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CHAPTER 26 ALTERED PROCESSING OF VALENCE AND SIGNIFICANCE-CODED INFORMATION

The official diagnostic classification system for mental
disorders in the United States, DSM-IV, recognizes
anti-social personality as a distinct entity. In contrast,
psychopathy is not recognized as a distinct disorder.
Both disorders involve behavioral impulsivity and actions
that violate social norms and what distinguishes psycho-
pathy from anti-social personality disorder is that the
former includes a deficit in emotional responses to
others and the latter does not. This deficit, like other
behavioral disturbances involving emotion in psychiat-
ric disorders (e.g., blunted affect in schizophrenia), is
difficult for clinicians to rate reliably, which may account
for its lack of inclusion in DSM-IV. However, recent
empirical findings have advanced our understanding of
the brain and behavioral basis of psychopathy and the
associated emotional deficits and these abnormalities
include alterations in the functioning of subregions of
the cingulate gyrus as well as other areas. As such, these
new findings advance our understanding of how the
brain mediates emotional responses and how disruption
of these functions may result in clinical conditions such
as psychopathy. A deeper understanding of the brain
basis of disorders of emotion regulation may ultimately
contribute to the inclusion of their behavioral manifesta-
tions in the definition of these disorders.

The modern concept of psychopathy was strongly
influenced by the work of Herve Cleckley, who, over
the course of 40 years of clinical observations, identi-
fied 16 characteristics of psychopaths. These character-
istics were operationalized into the Hare Psychopathy
Checklist (PCL) and the Hare Psychopathy Checklist Revised
(PCL-R; Hare, 1991). The latter addresses the 16 key
characteristics of psychopathy that segregate into
two factors: an interpersonal/affective factor and a
social deviance factor. These characteristics have been
further refined recently into a four-factor model of
psychopathy that divides the first factor into separate
interpersonal and affective factors and the second into
lifestyle and anti-social factors:

1 Interpersonal. Glibness/superficial charm, grandiose
sense of self-worth, pathological lying, and conning/
manipulative.

2 Affective. Lack of remorse or guilt, shallow affect,
callousflack of empathy, and failure to accept
responsibility.

3 Lifestyle. Need for stimulation; parasitic lifestyle,
lack of realistic long-term goals, impulsivity, and
irresponsibility.

4 Anti-social. Poor behavioral controls, early behavioral
problems, juvenile delinquency, revocation of condi-
tional release, and criminal versatility.

The DSM-IV diagnosis of anti-social personality disorder
is based primarily on the lifestyle and anti-social factors.

Although lack of remorse or guilt is listed among the
possible criteria that must be met for the diagnosis, it is
the only interpersonal or affective characteristic listed
and is not required for the diagnosis. The affective
and interpersonal components of psychopathy are
considered critical from a clinical perspective; whereas
80-90% of the prison population meets the criteria for
anti-social personality disorder and only 15-25% are
psychopathic. The greater specificity of the diagnosis
of psychopathy is important because, compared
with other inmates; psychopathic offenders commit a
disproportionate amount of repetitive, often violent,
criminal acts (Kiehl et al., 2001). To the extent that psy-
chopathy constitutes a more extreme form of anti-
social personality disorder, it may provide insights into
the neurobiological basis of both disorders. Before con-
sidering the specific deficits in behavior and cingulate
functions, a detailed analysis of emotional processes is
needed to guide interpreting the nature of emotional
deficits in psychopathy.

Implicit and Explicit Aspects of
Emotion

The distinction between implicit (non-conscious) and
explicit (conscious) processes is relevant to understand-
ing the mental state of psychopathic individuals.
The distinction was first applied to memory where
explicit memory, for facts and events, requires partici-
pation of medial temporal lobe structures and the
diencephalon, whereas implicit memory requires struc-
tures such as the striatum (skills and habits), neocortex
(priming), amygdala and cerebellum (classical condi-
tioning), and reflex pathways (non-associative learning)
(Gazzaniga et al., 2002). Antonio Damasio’s (1994) dis-
tinction between primary emotion and feeling, and
their dissociable neural substrates, paved the way for
the application of the implicit-explicit distinction to
emotion. Primary emotion is the phylogenetically older
behavioral and physiological expression of an emotional
response. Primary emotion occurs automatically and
without the necessity of conscious processing. Feeling,
on the other hand, involves the conscious experience
of that emotional state. According to Damasio (1994),
primary emotion and feeling are separable, both
conceptually and neuroanatomically. While primary
emotion is necessary for successful adaptation to envi-
ronmental challenges and the physiological adjust-
ments needed to meet those challenges, a conscious
feeling state enables previous emotional experiences to
be consciously recalled or current experiences to be
accessed and used for decision making and navigation
of the social world.

Brain imaging studies demonstrate that amygdala
activation can occur in response to emotional stimuli
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in the absence of conscious awareness of the stimulus.
This is consistent with the notion that the amygdala
performs its functions implicitly and plays a key role
in establishing whether exteroceptive stimuli have
an emotional meaning. LeDoux (1996) has written
about the distinction between the thalamoamygdala
pathway for processing exteroceptive stimuli rapidly
and crudely in the absence of conscious awareness,
and the neocortical-amygdala pathway that provides
more precise and differentiated identification of the
stimulus requiring an additional 12 msec of processing
time. The time saved by having behavior directed by
implicit processes could potentially mean the differ-
ence between life and death in life-threatening situa-
tions. This is not inconsistent with the view that the
capacity for explicit processes such as reflection, delib-
eration, delay of impulses, planning, and the like are
arguably more important to adaptive success in mod-
ern human cultures, in which success or failure, rather
than life or death, is the more salient issue (Goleman,
1995).

Within the field of consciousness research, a dis-
tinction is made between phenomenal and reflective
awareness. Phenomenal awareness refers to the actual
content of consciousness (feelings and background
feelings) whereas reflective awareness involves the
performance of cognitive operations upon the contents
of conscious experience (Farthing, 1992). Reflective
awareness, or metacognition, requires the creation of
a representation of experience and this representation
will affect how future emotional information is inter-
preted and experienced. Lane et al. (1997) examined
the pattern of neural activation associated with attend-
ing to one’s own emotional experience. To confirm
that subjects were attending as instructed, subjects
indicated on a keypad how each emotion-evoking
picture made them feel. In essence, the study examined
an aspect of conscious experience involving commen-
tary on that experience. By having subjects attend to
and valence their experience in this study, we were
examining reflective awareness. During valencing of
subjective emotional responses, increased neural
activity was elicited in area 32 of pregenual anterior
cingulate cortex (pACC) and medial prefrontal cortex,
right temporal pole, and insula. The medial surface
activation from this study is shown in Figure 26.1
(turquoise). Under the same stimulus conditions
when subjects attended to spatial aspects of the
picture sets, activation was observed in parieto-occipital
cortex bilaterally; a region known to participate in
the evaluation of spatial relationships. Thus, explicit
awareness of one’s own emotional state engages
cingulate cortex and this has implications for
understanding some of the symptoms of psychopathic
behavior.
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Fig. 26.1 Reanalysis of the plots of simple emotion activations in
relation to cingulate subregions (Vogt et al, 2003). Aggregates of
activity (peak voxels plotted by color coded dots and numbered):
#1. sadness, subgenual anterior cingulate cortex (sACC); #2. happiness,
pregenual anterior cingulate cortex (pACC); #5. fear;

#6. Non-emotion-specific activity, posterior cingulate cortex (PCC)
where white dots are activations generated by non-emotional
stimuli as controls for the emotional conditions. In addition,

#3. shows the full distribution of activity while attending to one’s
own emotional experience (Lane et al, 1997), #4. is the smallest
diameter circle that can be struck around the greatest number of
types of emotional responses.

Cingulate Activations During
Explicit Emotion

In addition to activation of pACC area 32 in reflective
awareness through conscious coding of sensory stimuli
(Lane et al., 1997; turquoise in Fig. 26.1), an a priori
hypothesis is suggested that the place in ACC that has
direct access to the most activity during multiple
simple emotions is the site of emotional awareness.
This is proposed because it would be surprising that
emotional awareness is achieved in parts of the cortex,
cingulate or otherwise, that are not specifically activat-
ed during emotion. Moreover, the more emotions that
so activate such a site, the more likely it would be that
it serves the general purpose of emotional awareness
rather than the specific features of valencing and stor-
age of episodic memory associated with a particular
emotion. A visual survey suggests that such a site likely
exists in pACC and not in posterior cingulate cortex
(PCC) as commented in other chapters and Vogt et al.
(2003), as the white dots represent non-emotional,
control conditions and tend to negate the notion of
a specific role of a region in emotion for PCC (#6. in
Fig. 26.1). Progressively larger circles were drawn
around the center of the site in pACC until samples of
activated cortex involved all four emotions. The final
circle (#4. in Fig. 26.1) is large enough to include activa-
tions of all the four emotions as well as most of that
generated in the study by Lane et al. (1997). The circle
includes areas 24 and 32 as well as part of area a24” in
anterior midcingulate cortex (aMCC). Thus, the site of
reflective awareness is located mainly in pACC but also
extends into aMCC.
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Although this site may not play a key role in particu-
lar emotions, what are its specific functions? First, it par-
ticipates as a ‘scale’ to weigh the average content of
emotion to determine the overall mood state. In the case
of sadness, for example, the greatest number of sites are
in subgenual ACC (sACC) and there is reasonably good
evidence this subregion is involved in the storage of epi-
sodic memories relating thereto. The activity associated
with reflective awareness may not have specific infor-
mation related to sadness per se but rather play a role in
determining mood from many forms of emotional activ-
ity; this site would essentially work as an emotional
scale in regulating ongoing mood. If negative stimuli
and experiences dominate for a period of time, the level
of sadness and negative mood might weigh more heavily
than a positive mood requiring happiness. Second, it
likely contributes to expression of general mood states.
As all emotions generate activity in this region, it may
be relevant to immediate changes in facial expression
associated with changes in mood. This region has pro-
jections to the facial motor nucleus to regulate the mus-
cles of facial expression and vocalization associated with
emotional expression as discussed in Chapters 5, 13, 15,
16, 17, 19, 23, and 24. This particular localization is
important to understanding some of the deficits in infor-
mation processing in the psychopathic cingulate cortex
mediating emotional awareness and expression includ-
ing emotional language impairments.

In sum, of critical importance to the symptoms of psy-
chopathy, is the glibness, grandiose sense of self-worth,
lack of remorse or guilt, shallow affect, and callous/lack
of empathy for others. Each of these features may reflect
the psychopath’s inability to attend to their own emo-
tions and those of others. Thus, Figure 26.1 provides a
framework within which to analyze subregional impair-
ments in cingulate processing in the psychopathic brain.
The subregional functions can be summarized:

1 sACC, storage of negatively valenced events and pri-
mary regulation of autonomic functions;

2 pACC area 32, activation by positively valenced
events and emotional awareness;

3 pACC area 24, emotional awareness and scaling of
mood state and expression;

4 aMCC, involved in fear and avoidance behaviors,

5 posterior MCC (pMCC), coordinates skeletomotor and
autonomic reflex outputs; and

6 Ventral PCC (vPCC), interacts with ACC to allow
context-dependent and emotional-relevant sensory
information to flow into the cingulate cortex as dis-
cussed in the six-stage model of emotional processing
outlined in Chapter 13.

With these summary views, we can address altera-
tions in the flow of valence- and context-dependent

information throughout cingulate cortex in the psy-
chopathic brain.

Goals of This Chapter

The ultimate test of any model in biology requires
that its physical disruption occur along some consistent
neurochemical dimension. This can be a phenotypically
unique cytoarchitectural entity, a particular transmit-
ter system, and/or a cortical network with contributions
to a particular function. We approach the psychopathic
brain in the context of the eight-subregion neurobio-
logical model with specific functions for each sector
and the flow of information into, within, and out of the
cingulate gyrus to regulate motor systems. The goal of
this cingulocentric consideration is not to imply that
cingulate cortex is the only critical player but
rather to emphasize the specific symptoms to which
cingulate impairment contributes. The specific goals
follow:

1 Provide an overview of the pivotal symptoms
observed in psychopathic individuals.

2 Evaluate correlations between a cingulate subregional
functions with imaging including monoamine
oxidase A, genetic predisposition in psychopathy
and how these might affect cingulate functions dem-
onstrated with changes in blood flow in three key
subregions; pACC, aMCC, and vPCC.

3 Discuss specific cingulate functions that are impaired
in psychopathy:
(a)
(b)

autonomic control,

significance, valence, and context-dependent
Sensory processing,

(©)

decision making, planning, empathy, and
language, and

(@
4 Develop a new theoretical model of information

processing impairment in psychopathy that has three
levels of disruption:

cingulate outflow systems that regulate behavior.

(a) blocked inflow of self-relevant information,

(b) failure of intracingulate information flow
including the interpretation of behavioral
contexts and the emotional content of other’s
emotional state, and

(©)

altered outflow patterns that regulate autonomic
and skeletomotor responses.

Cingulate Dysfunction in Psychopathy

The consideration of cingulate pathology in psychopathy
does not imply that this is the only region that explains
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critical symptoms and brain impairments in this disorder.
Certainly, the amygdala, orbitofrontal, and insular cor-
tices are also involved. Reduced emotion-modulated
startle responses, reduced aversive conditioning, and
reduced emotion-enhanced memory all implicate the
amygdala (Blair, 2005; Kiehl, 2006); however, symptoms
irrelevant to cingulate function, such as the emotion-
modulated, startle reflex, are not considered here.
Figure 26.2 is partially based on Figure 26.1 where the
latter was reduced in opacity such that a few findings
of key studies of psychopathy could be coregistered to
cingulate cortex in the framework of normal emotion.
Most studies of psychopathy report reductions in
cingulate regional cerebral blood flow (rCBF) in con-
trast to controls or other populations that are free of
psychopathy. Thus, impairments in cingulate functions
here always refer to a loss of some critical information
processing activity.

Fig. 26.2 Context of cingulate impairments in psychopaths. A. The
opacity of Fig. 26.1 was reduced and medial surface alterations
plotted in full from three studies: 1. Miller et al. (2003) reduced
activity in criminal psychopaths while viewing pictures with
emotional valence; 2. Sterzer et al. (2005) reductions to similar
stimuli but in adolescents with conduct disorder; 3. Meyer-
Lindenberg et al. (2006) vulnerability site in individuals with short
allele of monoamine oxidase A gene and correlated impulsive
aggression. B. Language involvement in psychopathy has been
documented and structure/dysfunction overlaps in aMCC suggest a
mechanism: 1. two sites from Kiehl et al. (2001) psychopathy study
shown in next figure; 2. site of novel verb generation to noun lists
(Raichle et al, 1994); 3. activation associated with syntactic errors
(Kuperberg et al, 2008). Resolution of syntactic errors and the
generation of action verbs are impaired in anterior midcingulate
cortex (aMCC) in the psychopathic brain.
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Figure 26.2A plots the following sites:

1 Miller et al. (2003) reported that activation of pACC
(incorrectly reported as subgenual) and dPCC was
reduced in criminal psychopaths contrasted with
normals when viewing pictures from the International
Affective Picture System.

2 Sterzer et al. (2005) evaluated children with severe
conduct disorder and healthy control cases when
viewing pictures with neutral or strong negative
affective valence and reported a strong inactivation
of dorsal aMCC. This finding may be pivotal to differ-
entiating conduct disorder form criminal psychopa-
thy as this region appears to be generally normal in
the latter group.

3 Meyer-Lindenberg et al. (2006) evaluated allelic varia-
tion in the X-linked monoamine oxidase A gene that
has been associated with impulsive aggression. They
found that individuals with low expression of the
variant gene were associated with increased risk of
violent behavior and predicted pronounced reduc-
tions in the volume of cingulate cortex. Most impor-
tantly, blood oxygen level dependent (BOLD) signal
reductions during stimulation with angry or fearful
faces in men with the high carriers of the variant
allele had a greater inactivation of two parts of ACC
than did individuals with a low level of this variant.
The overlap of inactivation sites 1 and 3 in the circle
of high-emotional awareness suggests that this part
of pACC is particularly vulnerable to monoamine oxi-
dase A impairment and may contribute in a profound
way to impaired processing of valenced information.
Moreover, the deactivation of daMCC in adolescents
with conduct disorder provides a means of segregat-
ing this disorder from individuals with psychopathic
symptoms in terms of cingulate impairments.

Cingulate Subregional Inactivations
in Psychopathy

Kent Kiehl extended his previous behavioral and psy-
chophysiologic research in psychopaths by performing
a functional magnetic resonance imaging (fMRI) study
in criminal psychopaths, criminal non-psychopaths,
and healthy controls as subjects encoded, rehearsed
and retrieved neutral, and negative emotional words.
Kiehl et al. (2001) aggregated the emotion conditions
separately from the neutral conditions and showed
that, in the negative emotion conditions, criminal
psychopaths manifested reduced activity relative to
non-psychopaths in three cingulate subregions, the left
amygdala, parahippocampal gyrus, and anterior supe-
rior temporal gyrus. Importantly, the groups did not dif-
fer in BOLD activity during the processing of neutral
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stimuli. The decreased activity in the amygdala is con-
sistent with other evidence of amygdala dysfunction
in psychopathy (Blair, 2005; Kiehl, 2006). The parahip-
pocampal gyrus plays a key role in the processing of
memories and has dense inter-connections with the
amygdala. The anterior superior temporal gyrus has
been implicated as functioning abnormally in other
language-related studies in psychopathy.

Kiehl et al. (2001) is of particular interest in terms of
reduced activations in three cingulate subregions. Their
findings are summarized in Figure 26.3 with a modifica-
tion of their figure coregistered to the eight subregion
model to emphasize both the subregion inactivations they
observed (blue) as well as those regions that have ‘normal’
rCBF (red ovals). This pattern of reduced rCBF shows
alterations in pACC, aMCC, and vPCC. Interestingly,
SACC, daMCC, pMCC, and dPCC have normal rCBF but
this should not be interpreted to mean that information
processing in these areas is necessarily intact.

Cingulate Structure/Dysfunction
Correlates

Autonomic control and emotional information

A direct link between psychopathy and impaired auto-
nomic output was shown by Patrick et al. (1994) during
imagery of fearful scenes. Although their imagery expe-
rience seemed to appear similar to non-psychopaths,
heart rate, and skin conductance was attenuated
during this imagery. Birbaumer et al. (2005) showed that
during the acquisition of fear, psychopaths failed to
generate responses in pACC (likely area 24 mainly) that
were characteristic of healthy controls. Psychopaths
also failed to show conditioned skin conductance and
emotional valence ratings although arousal ratings
were normal. In another report, a general decrease
in emotional responsivity has been reported (Day &
Wong, 1996).

Significance, valence, and context-dependent
sensation

Orienting responses are elicited by unpredictable,
novel, or task-relevant stimuli. Skin conductance
responses indicating a change in sweat gland activity in
the palm of the hand are a relatively pure measure of
sympathetic nervous system activity associated with
arousal including orienting responses. Psychopaths
manifest lower levels of skin conductance and show
reduced skin conductance responses to a variety of
aversive stimuli including loud noises, hypodermic
needle injections, and viewing pictures of mutilated
faces (Kiehl, 2006).

Psychopaths also manifest reductions in an event-
related brain potential called error-related negativity

(ERN; Dikman & Allen, 2000). This response occurs
when mistakes are made during the execution of a task.
The ERN appears to be specifically related to the
unpleasant emotional response associated with realiz-
ing that one has made an error. The ERN is likely
a combination of attention and affective processes and
a growing body of evidence suggests that the MCC is
responsible for generating the ERN.

Psychopaths appear to have a deficit in generating
automatic emotional responses, including empathy
(shared distress with others), in the differentiation
between emotional and neutral stimuli, and in the cog-
nitive processing of emotional stimuli, including the
linkage between emotion and language.

A prominent feature of psychopathic behavior is an
inability to detect the emotional significance of sensory
information such as emotional words (Williamson et al.,
1991; Patrick et al., 1994). At first, one might expect sub-
stantial overlap between this functional impairment
and others discussed above in relation to ACC. However,
this is where the frontal model of psychopathy fails as
it presumes all information flows through prefrontal
areas to cingulate cortex. Indeed, a pivotal intermedi-
ary exists whereby the entry of emotional information
into the cingulate gyrus occurs in the vPCC. On the
basis of a cytoarchitectural, connection and literature
review, we concluded that the vPCC receives inputs
from the orbitofrontal, middle temporal, and inferior
parietal cortices and these contribute to assessing the
self-relevance of emotional and non-emotional objects
(Vogt et al., 2006). Moreover, Chapter 13 proposes that
context and particular features assist the vPCC in
extracting information from multiple sensory spaces
that are relevant to self. Indeed, this appears to be why
both emotional and non-emotional tasks generate activ-
ity in vPCC but not in ACC, in addition to the fact that
this region has the highest level of glucose metabolism
in the brain. It is the continuous assessment of multiple
sensory spaces using contextual cues for seeking self-
relevant information via constant interactions with
sACC that provides a vPCC gateway for emotionally rel-
evant objects and circumstances to the cingulate gyrus.
This intermediary system for access to premotor
processing in the cingulate gyrus is impaired in the psy-
chopathic brain.

The vPCC is in close communication with the sACC
and likely assists in discriminating between emotional
and non-emotional stimuli. The vPCC is heavily con-
nected to memory structures in the medial temporal
lobe and appears to serve a superordinate role in the
evaluation of the personal significance and salience of
exteroceptive stimuli. Thus, this impairment appears
to be related to the diminished ability of psychopaths
to discriminate between emotional and non-emotional
stimuli. A further consequence of the functions of vPCC
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is that is plays a role in coding the significance of
words and linguistic concepts in terms of emotional
significance.

Decision making, planning, and avoidance

Another feature of psychopathic behavior is an
over focus on immediate goals that result in a lack of
well-planned, long-term goals (Cleckley, 1976). These
individuals fail to slow responses after making errors
in a task involving punishment or reward and are
unable to inhibit punishable responses. Avoidance
learning impairments are a well-established conse-
quence of cingulate lesions in experimental animal
studies (Gabriel, 1993). In psychopaths, the ERN during
error detection is reduced in this group and it is likely
associated with impaired activity in aMCC. Thus, Kiehl
et al. (2000) reported errors of commission during a
go-nogo task with fMRI and showed activation of
aMCC. Decision making, planning, fear activation,
and avoidance behaviors are considered together
here as part of the integrative premotor function of
aMCC.

Bush et al. (2002) used a region-of-interest method to
evaluate responses in a dorsal part of aMCC and showed
that reduced rewards generated the greatest response
in healthy individuals. This finding was extended in
a study of single neuron responses before and after
midcingulotomy lesions. Williams et al. (2004) showed
that single neurons responded robustly to reduction
in reward and predicted movements and associated
behavioral responses were blocked with the lesion. As
reduced rewards should generate a negative response,
this finding supports the prediction that this region
generates responses to negative-valenced events.
Dikman and Allen (2000) evaluated the ERN in low-
socialized subjects as a prodromal form of psychopathic
individuals and compared them with a high-socialized
group of healthy controls. Their task employed both
reward and avoidance learning arms. The low-socialized
group produced smaller ERNs during the punishment
task than during the reward phase when compared
with the high-socialized group. As the aMCC is pivotally
involved in the ERN, responses during reward reduc-
tion, and avoidance behaviors, this result further sug-
gests that psychopathic subjects have impaired activity
in aMCC.

Finally, Nakata et al. (2008) used a go-nogo task
with eventrelated fMRI and showed that aMCC (mainly
area 32’) was active along with other premotor areas
during the response inhibition trials. The daMCC
includes part of the rostral cingulate premotor areas
(rCPMAs) and area 32’ and their functions are thor-
oughly reviewed in Chapter 12 as is its involvement in
attention-deficit/hyperactivity disorder. Thus, psycho-
pathic deficits in decision making, planning, response
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inhibition, and avoidance may all have a substrate in a
common impairment of aMCC.

Empathy and the pain neuromatrix

A lack of empathy in processing affective information is
a pivotal feature of psychopathic behavior (Hare, 1993)
and this may reflect dysfunction of aMCC. As discussed
in detail below, empathy to another’s painful response is
generated in the same region that has high fear activa-
tion and is part of the pain neuromatrix; that is, is usu-
ally activated during noxious stimulation (Jackson et al.,
2005). Altered processing in this domain of psychopathic
brain function could be associated with altered response
inhibition and avoidance behavior as also noted above.
In a cingulate context, therefore, a failure of empathy
may be associated with impaired decision making, plan-
ning, and avoidance behaviors that are activated by the
pain of others as well as one’s own pain.

It is well established that MCC is the most frequently
activated cingulate region in studies of acute pain
processing (Vogt, 2005). The link between these activa-
tions and pain empathy suggest the site of a critical
symptom in the psychopathic brain. Jackson et al.
(2005) showed that aMCC is preferentially active while
observing situations in which another individual is
experiencing pain. Activity in the aMCC was correlated
with the intensity of the participants’ rating of the
other person’s pain. In another study, facial expressions
of pain activated a similar region in observers (Botvinick
et al., 2005). Moreover, observing another’s pain and
feeling one’s own pain evokes activity in aMCC,
although in slightly different parts with some overlap
(Morrison and Downing, 2007). Thus, networks that are
engaged during the response to noxious stimuli acti-
vate a cingulate subregion that is similar to that when
one observes the pain in others whether it is via facial
expression or the objects known to produce pain such
as knives or other noxious insults.

Mohr et al. (2005) reported three unique functions of
cingulate subregions in terms of the external versus
self-application of noxious tactile stimulation. The
PACC was specifically active in relation to the certainty
of pain onset, the aMCC was primarily activated in rela-
tion to externally applied stimuli, and the pMCC was
activated mainly during self-administration of noxious
stimuli. These findings support the concept that pain
activation differs by cingulate subregion. In the present
context, it is not surprising that an external application
of pain would activate the same aMCC area that is
involved in empathy. Consistent with the premotor
planning hypothesis, as discussed in detail in Chapter 14,
the aMCC is a pivotal premotor planning cortex that
coordinates an individual’s prediction of outcomes,
anticipation of pain, and organization of nocifensive
behaviors. It appears that empathy activation of the
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aMCC prepares the observer to evaluate the level pf
pain in another and provide for avoidance behaviors
that will reduce the other person’s pain as well as the
pain of the individual observing the pain.

The cingulate ‘empathetic premotor pain processing’
module in aMCC is disrupted in the psychopathic brain
as shown in blue in Figure 26.3. Emotional shallowness
and callus attitudes to the states of others by psycho-
paths are reflected in the specific inability to interpret
expressions of facial pain. Such impairment might
assure that the psychopath cannot interpret the pain of
their victim and could lead to multiple felony assaults.
Such disordered emotional expression and hence
behaviors are determined to a large extent by impair-
ments in particular parts of the cingulate gyrus.
Inactivation of aMCC in the psychopath impairs their
empathetic responses to the pain expressed by their
victims. A lack of this information prevents them from
premotor planning to alleviate the pain of their victims
that is mediated by external pain administration, inter-
pretation of the victims face, and the selection of behav-
iors that would alleviate such expressions. Thus, the
facial expressions of their victims fail to generate a pain
avoidance response and an effort to relieve the pain of
their victim. The focus in their cingulate gyrus contin-
ues as an effort to achieve personal goals in a deregu-
lated limbic motor system including the CPMAs and its
projections to the periaqueductal gray.

Language deficits

Psychopaths have a general deficit in semantic process-
ing and of abstract information. The deficit in language
appears to be for emotion-related words in particular.
For example, while healthy controls respond faster and
more accurately to letter strings that form positive or

vPCC

pMCC
D, aMCC
)_.pACC

SACC

Fig. 26.3 Co-registration of Kiehl et al. (2001) inactivation sites to
cingulate subregions (see also Fig. 26.4) in pregenual anterior
cingulate cortex (pACC), anterior midcingulate cortex (aMCC), and
ventral posterior cingulate cortex (vPCC). This pattern of decreased
flow and‘normal’ flow (red ovals) serve as the basis for assessing
impairments in the flow of specific classes of information
throughout the cingulate gyrus.

negative emotional words than letter strings that form
neutral words, Williamson et al. (1991) reported that
psychopaths did not show any difference in reaction
time to emotional and neutral words. Consistent with
this observation, psychopaths are not influenced by
emotional word primes whereas healthy individuals
are. They have difficulty recognizing and generating
emotional prosody in speech. They have difficulty cate-
gorizing metaphors with emotional content and have a
specific deficit in semantic judgments that involve
emotional content. The study reporting three inactiva-
tion sites in the psychopathic cingulate cortex was
based on the memorization, rehearsal and recognition
of word lists with neutral and with emotional content
(Kiehl et al., 2001).

The ACC has been implicated in conspecific vocaliza-
tion in monkeys including the separation call of infants
(Mtller-Preuss et al., 1980) and it is known to receive
auditory afferents (Vogt & Barbas, 1988). Ablations in
the pACC severely disrupt conditioned and spontane-
ous vocalizations in monkeys (Aitken, 1981) and a
detailed consideration of this functional part of pACC is
presented in Chapter 15. Thus, a role in behaviorally
relevant, emotional vocalization for this region is pre-
dicted for primates.

Hariri et al. (2003) observed that when subjects chose
which of two verbal labels (‘natural’ - e.g., snake or
‘artificial’ - e.g., gun) matched a threatening pictorial
target, compared with a condition in which subjects
chose which of two pictorial threat stimuli matched a
threatening pictorial target, pACC was activated. The
verbal labeling condition was also associated with
down-regulation of amygdala activity whereas the
matching condition was associated with increased amy-
gdala activity. Given the evidence of pACC dysfunction
and the emotion-specific language impairment in
psychopathy, these findings suggest that the typical
modulatory effect of language on amygdala-mediated
emotional responses is dysfunctional in psychopathy.

Kuperberg et al. (2008) used ‘sentence violations’ to
evaluate BOLD responses including those associated
with syntactic violations in sentence structure in a
study of human language. They reported a large activ-
ation site in pACC as shown in Figure 26.2B (#3.). They
suggested that attempts to determine actions described
by verbs and arguments presented in a sentence were
responsible for such activity. It was also considered
that, as the button-pressing task was common to the
‘non-violated sentence’ condition, this activity was not
responsible for the pACC response. As this activity is in
pACC, one might assume that it is associated
with the emotional motor aspects of language process-
ing and may precede facial expression and other
aspects of emotional output as predicted by the four-
region neurobiological model outlined in Chapter 1.
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Co-registration of the first two inactivation sites
observed by Kiehl et al. (2001) to ACC in Figure 26.2B
shows that these sites largely overlap.

By contrast, the generation of action verbs is also
associated with the aMCC subregion. Raichle et al. (1994)
used positron emission tomography (PET) to show acti-
vation of aMCC during the generation of verbs to noun
lists and reduction in the signal with repetition of the
task. The location of the novel activation site is shown
in Figure 26.2B as #2. All three studies have an overlap
in aMCC as shown in Figure 26.2B. Thus, verb genera-
tion in relation to skeletomotor output is differentiated
from the behavioral output associated with emotional
context.

Miiller et al. (2003) observed reduced activity in dPCC
criminal psychopaths while viewing pictures with
emotional valence as shown in Figure 26.2A. A similar
subregional activation has been generated with the
auditory presentation of threatrelated words (Maddock
& Buonocore, 1997). Interestingly, the exact impair-
ment in PCC in psychopaths is not yet resolved as Kiehl
et al. (2001) inactivated the vPCC during performance of
an affective memory task; either indicating critical dif-
ferences in the task responses or variability in different
populations of psychopathic subjects. It is possible that
a third language-related symptom in psychopaths origi-
nates in the inactivation in dPCC.

Thus, inactivations in the psychopathic brain of
PACC, aMCC, and dPCC appear to assure that both the
contextual evaluation of emotional output and verbal
actions are disrupted. Verbal links between action,
expression, and emotional valencing appear to all be
impaired in the psychopathic brain and are critically
dependent on cingulate cortex.

These impairments can be understood within a devel-
opmental context. Werner and Kaplan (1963) maintain
that the nature of experience is determined by the
words or other symbolic mode of expression used to
describe it. Symbolization is a structure-building, sche-
matizing activity that promotes a developmental proc-
ess. According to Werner’s orthogenetic principle
(1957), wherever development occurs it proceeds from
a state of globality and lack of differentiation to a state
of increasing differentiation, articulation, and hierar-
chic integration. Thus, the emotion-specific language
impairment that psychopaths have is likely associated
with relatively undifferentiated knowledge of their
own emotions or the emotions of others and a concom-
itant relative failure to convert automatic, implicit
emotional processes to consciously explicit emotional
experiences. Moreover, this process of psychological
development likely involves recruitment of cingulate
subregions and their associated top-down modulatory
effect on subcortical structures such as the amygdala
(Lane, 2008). Thus, the emotion-specific language
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impairment in psychopathy is likely linked to the shal-
low emotions, lack of empathy, and callous interper-
sonal behavior of psychopaths.

Altered Information Flows into and
Through the Cingulate Gyrus: An
Information-Processing Impairment
Theory of Psychopathy

Localization of impairments in cingulate subregions is
an important step in understanding the structural sub-
strates of psychopathic behavior. It is clear that disrupted
behavior in psychopaths does not result from general
impairments in attention or emotion or in global cere-
bral perfusion. The localized disruptions in cingulate
functions shown with neuroimaging require a model of
specific connection inactivations not currently availa-
ble in this literature. Indeed, the psychopathology lit-
erature has not addressed specific pathway disruption
in any system but focuses rather on global network
functions and large structures (i.e., amygdala, insula,
prefrontal cortex, etc.). We propose that disruptions in
the cingulate gyrus are associated with impaired
sensory processing, altered links to autonomic output,
disorganization of input from the subjects of their
repeated criminal activity, and impairments of process-
ing of self-relevant information. Indeed, no studies
address alterations in the flow of information within
the cingulate cortex of the psychopathic brain.

It is striking how reduced processing in a few subre-
gions could lead to the disruption of entire classes of
cingulate circuitry. Indeed, there appear to be a number
of inputs and intracingulate circuits that have reduced
activity and others that may have normal blood flow
but lack important afferent information from the
impaired subregions. For example, the rCPMA is most
profoundly impaired because of reduced activity in the
gyral aMCC and altered inputs and this was confirmed
by ERN studies (cited above). In contrast, the pMCC and
the caudal CPMA (cCPMA) in the sulcus are relatively
intact. It is the information input and properties of
the cCPMA that shift the balance of motor activity
toward a focus on immediate results and the former to
emphasize failed responding to negatively valenced
events. Thus, we look for two classes of circuits to
explain psychopathic behavior; ones that are severely
reduced and ones that are relatively normal but their
output without the rostral affective output system pro-
duces abnormal behaviors.

The six-stage model of access and flow of valenced
and context-dependent sensory information presented
in Chapter 13 serves as a key to interpreting symptoms
of the psychopathic brain. Two critical aspects of
disrupted information flow include the following.
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First, a reduced activity during the coding of valenced
sensory stimuli from orbitofrontal (OFC), middle tem-
poral gyrus (MTG), and interior parietal cortex (IP) to
vPCC as shown in blue in Figure 26.4. Second, failure
in coupling between autonomic output (blue dotted
line, #1.) and events associated with emotional process-
ing (blue solid lines #2. and #3.) are also shown.
Subsequent alterations of outputs to the facial nucleus
(motor nucleus of VII), basolateral and basal accessory
nuclei of the amygdala (BL/BA), ventral tegmental area,
lateral hypothalamus, periaqueductal gray (PAG) from
ACC and to the BL/BA, nucleus accumbens, lateral
hypothalamus, PAG, pontine nuclei, and the spinal
cord from aMCC are shown with dashed lines. Finally,
the flow of information into some subregions with
apparently normal blood flow is also postulated for
daMCC and sACC. One of the main outcomes of this
information-processing model is that emotion is not
processed as a singular and integrated construct as in
holistic models but rather in small submodal codes
that can be handled by aggregates of neurons. Although
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Fig. 26.4 A.Co-registration of the three sites of reduced blood flow
(solid blue from Kiehl et al, 2001, and the subregion associated with
the face and conscious emotional awareness F) to a postmortem
case in which the subregions were identified histologically (red ovals
for subregions of unchanged blood flow). B. Reduced blood flow is
one reason to postulate disrupted processing in particular circuits
shown with blue arrows: solid lines are cingulate sensory access from
neocortical areas; dashed lines are impaired outputs; dotted line
emphasizes disruption of the sensory-autonomic coding system
through the subgenual anterior cingulate cortex (sACC) to
autonomic regulatory structures.
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emotion, like pain, might be perceived as psychologi-
cally uniform, it appears unlikely that the brain can
process such complex information as a single coded
entity. The behavioral impairments in psychopathic
individuals involving some but not all emotional func-
tions support this view.

Serial processing of emotion through
cingulate cortex

Studies of cingulate functions, subregional localiza-
tions, and connections lead to the view that valenced
and context-dependent sensory information must be
processed through a series of intracingulate connec-
tions via a six-stage processing scheme that begins with
entry of such sensory information to the vPCC as
discussed in Chapter 13. It is an interesting fact that
psychopaths have the sensory capability to identify
some but not all differences in facial expression (Deeley
et al., 2006). Activity in the fusiform gyrus, a region
involved in facial recognition and likely monitored by
vPCC, shows an increase in BOLD signal when observ-
ing happy faces versus controls, while the activity in
this region was reduced while observing fearful faces.
Thus, a precursor signal for negative facial expression
precedes the inactivation noted in valence coding of
selfrelevant information in vPCC. Indeed, the impair-
ment in empathy, discussed above, may link to an early
stage in facial distress cues that do not enter cingulate
cortex. The concern here is the subsequent processing
failure in cingulate cortex itself.

It is at the vPCC node in the six-stage circuit that
context plays a particularly critical role in selecting
among sensory information for coding in the cingulate
gyrus and this leads to the view that emotion is proc-
essed according to submodalities. An important aspect
of emotional relevance is the context in which an
object or event occurs. The vPCC is active during con-
text-dependent processing of visual stimuli (Bar &
Aminoff, 2003). Although these investigators used the
generic concept of retrosplenial cortex, the areas they
activated were perisplenial and included both retros-
plenial areas 29 and 30 and vPCC areas v23ab. Context
from the visual system and emotional valence from
SACC combine in vPCC for transmission of self-relevant
objects and events into the cingulate gyrus for emotion-
relevant processing and movements. As valences are
assigned in ACC, the ACC stores those memories
(George et al., 1995, 1996; Mayberg et al., 1999), regu-
lates autonomic activity associated with emotion,
and no non-emotion activity drives it (Vogt et al., 2003).
In this framework, the reciprocal connection between
vPCC and ACC is very important. An important hypoth-
esis for vPCC function suggests that it selects among
emotion and non-emotion events and assesses their self
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relevance with sensory context and interactions with
ACC before further processing ensues. Thus, vPCC is a
gateway for multisensory information processing and
entry into the cingulate gyrus for processing as emo-
tionally relevant information.

The pivotal role of vPCC/RSC impairment to psycho-
pathic processing functions is critical because informa-
tion for decision making, empathy, and language are
disrupted at this pivtal node in the connection series to
rostral parts of cingulate cortex. Indeed, the failure of
PACC to activate along with vPCC almost guarantees
that appropriate coding of context and significance
cannot occur in the psychopathic cingulate cortex. The
consequences of this organization in terms of cingulate
information processing (Vogt et al., 2003, 2006) are
reflected in the following specific observations.

First, the link between emotion and autonomic out-
put regulation does not occur uniformly throughout
the cingulate gyrus but in ACC, with an emphasis on
SACC, where direct projections to autonomic structures
are well established as reviewed in Chapter 10. As
shown in Figure 26.2, Meyer-Lindenberg et al. (2006)
showed a vulnerability site in individuals with the short
allele of monoamine oxidase A gene that is correlated
with impulsive aggression in this region. As Figure 26.3
of the work of Kiehl et al. (2001) shows that SACC might
have normal levels of blood flow in psychopaths, one
must attribute the autonomic failure to pACC, the amy-
gdala or their interaction.

Second, emotion-associated activity in PCC is exten-
sive (Fig. 26.1) but, in contrast to ACC, there are many
studies that show that non-emotional stimuli also acti-
vate this region (white dots in the figure). It is likely
that this region is constantly engaged in surveying for
context-relevant information via reciprocal connec-
tions with ACC where emotional information is stored.
The vPCC appears to serve as a gateway whereby
emotional information enters the cingulate gyrus based
on valence and context coding for use in self-relevant
processing and ultimate guidance of choices and
premotor output.

Context-dependent sensory afferent
failure: vPCC

Figure 26.4 shows the vPCC site (#3.) in blue that is
inactivated in psychopaths as well as the correlated
clusters of interest in a basal glucose metabolism study
(Vogt et al., 2006). These latter regions include the
inferior parietal, orbitofrontal, and middle temporal
cortices. All of these inputs are in blue as the entry of
multisensory information via them into the cingulate
gyrus is presumably blocked in the psychopathic brain.
This information block further interferes with activity
in intracingulate circuits to both divisions of ACC. The
projection through sACC is emphasized with a dotted
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blue line that points to a key disruption in direct cou-
pling of self-relevant information to the autonomic
control division of sACC. Further disruptions of inflow
into the rostral CPMA are via intracingulate inputs
from the pACC face region (pathway #4.) and the gyral
surface of aMCC (pathway #5.). Thus, self-relevant,
valenced, and context-dependent information fails to
enter the cingulate gyrus and does not guide cingulate
motor outflow as proposed for normal individuals in
Chapter 13. This fact in itself could account for a large
part of why empathetic responses are weak in the psy-
chopathic brain. One of the pivotal consequences of
impaired self-relevant, cingulate input and flow through
is disruption of cingulate output systems.

Altered output functions

One of the over-riding perspectives throughout this
book is the pivotal role of ACC and MCC in regulating
autonomic and skeletomotor outputs, respectively.
Given the pivotal role of cingulate cortex in behavior,
therefore, the specific impairments observed in the
psychopathic brain can have devastating implications.
Figure 26.3 shows that the superior parietal inputs
reported previously (Vogt et al., 2006; Chapter 13) are
intact and drive the dPCC and caudal CPMA. Indeed,
the intracingulate circuitry is also likely ‘intact’ as
shown with the paired arrows (pathways #1., #2., and
#3.). At this point it is a noteworthy fact that the rostral
and caudal CPMAs have different functions and these
assist in understanding the substrate of impaired skel-
etomotor function in psychopaths; that is, the over
focus on short-term goals and inability to match behav-
ior to achieve long-term goals. As discussed in Chapter 5,
the rostral CPMA (also termed the rostral cingulate
motor area) has long lead times between neuron dis-
charges and coordinated movements, while neurons in
the caudal CPMA have very short delays and are more
easily driven by passive rather than active joint move-
ments. Thus, the intact caudal CPMA to the exclusion
of an adequately controlled rostral CPMA could account
for the short-term focus of psychopathic behavior. It is
also interesting that the daMCC, which is critically
involved in Theory of Mind functions, is relatively
intact and could provide a substrate for partial under-
standing of other’s internal state and a limited use of
this information to accomplish personal goals. The out-
puts of SACC and pMCC are summarized in Figure 26.5.
It is unclear to what extent these outputs are disordered
in the psychopathic brain, although they are certainly
vulnerable.

One approach to evaluating impairments in psycho-
pathic information processing is to consider cortical
influences on autonomic regulation. The MCC and
dorsomedial prefrontal cortex have autonomic regula-
tory functions that are mediated by direct neural
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Fig. 26.5 Inflow from the superior parietal cortex (SP),
intracingulate projections (#1, #2, #3.) and specific outputs to
subcortical structures (vertical arrows) appear to be‘intact’ as coded
here in red.Intact’ is used with reservation because the balance of
long-term outputs from the rostral rostral cingulate premotor area
(CPMA) is lacking and this drive of limbic motor systems can lead
to an unregulated autonomic and skeletomotor outputs.

connections with subcortical visceromotor centers such
as the lateral hypothalamus and periaqueductal gray as
discussed in detail in Chapter 15. Lane et al. (2001) have
observed a positive correlation between the high fre-
quency, vagal component of heart rate variability and
activity in the medial prefrontal area 10. Thus, these
centers, when activated in conjunction with conscious
emotional experience, have a tonic inhibitory effect
mediated through the dorsal motor nucleus of the
vagus, the nucleus ambiguus, and the nucleus of the
solitary tract as discussed in Chapter 10.

Two other studies have examined the neural corre-
lates of vagal tone during the performance of stressful
cognitive tasks. Gianaros et al. (2004) observed a posi-
tive correlation between high-frequency-heart rate
variability and sACC activity during the n-back memory
task. Matthews et al. (2004) observed a positive correla-
tion between this same parameter during the Counting
Stroop task performed outside the scanner and sACC
activity during the execution of the Counting Stroop
task in the scanner. Differences in the correlation
between vagal tone and the specific locus of brain activ-
ity may be due to differences in the tasks performed in
the studies as the emotional stress in the latter two
studies probably occurred as background feelings.
Given the dense interconnections between prefrontal
cortex and the sACC and that the latter structure has
the most dense projections to subcortical autonomic

centers such as the dorsal motor nucleus of the vagus
and nucleus of the solitary tract, the sACC appears to
be a final common pathway from the frontal lobe to
regulate autonomic outputs.

Summary of the Role of Cingulate
Cortex in the Functional Anatomy of
Psychopathic Behavior

We are now in a position to link together the behavioral
observations in psychopathy - the deficits in emotion-
related language, negative-valenced facial responses,
orienting, and emotional impairments - with the clini-
cal behavioral and affective features of psychopathy
through consideration of the underlying functional
neuroanatomy. We have discussed the distinction
between implicit and explicit emotional processes and
the concept that the latter is modified with develop-
ment. Specifically, through the use of language and
other modes of symbolic representation as with facial
expression, the capacity to experience discrete feelings
in a complex and differentiated way develops over time.
This capacity determines the extent to which a person
can feel emotions oneself and appreciate the emotions
that others have as well. One conclusion that we can
reach is that psychopaths have impaired development
of emotional awareness and the disruption in informa-
tion processing in the cingulate gyrus remains through-
out the life of an adult psychopath.

A second conclusion is that the behavioral and
emotional features of psychopathy are inter-related.
As we have seen above, the transmission of affective
information from subcortical to cortical structures in
the cingulate gyrus is associated both with the con-
scious instantiation of feeling AND the top-down modu-
lation of visceromotor and skeletomotor expressions
of emotion. Lower emotional awareness or emotional
intelligence is characterized by impulsive behavior,
an inability to delay gratification, and a tendency for
action rather than contemplation. From this perspec-
tive, we can appreciate how deficits in vPCC, pACC,
and aMCC may explain many of the clinical features of
psychopathy.

It appears that there are two fundamental problems
in the brain of psychopaths: an under-functioning amy-
gdala and a deficit in those brain structures mediating
the capacity for symbolic representation of emotion.
These deficits will limit both implicit and explicit pro-
cesses and the evidence from startle, memory, and
imaging paradigms all suggest a primary deficit in
amygdala functioning. As the amygdala plays a key role
in emotional responses to both interoceptive and
exteroceptive stimuli, and as it has substantial and
reciprocal connections with the ACC, we can conclude
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that psychopaths are deficient in their ability to gener-
ate emotional responses. Chapter 9 presents the case
for ACC mediating amygdalar activity during extinction
associated with faces coding for surprise. Impairment
of pACC and aMCC functions in the psychopathic brain,
therefore, suggests a loss of cortical control over the
amygdala.

With regard to explicit processing, the emotion-
related language impairment in psychopathy will limit
the function of the vPCC as the gateway to other sub-
sectors of the cingulate gyrus. The vPCC is involved in
evaluating the personal or emotional significance of
exteroceptive information. One may speculate that
this is a key structure that participates in the language-
driven development of the emotional schemata funda-
mental to the development of emotional awareness.
The vPCC is densely connected to the sACC, and the
two together evaluate the emotional significance of
stimuli, the output of which is fed to autonomic, skele-
tomotor, and amygdalar structures. To the extent that
this mechanism is deficient in evaluating the emo-
tional significance of incoming information, it is to be
expected that psychopaths fail to have insight into
their own emotional experience as well as that of
others. The cingulate-mediated failure of empathy must
be a key to the relationships, behaviors and crimes of
the psychopath.
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