

structural brain-imaging studies in psychopathy sug-

gest that hippocampal regions (i.e., paralimbic) are

implicated in the disorder (Laakso et al., 2001; Raine

et al., 2004). Future structural imaging studies may

lead to a better understating of whether the observed

abnormalities in brain function in psychopaths map

onto structural brain pathology. Studies of brain

metabolism (i.e., positron emission tomography)

may also provide insights into the relevant neuroanat-

omy implicated in psychopathy.

In summary, converging evidence suggests that

psychopathy is associated with paralimbic system

dysfunction. This hypothesis is supported by indirect

evidence from studies of behavioral changes follow-

ing lesions or damage to the paralimbic system,

bolstered by findings from analog studies, and further

supported by the extant cognitive neuroscience

literature in psychopathy. The particular neural

regions implicated include the orbital frontal cortex,

insula, amygdala, parahippocampal regions, anterior

superior temporal gyrus, and rostral, caudal and

posterior cingulate. It is important to note that the

studies reviewed employed the PCL-R or its deriva-

tives to assess psychopathy (Hare, 2003). The PCL-R

is widely considered to be the best metric for

assessing psychopathy in forensic and clinical con-

texts. The replicability and consistency of the neuro-

biological findings are a further testament to the



K.A. Kiehl / Psychiatry Research 142 (2006) 107–128124
psychometric robustness of the PCL-R and the

construct of psychopathy in general. To conclude,

this review has examined data from psychological,

electrophysiological, and brain-imaging studies in

psychopathy during language, attention and orienting,

and affective tasks. In addition, this review has

considered indirect evidence from behavioral and

cognitive changes associated with brain damage or

insults. These converging results suggest that the

relevant functional neural architecture implicated in

psychopathy is the paralimbic system.
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