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Emotional empathy—the ability to recognize, share in, and make inferences about another person’'s emotional state—is critical
for all social interactions. The neural mechanisms underlying emotional empathy have been widely studied with functional
imaging of healthy participants. However, functional imaging studies reveal correlations between areas of activation and per-
formance of a task, so that they can only reveal areas engaged in a task, rather than areas of the brain that are critical for the
task. Lesion studies complement functional imaging, to identify areas necessary for a task. Impairments in emotional empathy
have been mostly studied in neurological diseases with fairly diffuse injury, such as traumatic brain injury, autism and dementia.
The classic ‘focal lesion’ is stroke. There have been scattered studies of patients with impaired empathy after stroke and other
focal injury, but these studies have included small numbers of patients. This review will bring together data from these studies,
to complement evidence from functional imaging. Here | review how focal lesions affect emotional empathy. | will show how
lesion studies contribute to the understanding of the cognitive and neural mechanisms underlying emotional empathy, and how
they contribute to the management of patients with impaired emotional empathy.
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dissociable systems: one developmentally and phylogenetically
‘early’ system for emotional contagion—the ability to recognize

Introduction

Most social interactions hinge on the degree to which the partici-
pants have or display empathy—the ability to share in, and make
inferences about, another person’s cognitive and emotional state.
From the cognitive neuroscience literature, two somewhat distinct
models of empathy have emerged. One model specifies two

and share the feelings of another person—and one developmen-
tally; and phylogenetically ‘later’ system for perspective-taking—
the ability to make inferences about what another person is
thinking or feeling (Shamay-Tsoory, 2011). These systems are
seen to operate in parallel and depend on distinct neural
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structures. A competing model includes these same cognitive
functions as stages or components of processing within a single
system underlying empathy. That is, emotional empathy may
require one to become aware of the emotional state of the
other person and identify with it to some degree (emotional con-
tagion), then ascribe the emotion to another agent and suppress
one's own perspective (perspective-taking) (Decety and Jackson,
2004).

I will not attempt to summarize the main points of this vast
literature, but refer the reader to outstanding reviews from the
cognitive neuroscience standpoint (Adolphs, 2003; Frith and
Frith, 2003; Decety and Jackson, 2004; Decety, 2011) and from
developmental psychology (Johnson, 2000; Bartsch 2002; Meltzoff
and Decety, 2003). A third possibility that | will raise is a synthesis
of these two models, in which both emotional contagion and per-
spective-taking are complex cognitive processes with a number of
shared underlying cognitive mechanisms and neural substrates. For
example, perspective-taking includes the ability to make both af-
fective and non-affective (e.g. visuospatial) third-person judge-
ments, which are dissociable (Schnell et al., 2011; Sebastian
et al., 2012). | will refer to these processes as affective perspec-
tive-taking and cognitive perspective-taking. The difference be-
tween these functions is illustrated with the following example.
You are told that your friend, David, had a dinner date with his
fiancée, Catherine. Catherine called to say she could not make
dinner, because she had to work late in surgery. David's sister
later informed David that she had seen Catherine that night
having dinner at a restaurant with her ex-husband. You can (i)
infer that David is likely to believe that Catherine lied to him
(cognitive perspective-taking); (i) infer that David is likely to feel
angry and jealous (affective perspective-taking); and (iii) share
David's anger (emotional contagion). On the other hand, you
might not only infer that David feels angry, you might feel sym-
pathy (concern or pity, motivating kindness) towards David.
Likewise, after brain damage, one might be able to share in the
emotions of another without being able to make explicit infer-
ences about the emotions of the other person, or vice versa.
That is, these component cognitive processes are at least theoret-
ically dissociable. However, ‘development’ of affective perspective-
taking, and certainly ‘the development’ of emotional contagion,
may depend on recognition of others’ emotions through facial
expression and prosody. That is, it is difficult to imagine how
one could learn that other people feel certain emotions in specific
circumstances or learn to ascribe their own feelings to other
people without recognizing those emotions in other people, at
least on occasion.

Perhaps the most helpful definition of empathy has been pro-
vided by de Vignemont and Singer (2006), who propose that em-
pathy exists if four criteria are met: (i) the individual is an affective
state; (i) the affective state is isomorphic to that of another
person; (iii) the affective state is achieved by imagining or obser-
ving the affective state of the other person; and (iv) the individual
attributes the source of their own affective state to the other
person. Empathy is distinct from sympathy, because when one
sympathizes, the affect (concern) the individual feels towards an-
other person (or group) may not be the same as the affect of the
other(s). Although de Vignemont and Singer (2006) also
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distinguish empathy from both emotional contagion and perspec-
tive-taking, my view is that emotional contagion and affective
perspective-taking are components of emotional empathy.
Emotional contagion (alone) meets the first three criteria, but
the individual does not attribute the source of the affective state
to the other person, so they cannot make inferences about the
other person’s needs or likely actions [epistemological and proso-
cial roles of empathy described by de Vignemont and Singer
(2006)]. Affective perspective-taking (alone) meets the last three
criteria, but the person may not be in an affective state them-
selves. These criteria are not the same as distinct cognitive pro-
cesses underlying empathy. Most investigators of neurologically
impaired populations have studied only major components of em-
pathy, such as emotional contagion and perspective-taking.
However, each of these components likely requires a number of
dissociable processes that might be individually affected by brain
damage (Table 1). Emotional contagion involves suppression of
one's own affective state, (not necessarily conscious) awareness
of the affective state of the other person, and adoption of the
affective state of the other person. In our example, suppose you
are pleased that Catherine may be getting back together with her
ex-husband. To empathize with your friend, David, you suppress
that pleasure, and share his anger at Catherine for lying to him.
Affective perspective-taking requires suppressing your own per-
spective, recognizing the affective state of the other person
through observation or imagination, and attributing the state to
the other person. In our example, affective perspective-taking
would entail recognizing that David's anger (just by imagining
the situation), and attributing anger to him. Integrating the two
(the full system of emotional empathy) would entail all of the
above; additionally, it would entail attributing the source of your
feeling anger towards Catherine to your shared feelings with
David. To feel angry at Catherine, you would also have to have
some understanding of social concepts of honesty, faithfulness,
and so on. You might even need to assign some value to these
attributes. Some investigators have tried to dissect cognitive pro-
cesses underlying one or the other of these components, either
through functional imaging studies using paradigms that vary only
by one process or by studying one or more patients with disrup-
tion in a single process. Some studies have even tried to identify
particular areas of the brain responsible for a given process.

The purpose of this review is to examine how focal brain lesions
affect emotional empathy—the ability to share and make infer-
ences about the emotions of another person. | will show how the
lesion literature contributes to the understanding of the cognitive
and neural mechanisms underlying emotional empathy, as well as
how these studies might contribute to the management of pa-
tients with impaired emotional empathy due to stroke and neuro-
degenerative disease. This review was motivated by a recent study
from our Stroke Prevention and Recovery Centre (SPARC), in
which stroke survivors and their caregivers were surveyed about
the motor, sensory, cognitive and other sequelae that impacted
quality of life (including problems with sleep, fatigue, pain, sex,
swallowing, change in personality, walking and so on). Among
caregivers of right hemisphere stroke survivors, the most frequent
residual symptom identified as among the top five most important
problems was 'difficulty understanding the feelings of other people
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Table 1 Cognitive processes underlying emotional empathy
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Emotional empathy Emotional contagion

Affective perspective-taking

Contributing representations:
meaning of social concepts
(e.g. loyalty, honesty)

to that of another person
Integration of emotional
contagion and affective
cognitive perspective
taking permits:

Suppression of one's own (earlier) affective state

Arousal and awareness (conscious or unconscious)
of the affective state of the other person
(through observation or imagination)

Adoption of a new affective state that is isomorphic

Suppression of one's own perspective
Recognition of the affective state of the other
person (through observation or imagination)

Attribution of the affective state to the other
person (requires cognitive flexibility, ‘mentalizing’)

Attribution of the source of one’s newly adopted affective state to the other person

Emotional regulation

(loss of emotional empathy)' reported by 50% of spouses or adult
children (Urrutia et al., submitted for publication). This problem
was rarely identified as an important problem by survivors them-
selves or by caregivers of left hemisphere stroke survivors. The
clinical significance of loss of empathy has been more often recog-
nized among clinicians and investigators of behavioural variant
frontotemporal dementia (FTD) (Rankin et al., 2005; Eslinger
et al., 2011; Rascovsky et al., 2011), and there have even been
some preliminary studies of treatment to improve empathy in this
population (Eslinger, 1998; Finger, 2011, Jesso et al., 2011). It has
been proposed that neuromodulary interventions, such as tran-
scranial magnetic stimulation or transcranial direct current stimu-
lation might prove useful in treatment of empathy (Hétu et al.,
2012), but these interventions would require a better understand-
ing of the neural networks underlying the various cognitive func-
tions that comprise empathy, to focus inhibitory or excitatory
stimulation.

The neural mechanisms underlying empathy have been widely
studied with functional imaging of healthy participants. These stu-
dies have converged in support of the proposal that medial pre-
frontal cortex, anterior insula, anterior cingulate, and amygdala,
and temporoparietal junction are important for particular broad
components of empathy, such as emotional contagion or cognitive
perspective-taking. However, it is widely recognized that func-
tional imaging studies reveal correlations between areas of activa-
tion and performance of a task, so that they can only reveal areas
engaged in a task, rather than areas of the brain that are critical
for the task (Robertson et al., 1993; Schoenfeld et al., 2002;
Fellows et al., 2005; Squire et al., 2007). Lesion studies are
useful as a complementary approach, to test whether regions acti-
vated during a task, such as a measure of cognitive or affective
perspective-taking, are indeed necessary for that function.
Impairments in empathy have been studied in a number of neuro-
logical disease states, but primarily in neurological diseases with
fairly diffuse, bilateral (although often asymmetric) damage or
dysfunction, such as autism (Dziobek et al., 2008), traumatic
head injury (Eslinger, 1998; McDonald and Flanagan, 2004;
Neumann et al., 2012), schizophrenia (Hooker et al., 2011; Lee
et al., 2011) and FTD (Viskontas et al., 2007; Eslinger et al.,
2011). The classic ‘focal lesion’ in the neurological literature is
stroke. There have been scattered studies of impaired empathy
after stroke and other focal injury, but these have had each had
small numbers of patients. There have been no recent reviews of

these studies, although together, they provide critical data for
evaluating hypotheses from functional imaging. (Bird et al.,
2004; Stuss and Anderson, 2004; Samson et al., 2007; Roldan
Gerschcovich, et al., 2011; Couto et al., 2013), or have been
studies with mixed lesion types (including only a few stroke
patients).

Here | systematically review all of the focal lesion studies of the
neural correlates of emotional empathy that were reported
in PubMed (using search terms ‘empathy’, ‘theory of mind', or
‘perspective-taking’ in conjunction with ‘emotional’, ‘emotion’,
or ‘affective’, and ‘lesion’, ‘tumor’, ‘CVA', ‘resection’ or
‘stroke’), or cited in review papers found in that search. | will
review only those that investigate specifically emotional empathy,
and not all studies of ‘theory of mind" or emotional recognition,
and exclude studies that do not have imaging or autopsy evidence
of lesion site and aetiology. | propose that, taken together, focal
lesion studies confirm the results from functional imaging studies,
indicating a critical role of medial prefrontal cortex, anterior insula,
anterior cingulate, anterior temporal cortex, and amygdala, at least
in the right hemisphere, in emotional empathy. Lesion studies also
indicate that there are dissociable but overlapping networks
underlying emotional contagion and affective perspective-taking
aspects of emotional empathy (although there is likely no area
specifically devoted to either of these constructs). These lesion
studies show that some of the areas identified by functional ima-
ging studies as engaged in emotional empathy are critical for one
system or the other or both. More importantly, however, | show
that lesion studies can highlight the importance of structures
whose role may be underestimated by functional imaging studies,
such as the right anterior temporal cortex. The data from various
methodologies converge in support of a model of the neural
mechanisms underlying empathy that partially arose from func-
tional imaging, but is refined by the lesion studies. They indicate
that the right anterior insula, anterior cingulate cortex, anterior
temporal cortex, and amygdala may play a role not only in emo-
tional contagion, but also in affective perspective-taking. The role
of these structures may be to integrate information from somato-
sensory cortex and limbic structures with prefrontal cortex and
inferior frontal cortex, that are important for assigning emotion
to other versus self, assigning valence, suppressing one's own
emotion or perspective, and understanding social concepts. The
results provide insights into assessment and management of indi-
viduals with damage to right hemisphere regions in frontal,
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temporal, parietal, cingulate and insular cortex and thalamus,
including stroke and FTD.

Proposed model of the neural
mechanisms underlying
emotional empathy

One component of emotional empathy is the developmentally and
phylogenetically ‘early’ system of emotional contagion system that
may involve the right inferior frontal gyrus and orbitofrontal
cortex. In a resting-state functional connectivity MRI study of
healthy participants, Cox et al. (2012) identified greater connect-
ivity between orbitofrontal cortex, amydala, ventral anterior insula,
and anterior cingulate in individuals who scored higher (by self-
rating) on Emotional Contagion compared with Perspective-Taking
scales on the Inter-reactivity Index (IRI). This emotional contagion
system may be closely linked or overlapping with areas of the
brain necessary for recognizing emotions of others through pros-
ody (tone of voice), facial expression, and gestures. For example,
previous studies have indicated that right superior temporal sulcus,
amygdala and fusiform cortex (Gorno-Tempini et al., 2001) are
critical for recognizing facial expressions, whereas the right super-
ior temporal cortex is critical for comprehension of affective pros-
ody (Ross and Monnot, 2008).

A second major component of emotional empathy is a ‘later’
and higher level system for perspective-taking involving at least
right prefrontal cortex. Emotional perspective-taking also likely in-
volves a number of other cognitive functions such as cognitive
flexibility (Decety and Jackson, 2004; Rankin et al., 2005), atten-
tion and working memory, abstract reasoning (Rankin et al.,
2006), as well as belief attribution and suppression of one's own
perspective (Samson et al., 2004, 2005, 2007). Therefore, while
this system depends on areas essential for affective perspective-
taking in medial prefrontal cortex (Eslinger, 1998; Shamay-Tsoory
et al., 2003), it also engages areas activated more generally in
cognitive flexibility and belief attribution in temporoparietal junc-
tion and superior temporal sulcus (Frith and Frith, 2003; Saxe and
Kanwisher, 2003; Samson et al., 2004; Schnell et al., 2011).

Integrating these two systems are structures engaged in both
emotional contagion and affective perspective-taking that may in-
volve von Economo neurons in the anterior insula and anterior
cingulate cortex (Seeley, 2008) as well as closely related right an-
terior temporal cortex and amygdala.

Although it is likely that none of the brain regions mentioned
above are specifically devoted to emotional empathy, | will focus
on areas for which there is evidence from functional imaging and
brain injured patients that they are particularly important for one
or more aspects of empathy: anterior insula, anterior cingulate
cortex, (ventromedial) prefrontal cortex, temporoparietal junction,
orbitofrontal cortex, inferior frontal cortex, amygdala, anterior
temporal cortex and right thalamus. As noted, functional imaging
studies can only show areas of the brain where neural activation is
correlated with performance on a task. Most of these studies com-
pare two paradigms or one task to a control condition. It is im-
possible to be sure one is testing only what one wants to test; for
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example, if one condition is more challenging than the other, the
activation may reveal areas of the brain associated with ‘challen-
ging' or stressful conditions more than the targeted process.
Nearly all studies report only group data; rarely do all the individ-
uals in the group show all of the peak activations shown by the
group. In fact, it is possible that no individual in a study showed all
of the peak activations; so it may be the case that some individuals
show activation in one area and some in another area. Some areas
are revealed only when the statistical threshold is lowered; these
may be areas identified by chance alone, or areas associated with
the process being investigated (but where there were too few
participants to reveal the association). Given these caveats, here
I report only results from the functional imaging literature that
seem most robust—cases in which numerous functional imaging
studies with different designs and populations of participants have
converged in support of the hypothesis that one or more compo-
nents of empathy engages the particular area of the brain. For
brevity, | will not critique the individual functional imaging studies,
but acknowledge that (like lesion studies), they each have weak-
nesses, and none has provided a comprehensive model of the
neural networks underlying the distinct cognitive processes under-
lying empathy. | will also describe studies that have found lesions
in other areas that have affected emotional empathy, including
bilateral cerebellum, and other areas affected in frontotemporal
dementia, because it is a relatively focal degenerative disease. |
will not discuss studies of other neurodegenerative or psychiatric
diseases that do not have focal lesions. | propose that the systems
for emotional contagion and for affective cognitive perspective-
taking are dissociable, because they have some distinct underlying
cognitive processes that can be individually impaired by brain
damage. However, they have partly overlapping neural substrates,
both because they have some shared cognitive processes and re-
quire integration. Parts of the insula, anterior cingulate, anterior
temporal cortex, and amygdala appear to be critical for both emo-
tional contagion and affective perspective-taking, possibly because
they are necessary for cognitive processes shared by both compo-
nents (Table 1).

The lesion studies are summarized in Tables 2 and 3. Table 2
reports single case studies and small case series of patients who
have been carefully studied (often with a variety of tests) to
evaluate which cognitive processes or tasks are intact and
which are spared. Some of these illustrate a double dissociation
between impaired and spared processes. That is, one patient (or
group) is impaired on one process and spared on the other; and
the other patient (or group) shows the opposite pattern. Such
double dissociations provide evidence that these are independent
cognitive processes. However, these double dissociations do not
permit one to assume that the lesions of the patient(s) with the
impaired process are ‘the’ areas of the brain responsible for cog-
nitive process impaired in each case. Structure-function associ-
ations are likely to be probabilistic (e.g. most but not all
individuals are left hemisphere dominant for language); therefore
statistical associations are required to identify lesion-deficit asso-
ciations. Studies reporting statistically significant associations be-
tween lesion sites and some component of empathy are reported
in Table 3.
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Inability to empathize

Prefrontal cortex

Numerous functional imaging studies have implicated the pre-
frontal cortex in affective perspective-taking (Amodio and Frith,
2006; Hooker et al., 2008). For example, prefrontal cortex is acti-
vated in concert with other regions when participants are asked to
make inferences about how another person would feel if they
were to have full understanding of the situation, as in a false
belief task (Hooker et al., 2008). Similarly, activation of ventro-
medial prefrontal cortex was revealed when affective perspective-
taking was contrasted and cognitive perspective-taking tasks
(Sebastian et al., 2012). A voxel-based morphometry study of
individuals with schizophrenia demonstrated an association be-
tween three measures of ‘theory of mind', including affective per-
spective-taking, and grey matter volume in ventromedial
prefrontal cortex (Hooker et al., 2011). Worse perspective-taking
skills were related to grey matter loss in prefrontal cortex, even
after controlling for global cognitive function.

Focal lesions of prefrontal cortex and
affective empathy

Single cases and case series

Kemp et al. (2013) studied a man years after a right caudate
haemorrhage, when he still showed right orbitofrontal and pre-
frontal hypoperfusion by single photon emission computed tom-
ography (SPECT). He was significantly impaired on a variety of
tasks that required affective perspective-taking and recognition
of sadness or fear. A woman studied 1 year after extensive right
prefrontal and orbitofrontal damage as a result of trauma had
marked deficits across social and executive functions. However,
when studied 7 years later, her performance had recovered on
tests of executive functions and affective perspective-taking,
including the faux pas recognition test (Fisher et al., 2011). The
faux pas test (Baron-Cohen et al., 1997) was designed to evaluate
the appreciation of the difference between the knowledge of the
speaker and knowledge of the listener (cognitive theory of mind or
perspective-taking) and to recognize the emotional impact on the
listener (affective theory of mind or perspective-taking). Another
female studied 87 and 101 days after a bilateral anterior cerebral
artery stroke, affecting bilateral medial prefrontal cortex, showed
no perspective-taking deficits, despite persistent marked deficit in
planning and memory. Her performance on the faux pas test was
at the lower end of the normal range, indicating that affective
perspective-taking may have been a relative weakness (Bird
et al., 2004). Another individual, tested 26 years after an exten-
sive left medial prefrontal and orbitofrontal lesion and bilateral
frontal hypoperfusion on SPECT had persistent deficits on tasks
of empathy and executive functions (Grattan and Eslinger,
1992). In a series of acute stroke patients studied within 48h of
onset of acute right hemisphere ischaemic stroke on a task of
affective perspective-taking that required making inferences
about the emotions of another person from a story or a video,
all three patients with acute infarcts in right prefrontal cortex had
impaired performance on affective perspective-taking (Leigh et al.,
2013). In a longitudinal study of 10 patients with right frontal slow
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growing tumours, two were impaired on empathy tasks before
surgery; five with surgical lesions centred on the right dorsomedial
prefrontal cortex and five with lesions involving the right inferior
frontal gyrus, insula and temporal pole were impaired in affective
perspective-taking tasks immediately after surgery, but mostly re-
covered 3 months later (Herbet et al., 2013).

In summary, in all of these cases, all patients with prefrontal
lesions (usually right, sometimes left or bilateral) tested immedi-
ately after the lesion had deficits in emotional empathy. Affective
perspective-taking was always impaired, if this component was
differentially tested. The patients showed variable recovery,
tested 87 days to 33 years later. Right or bilateral frontal hypo-
perfusion was associated with poor recovery, in the few cases it
was reported.

Group studies

An early study by Eslinger et al. (1996) of 37 adults with diverse
brain injuries (including trauma, encephalitis, ruptured aneurysm,
and multiple sclerosis) evaluated with an empathy scale that evalu-
ates role-taking and perspective-taking ability and a questionnaire
of emotional empathy found no significant association between
cognitive perspective-taking and emotional empathy whether
family members or patients’ ratings were used. Although they
provided no direct evidence in the form of statistical associations,
they speculated that dorsolateral prefrontal lesions were respon-
sible for deficits in cognitive empathy (cognitive perspective-
taking), whereas orbitofrontal lesions might be responsible for def-
icits in emotional empathy, on the basis of the cognitive tasks with
which the separate scores were correlated.

Shamay-Tsoory et al. (2003) have carried out a series of de-
tailed studies of affective and cognitive empathy in patients with
focal lesions. All have included patients with traumatic brain injury
(with and without haematoma), meningioma, glioma, and a few
strokes. An early study showed that 25 patients with left or right
prefrontal lesions were impaired on empathy tasks, whereas 17
patients with right posterior lesions were impaired on empathy
and emotional recognition (Shamay-Tsoory et al., 2003). A later
study demonstrated that 36 patients with prefrontal lesions were
impaired relative to controls and relative to 15 patients with par-
ietal lesions, on empathy (Shamay-Tsoory et al., 2004).
Furthermore, patients with right, but not left, parietal lesions,
were also impaired on empathy. Another study revealed that
right ventromedial, but not dorsolateral, prefrontal lesions, were
significantly impaired in affective perspective-taking (Shamay-
Tsoory et al., 2007).

Another study (Shamay-Tsoory et al.,, 2009) of 30 patients
included 11 with (mostly right) ventromedial prefrontal lesions,
compared with eight patients with (mostly left) inferior frontal
lesions, and 11 patients with right posterior lesions involving the
superior temporal gyrus and temporoparietal junction, and healthy
controls, using the IRI self-ratings (Davis, 1983). This test is gen-
erally self-administered, and includes four question types, designed
to evaluate affective empathy (empathetic concern and personal
distress) and cognitive empathy (perspective-taking and fantasy
scales). Patients with (right) ventromedial prefrontal cortex lesions
were significantly more impaired than other groups on the per-
spective-taking only, whereas patients with inferior frontal cortex



988 | Brain 2014: 137; 981-997

lesions were more impaired on emotional contagion; and the pos-
terior lesion group showed no difference from normal control sub-
jects. Thus, right ventromedial prefrontal lesions can cause
impairments in perspective-taking, whereas inferior frontal lesions
can cause impairments in emotional contagion.

In a study of 34 patients with right, left or bilateral prefrontal
surgical lesions, using self- and informant-report measures to
evaluate emotion recognition, empathy, antisocial behaviour,
social conformity, and sociability, Bramham et al. (2009) found
that right unilateral prefrontal lesions were associated with im-
paired recognition of emotion in others. The right prefrontal
lesion group had significantly lower insight regarding this emo-
tional recognition difficulty in comparison with the left unilateral
lesion group, indicated by comparing self to informant measures.

In contrast with the previous studies, Leopold et al. (2012)
found that left, rather than right, ventromedial prefrontal cortex
lesions were more associated with affective perspective-taking im-
pairments. They compared performance of eight patients with left
lesions, seven with right lesions and 15 with bilateral lesions, all
involving ventromedial prefrontal cortex caused by penetrating
traumatic brain injuries, to two comparison groups (one without
brain injuries, one normal control) on the faux pas recognition
task. Those with bilateral lesions were the most impaired, but
performance was not significantly different from those with left
lesions. Those with left lesions had significantly more impaired
performance than those with right lesions. Another study, of pa-
tients studied within a year post-lesion, found that left or right
dorsolateral prefrontal lesions affected empathy more than mesial
prefrontal lesions, although orbitofrontal lesions had the greatest
effect on empathy (Grattan et al., 1994).

Summary

Most of these studies report that right (and often left) prefrontal
lesions are associated with impairments in affective perspective-
taking. The apparently conflicting evidence reported by Bird et al.
(2004) (a single case of bilateral prefrontal lesion with minimal
impairment in affective perspective taking) and Leopold et al.
(2012) (no significant difference between patients with right trau-
matic lesions and controls) illustrates a caveat in lesion studies.
Lesion studies generally assume that if an area is necessary for a
function, then damage to that area should cause impairment of
that function. However, this reasoning is based on the (false) as-
sumption that the structure-function relationships in the brain are
static. We know that, to varying degrees, reorganization occurs,
so that other areas of the brain assume that function of the
damaged area (Jenkins and Merzenich, 1987; Xerri et al., 1998).
Therefore, if a patient is studied long after onset of the lesion,
they may have at least partially recovered from the initial impair-
ment caused by the lesion. Therefore, the lack of a deficit cannot
be interpreted as evidence against the hypothesis that that the
area is normally critical for the function being studied. In cases
of slow growing tumours (menigioma, glioma), the reorganization
may occur slowly over time, so that if the tumour is resected,
reorganization may have already occurred, leaving the patient
with no deficit, even if the tumour was in an area that would
have normally been critical to a particular function. Therefore,
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the lack of a deficit after tumour resection (or in the presence
of a slow growing tumour) or a long time after stroke cannot
be taken as evidence that the area of lesion is not normally critical
for a specific function. Note that only two of the patients with
right frontal slow growing tumours in the Herbet et al. (2013)
study had empathy deficits before surgery. However, when
some of the surrounding tissue was resected, they had deficits
immediately postoperatively. Many were able to recover within
3 months, indicating right prefrontal cortex is not necessary for
recovery of empathy. Likewise in the Leopold et al. (2012) study,
all patients were tested many years after penetrating traumatic
brain injury, so some (with right lesions) may have recovered
from previous deficits. The longitudinal studies demonstrate recov-
ery from initial deficits in affective perspective-taking deficits
caused by right prefrontal lesions. Studying patients at the onset
of an acute lesion, such as stroke (or immediately postoperatively),
allows one to study the effects of lesions before substantial re-
organization or recovery. Acute lesions consistently resulted in af-
fective perspective-taking deficits in the available studies.

These studies also reveal some challenges in studying empathy
with neurologically impaired individuals. Lesions that affect em-
pathy may also impair insight or recognition of one's deficits, or
cause other deficits that complicate assessment. Lesions that affect
recognition of one's own deficits, for example, raise questions
about testing of empathy using standardized tools that often
rely on self-assessment, such as the IRI. Individuals with impaired
insight or awareness of their deficits may respond as they would
have responded before the lesion. Patients with frontal lesions
tend to show an increase in self-report of empathy impairment
6 months after injury, whereas their caregivers report a decrease in
impairment (Grattan and Eslinger, 1990); perhaps because the pa-
tients themselves improve in insight over that time). Likewise,
large right hemisphere lesions are likely to include areas that
affect the ability to recognize emotion from facial cues or prosody
(stress or tone of voice used to convey emotion) (Pell, 2006; Ross
and Monnot, 2008; Dara et al., 2013a). In the Leigh et al. (2013)
study, we were unable to identify double dissociation between
impaired prosody and impaired affective empathy; all patients
with impaired empathy had impaired affective prosody (but the
reverse was not the case). Recognition of facial expressions, ges-
tures and affective prosody (changes in loudness, pitch and
rhythm of voice to convey emotion) might be necessary for de-
veloping emotional contagion, but intact recognition of affective
prosody was not necessary for making inferences about others’
emotions through videos or stories. Nevertheless, deficits in rec-
ognition and/or expression of affective prosody caused by right
hemisphere lesions might be misinterpreted as reduced emotional
concern or impaired affective perspective-taking. Impaired affect-
ive prosody and impaired recognition of facial cues are common
deficits after right hemisphere stroke (Dara et al., 2013a), and if
mistaken for impaired emotional empathy might have substantial
(and potentially preventable) negative influence on social and per-
sonal relationships.

Studying patients with progressive impairments, such as FTD,
allows one to study the effect of relatively focal atrophy in the
absence of recovery or (presumably) reorganization. However,
there is often widespread cerebral dysfunction beyond the focal
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atrophy. Patients with FTD also have impaired insight and recog-
nition of their deficits, making it problematic to assess empathy
using standardized self-assessment tools. Therefore, caregivers' as-
sessments of empathy have been used instead in this population
(Rankin et al., 2005; Eslinger et al., 2011). However, it is difficult
to be certain that caregivers' assessments are accurate, in part
because they also may misinterpret impairments in recognition
or production of prosody or facial expression as a lack of emo-
tional empathy.

In both patients with stroke and FTD, it is important to control
for mood disorders as well as impairments in prosody when eval-
uating empathy. Depression and other mood disorders are
common in both stroke and dementia, and may complicate assess-
ment of empathy (Lee et al., 2001). Some studies have found a
negative correlation between depression and empathy scores
(O'Keeffe et al., 2007), whereas others have found no correlation
(Eslinger et al., 2011). It may be harder for a depressed person to
suppress their own affect to adopt that of the other person.

In summary, functional imaging studies and most focal lesion
studies converge in support of the hypothesis that (ventro-
medial) prefrontal cortex seems to be necessary for affective
perspective-taking before reorganization of structure-function
relationships. There is somewhat more evidence that right
than left prefrontal lesions cause affective perspective-taking
deficits, but more comparison studies are needed to resolve
this issue.

Orbitofrontal and inferior
frontal gyrus

Several functional imaging studies have shown activation in infer-
ior frontal gyrus in association with specific components of emo-
tional empathy or emotional recognition (Chakrabarti et al.,
2006; Dapretto et al., 2006; Gazzola et al., 2006). Most of
these studies point to a role for the inferior frontal gyrus and
orbitofrontal gyrus in emotional contagion (Jabbi et al., 2007).
These regions, especially on the right, are also important for rec-
ognition and expression of emotion through prosody (Ross and
Monnot, 2008) and facial expression. It has been proposed that
the mirror neuron system in this area is important for recognizing
facial expressions and mimicking them, and that this mimicry
forms an important part of developing emotional contagion
(Bodini et al., 2004; Keysers and Gazzola 2006; Shamay-Tsoory,
2011). However, others have challenged the role of mirror neu-
rons in any component of empathy (Decety, 2011). The orbito-
frontal cortex may have a more general role in determining the
valence or importance; medial orbitofrontal cortex activation
seems to be correlated with reward value, whereas activation in
lateral orbitofrontal cortex activity is correlated with value of pun-
ishment (Kringelbach and Rolls, 2004). This area may be import-
ant for modulating the level of empathy, depending on factors
such as familiarity between the empathizer and the target of the
empathy, common traits or experiences, gender, and potential
consequences.
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Focal lesions of inferior frontal gyrus
and orbitofrontal gyrus and affective
empathy

Case study

A patient studied 8 months after right inferior frontal cortex (and
superior temporal gyrus) stroke was reported to be impaired spe-
cifically in suppressing his own perspective. He was unimpaired in
recognizing the beliefs, emotions and perspectives of another, as
long as he did not hold a strong belief of his own. This case
provides evidence that suppressing one's own belief dissociates
from perspective-taking, although the association with inferior
frontal cortex is less clear (Samson et al., 2005).

Group studies

In a study of 30 patients, eight with inferior frontal lesions had
impaired emotional contagion (measured with the IRI), compared
with patients with lesions involving the prefrontal cortex (who had
impaired perspective-taking) and patients who had posterior le-
sions (who were unimpaired) (Shamay-Tsoory et al., 2009). A
group of 28 patients 6-26 years after moderate to severe trau-
matic brain injury, some of whom had focal lesions involving orbi-
tofrontal or dorsolateral frontal cortex damage, were significantly
impaired on tests of empathy (faux pas test), theory of mind, and
recognition of emotions. However, only impaired recognition of
emotions correlated with damage to orbitofrontal
(Spikman et al., 2012).

cortex

Summary

As in many of the previous studies, limitations of these studies
include the fact patients were studied at quite heterogeneous
time periods after injury, so that some may have undergone ex-
tensive reorganization or recovery. Also traumatic brain injury
[included in both the Shamay-Tsoory et al. (2009) study in a
few cases and all of the cases in the Spikman et al. (2012)
study] often has diffuse effects on the brain, beyond the focal
damage seen on CT or MRI. Nevertheless, the significant correl-
ation between severity of deficit in recognizing emotions and
degree of damage to orbitofrontal cortex indicates that this area
may be important in recognizing emotions of others.

In sum, the functional imaging literature provides evidence for a
role of inferior frontal gyrus and orbitofrontal gyrus in emotional
contagion. Lesion studies provide evidence that these areas are
critical for emotional contagion, or at least one aspect, emotional
recognition. The right inferior frontal gyrus may also be critical for
suppressing one's own perspective.

Amygdala

Two  quantitative, coordinate-based  Activation  Likelihood
Estimation meta-analysis (Turkeltaub et al., 2002), including one
analysis of 112 functional MRI studies of emotional empathy
(Bzdok et al., 2012) and one analysis of 32 functional MRI studies
of empathy for pain (Gu et al., 2012) identified activation in
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amygdala in association with empathy. In the analysis by Bzdok
et al. (2012), the common area of activation associated with emo-
tional empathy was confined to the right amygdala. One recent
functional imaging study specifically focused on the role of the
amygdala in empathy by evaluating the effects of intranasal vaso-
pressin on activation in amygdala and other brain regions during
empathy in a functional MRI study of emotional empathy
(Brunnlieb et al., 2013). Results indicated that vasopressin modu-
lated right amygdala activation associated with emotional empathy
and increased connectivity between right amygdala and medial
prefrontal cortex as well as inferior parietal cortex during the emo-
tional empathy task.

Lesions of the amygdala and emotional
empathy

Single cases/case series

Two females with selective damage to bilateral amygdala caused
by Urbach-Wiethe disease were found to have deficits in emo-
tional but not cognitive empathy (Hurlemann et al., 2010). These
patients showed normal learning of an association task when non-
social re-inforcers, but not when social re-inforcers were used for
training. Furthermore, intranasal oxytocin, a neuropeptide that af-
fects amygdala function, increased emotional but not cognitive
empathy, in healthy males, and improved their learning perform-
ance on the association task when social, but not non-social,
re-inforcers were used (the opposite pattern to the females with
bilateral amygdala lesions).

In the Leigh et al. (2013) study of acute stroke lesions that
affect emotional empathy, right amygdala was one of the areas
where acute infarct was consistently associated with impaired af-
fective perspective-taking. Stone et al. (2003) also reported that
two patients with acquired bilateral amygdala lesions were
impaired on two affective perspective-taking tasks. Errors were
unrelated to level of difficulty of the items, indicating it was not
a general impairment, but specific to empathy.

Summary

The amygdalae are involved in a variety of emotional processes;
lesions in right or bilateral amydala consistently interfere with per-
formance on emotional empathy tasks, whether they tap primarily
emotional contagion or affective perspective-taking. A proposed
role of the amydala is in its contribution to the assessment of
emotional salience (Critchley, 2009).

Right temporal pole

Functional imaging studies have typically revealed temporal pole
activation in association with ‘mentalizing’ or cognitive perspective
taking (Meyer et al., 2013). However, voxel-based morphometry
studies of behavioural variant FTD, a neurodegenerative disease
that is manifest primarily by changes in comportment and social
behaviour (Rascovsky et al., 2011) reveals a specific role of right
temporal pole in emotional empathy—both in emotional conta-
gion and affective perspective-taking. Emotional empathy has
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been reported to be more impaired in patients with behavioural
variant FTD than in other dementias (Rankin et al., 2005). Voxel-
based morphometry allows identification of structure—function re-
lationships by determining the correlation between volumes of
grey matter (loss) in particular areas and performance on behav-
jours that depend on those areas. Rankin et al. (2006) carried out
a voxel-based morphometry study of 123 patients with
Alzheimer's disease, progressive supranuclear palsy, corticobasal
degeneration, and FTD using caregivers' ratings on the IRI
(Davis, 1983) to evaluate empathy. They found that impairments
in empathy measured by the sum of empathetic concern (reflect-
ing emotional contagion) and perspective-taking significantly cor-
related with the volume of grey matter right temporal pole,
fusiform gyrus and medial inferior frontal region. The empathetic
concern subscale alone correlated with volume of grey matter in
the right temporal pole, caudate/subcallosal gyrus and inferior
frontal gyrus; whereas perspective-taking correlated with atrophy
in the right temporal pole, right and posterior fusiform, and right
caudate/ subcallosal gyrus. Therefore, the right temporal pole
might be critical for both emotional contagion and affective per-
spective-taking, or integrating the two, or it might have a more
general role in representing social concepts, which enables one to
understand the emotions of others in a social interaction. For, in
the example of David hearing about Catherine at the restaurant,
to recognize David's anger or jealousy, one would have to have
access to social representations of tact, honour, and so on. A
specific role of the superior right temporal pole in representing
social concepts has been demonstrated both with functional ima-
ging study of healthy control subjects (Zahn et al., 2007) and in a
PET study of individuals with frontotemporal lobar degeneration
(Zahn et al., 2009). In the latter study, hypometabolism in right
superior segment of anterior temporal cortex (Brodmann areas 38
and 22) was associated with impairment in understanding social
concepts or traits (e.g. loyal, tactless, and honourable) relative to
animal concepts or traits (e.g. trainable, useful, and nutritious).

Focal lesions of right temporal pole

Case studies

Two patients with FTD had impaired empathy measured by care-
giver ratings on the IRl and impaired recognition of emotions
through prosody and facial expression, associated with right tem-
poral pole atrophy (Perry et al., 2001). A detailed report (Narvid
et al., 2009) revealed a significant impairment in emotional com-
prehension and contagion, perspective-taking, and attribution of
intentions despite generally preserved cognitive abilities associated
with right and medial orbital frontal and anterior temporal regions,
but sparing of dorsolateral frontal cortex.

Group study

The area most strongly associated with acute stroke among 27
patients in the Leigh et al. (2013) study described earlier was
the right temporal pole. All six patients with right temporal pole
lesions had impaired empathy. There was also a significant correl-
ation between the volume of lesion in the right temporal pole and
the percentage of errors on the affective perspective-taking task.
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Summary

Evidence from voxel-based morphometry in focal neurodegenera-
tive disease and one recent focal lesion study together indicate
that right anterior temporal cortex likely plays a critical role in
emotional empathy. It either has a role in both emotional conta-
gion and affective perspective taking or a more general process,
such as representing social concepts (Zahn et al., 2007, 2009).

Anterior insula and anterior
cingulate cortex

There is ample evidence from functional imaging studies that per-
ception of another person's feelings, at least negative emotions
and pain, engage anterior insula and anterior cingulate cortex
(Singer et al., 2004; Chakrabarti et al., 2006; Jabbi et al., 2007
Lamm et al., 2011; Bernhardt and Singer, 2012; Gu et al., 2012).
Other functional imaging studies have emphasized a role of right
anterior insula in integrating and coordinating awareness of feel-
ings or disgust (Brown et al., 2011). A plausible role of the insula
in integrating the two systems underlying emotional empathy is
supported by its widespread connections between the orbitofron-
tal, prefrontal, anterior cingulate, and temporal pole, and amyg-
dala (Mesulam and Mufson, 1982; Viskontas et al., 2007;
Bernhardt and Singer, 2012). Likewise, the anterior cingulate has
dense connections not only to the insula, but also to orbitofrontal
cortex and amygdala. Von Economo neurons, found in anterior
cingulate and anterior insula, may be selectively targeted in be-
havioural variant FTD, a neurodegenerative disease in which im-
paired empathy is a major characteristic (Seeley et al., 2006). A
loss of Von Economo neurons and fork cells in the right anterior
anterior insular cortex correlated with severity of clinical disease in
behavioural variant FTD (Kim et al., 2012).

Focal lesions of insula and anterior
cingulate and affective empathy

Single cases/case series

Gu et al. (2012) tested whether three patients with anterior insula
lesion or three with anterior cingulate lesions had deficits in per-
ception of empathetic pain. All six patients had resections of gli-
omas. Patients with anterior insular lesions, but not patients with
anterior cingulate cortex lesions, showed impairments in both im-
plicit and explicit empathy for pain. A detailed study of one pa-
tient with a large insular lesion (tested 18 months after onset) and
another with a lesion involving the putamen, claustrum and ex-
ternal capsule, reported that only the patient with the subcortical
lesion was impaired on empathy (Couto et al., 2013). The authors
argued that the subcortical lesion interrupted the frontotemporal
connections from the insula, which are more critical for emotional
recognition and empathy than the insula itself. Likewise, of three
patients with chronic medial frontal lobe lesions primarily involving
the anterior cingulate, compared with control subjects, only the
one with bilateral cingulate lesion was impaired in perspective-
taking (Baird et al., 2006). However, normal performance of

Brain 2014: 137; 981-997 | 991

patients with chronic insular or unilateral cingulate lesions cannot
be taken as evidence that these areas are not normally critical for
empathy, as those with unilateral lesions may have recovered.

Group studies

A voxel-based lesion-symptom mapping study of 192 Vietnam
combat veterans who had all had focal penetrating traumatic
brain injuries many years previously, tested on a self-reported
emotional empathy scale found self-reported reductions on emo-
tional empathy correlated with lesion volumes in ventrolateral pre-
frontal cortex, left and right posterior temporal lobes, and insula.
(Driscoll et al., 2012). Leigh et al. (2013) found that acute infarc-
tion of the anterior insula was significantly associated with im-
paired affective perspective-taking among 27 patients studied
within 48h of stroke onset. Volume of right insular lesion was
also significantly correlated with errors on the emotional empathy
task. All patients with right anterior cingulate lesions had also im-
paired affective perspective-taking.

Summary

Functional imaging studies indicate that anterior insula and anter-
ior cingulate cortex are activated in both tasks of emotional con-
tagion and affective perspective-taking (at least in taking the
perspective of a loved one; Cheng et al., 2010). Lesion studies
are mixed, but most studies indicate lesions involving right anterior
insula and right anterior cingulate are associated with deficits in
emotional contagion (Gu et al., 2012) and/or affective perspec-
tive-taking (Leigh et al., 2013) or emotional empathy in general
(Driscoll et al., 2012). Results are consistent with the proposal that
these regions are involved in both of these components (or a
cognitive process shared by the two components) and serve to
integrate them.

Temporoparietal junction

Results from many functional imaging studies converge in support
of the hypothesis that an area of the temporoparietal junction,
near the superior temporal sulcus, is consistently activated when
making inferences about what another person believes, or when
attributing a belief to another person (Saxe and Kanwisher, 2003;
Sebastian et al., 2012). Most of these studies indicate that this
area has an important role in mentalizing and third-person per-
spective-taking, but not specifically for affective perspective-taking
(Schnell et al., 2011; Sebastian et al., 2012).

Focal lesions of temporoparietal
junction and deficits in emotional
empathy

In a case series of three patients with damage to left temporopar-
ietal junction, tested on the false-belief test described above,
Samson et al. (2004) reported that all three patients were im-
paired in perspective-taking abilities, or making inferences about
someone else's belief. This deficit was not specific to making in-
ferences about another person’s emotions or feelings, however.
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This deficit was contrasted to a deficit in suppressing one's own
belief, which was impaired after damage to inferior frontal gyrus
(Samson et al., 2005). Similar deficits in cognitive perspective-
taking associated with lesions in or around temporoparietal junc-
tion have been reported by Shamay-Tsoory et al. (2004, 2009).

Summary

Functional imaging and lesion studies provide evidence that tem-
poroparietal junction bilaterally is engaged in cognitive perspec-
tive-taking, but not specifically emotional empathy.

Right thalamus

Although a role of the thalamus has not been emphasized in the
functional imaging literature or previous reviews of the neural
basis of empathy, meta-analyses of functional imaging studies of
affective empathy have revealed that right thalamus is one of the
areas that most consistently shows activation in association with
perception of another person’s pain or negative emotions (Lamm
et al., 2011; Gu et al., 2012).

Focal lesions of the right thalamus and
deficits in emotional empathy

In the study of 27 acute stroke patients by Leigh et al. (2013), 4
of 14 patients with acutely impaired empathy had lesions of the
right thalamus. The right thalamic lesion was the only lesion in
two of these patients, indicating that it was likely responsible for
the deficit.

Summary

Right thalamus may play a role in the network of brain regions
underlying emotional empathy (emotional contagion or affective
perspective-taking).

Cerebellum

Some of the meta-analyses of functional MRI studies of emotional
empathy, particularly for other people's feelings of pain have
shown activation of cerebellum in association with the emotional
empathy task (Singer et al., 2004; Gu et al., 2012).

Focal lesions of the cerebellum and
emotional empathy

Case report/case series

A detailed case report describes a deficit in emotional empathy
after an extensive, bilateral cerebellar stroke (Roldan
Gerschcovich et al., 2011). The authors argue that his empathy
impairment was because of impaired connections between medial
and lateral posterior cerebellum and prefrontal, parietal and tem-
poral association cortex as well as anterior cingulate and insula,
amygdala and other limbic and autonomical structures. Deficits in
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empathy are also listed among impairments that result from le-
sions of the ‘limbic cerebellum’ (vermis and fastigial nucleus), but
without performance on specific assessments of empathy
(Schmahmann et al., 2007).

Summary

Limbic cerebellum may play a role in the network of brain regions
underlying emotional empathy (emotional contagion or affective
perspective-taking), but more detailed studies and groups studies
are needed to define its role.

Frontotemporal dementia

One voxel-based morphometry study of FTD and other focal neu-
rodegenerative disease revealed that both emotional contagion
and affective perspective-taking scores correlated with grey
matter loss in right temporal pole (Rascovsky et al., 2011).
Although this result is consistent with other focal lesion studies
and some functional imaging studies, not all voxel-based morph-
ometry studies of FTD confirm the functional MRI results. Eslinger
et al. (2011) also completed a voxel-based morphometry study of
26 patients with FTD, and obtained both patients’ and caregivers’
ratings of the patients on the IRI. They found no difference be-
tween patients and healthy control subjects on the IRl when using
the patients' scores, but found that patients were more impaired
than controls on the empathetic concern and perspective-taking
subscales, when caregivers' rating were used. These scores corre-
lated with Theory of Mind test and executive function tests.
Empathetic concern scores correlated with grey matter volume in
right medial prefrontal and left supplementary motor area,
whereas perspective-taking scores correlated with volume in
right dorsolateral prefrontal, frontal pole, parietal, amygdala, and
caudate, as well as the left supplementary motor area and superior
temporal gyrus. Despite the fact that patients with FTD have in-
sular, anterior cingulate, and orbitofrontal atrophy, volume of
these areas was not correlated with impairments in either compo-
nent of empathy. This result is surprising, in view of the prominent
role of these areas indicated by functional imaging studies (Carr
et al., 2003; Gu et al., 2012) and their prominent atrophy in FTD
(Rosen et al., 2005; Viskontas et al., 2007).

One possible account for the discrepancy between the voxel-
based morphometry studies and the functional imaging studies is
that the two voxel-based morphometry studies of FTD relied on
caregivers' ratings of empathy; the patients’ self-ratings of em-
pathy on the IRl were normal. It is possible that caregivers over-
estimate impairments of empathy, especially in patients with
prefrontal and superior temporal cortex atrophy, as these are
areas that can cause impaired production and recognition of pros-
ody (changes in stress and intonation of voice) and facial expres-
sion to convey emotion. Consistent with this hypothesis, Perry
et al. (2001) described patients with FTD who both had impaired
empathy as indicated by caregiver ratings on the IRl and impaired
recognition of emotions through prosody and facial expression,
associated with right temporal pole atrophy. That is not to say
that caregivers always over-estimate impairments in empathy, as
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there were no differences in ratings by caregivers and 50 patients
with a variety of cerebral lesions on a scale of emotional empathy
(Grattan and Eslinger, 1989). Rather, caregivers or others might
mistake impaired prosody for impaired emotional empathy. As
mentioned above, impaired prosody can be mistaken for impaired
empathy; and patients with FTD are known to be impaired in
recognition of prosody and facial expression of emotion
(Viskontas et al., 2007; Dara et al., 2013b). Leigh et al. (2013)
reported that impairments of prosody were more common than
impairments of empathy after right hemisphere lesions. Trinkler
et al. (2013) have also claimed that patients with Huntington's
disease are impaired in recognition and expression of emotion
through prosody and facial expression, but spared in empathy,
or making inferences about the emotions of others. Snowden
et al. (2003) concluded that both patients with Huntington's dis-
ease and those with FTD are impaired in empathy, but loss of
empathy in Huntington's disease is because of impaired emotional
processing (with relatively spared cognitive perspective-taking),
whereas impaired empathy in FTD is a result of a failure in attri-
buting mental state to others, as part of a more general executive
dysfunction. Given that atrophy in FTD can be relatively localized
to left or right frontal or temporal regions, individual patients may
have distinct causes of their empathy impairments. Some of the
areas of atrophy that correlated with scores on the IRl by care-
givers of FTD correspond to areas important for the comprehen-
sion and production of affective prosody (Ross and Monnot,
2008). Of course, these may also overlap with the areas important
for emotional empathy. It is likely that some patients with FTD
have impaired empathy and prosody (as well as impaired insight
about their deficits), whereas others have primarily impaired rec-
ognition and production of prosody and facial expression of emo-
tion (mistaken for impaired empathy by caregivers). Consistent
with some variability in empathy in FTD, Gregory et al. (1997)
reported that only 74% of patients with FTD were impaired on
the faux pas test (which evaluates affective perspective-taking).
Patients with medial prefrontal cortex atrophy were especially im-
paired on this test.

Conclusions

The studies reviewed above converge in support of a few general
conclusions. First, several studies have shown a double dissociation
between measures of emotional contagion and measures affective
perspective-taking. However, the studies have fallen short of pro-
viding evidence that all of the proposed cognitive processes under-
lying emotional contagion and affective perspective-taking listed in
Table 1 can be individually impaired by brain damage. They pro-
vided less strong evidence for specific roles of particular areas of
the brain in each of these processes. However, taken together,
they provide enough data to propose the following hypotheses.
These data indicate that right inferior frontal cortex and orbito-
frontal cortex are critical for some component of emotional con-
tagion, whereas (at least right) prefrontal cortex is critical for some
component of affective perspective-taking. At least right anterior
insula, anterior cingulate, amygdala, and temporal pole are critical
for both systems, and may integrate the two systems. One or
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more (perhaps all) of these areas could also have a more general
role in social concepts or emotions, rather than being specific to
emotional empathy. The bilateral temporoparietal junction does
seem to be engaged non-specifically in perspective-taking and
other 'mentalizing’. On these hypotheses, lesions in right anterior
insula, anterior cingulate, amygdala or temporal pole would cause
deficits in both emotional contagion and affective perspective-
taking. On the other hand, damage to right prefrontal cortex
would cause impaired affective perspective-taking only, whereas
damage to inferior frontal gyrus or orbitofrontal gyrus would
affect emotional contagion. The evidence for these hypotheses
comes from single cases and group studies, but the evidence is
not as strong as one would like. Strong evidence would come
from double dissociations between impairments in emotional con-
tagion (as a result of lesions in right inferior frontal gyrus or orbi-
tofrontal gyrus) and affective perspective-taking (because of
lesions in right prefrontal cortex) or their underlying cognitive
processes, tested with the same measures across patients/studies,
with adequate numbers to demonstrate a statistically significant
association between the lesion site and the impaired process.
Few studies have carefully dissected the various components of
emotional empathy (but see Samson et al., 2004, 2005, 2007).
Group studies have rarely reported double dissociations, and when
they have done so, they have not reported statistically significant
associations between each impairment and a specific lesion site.

This review also indicates that specific nuclei of the right thal-
amus also likely play an important role in relaying processed sen-
sory information about affective prosody and emotional facial
expression to cortical regions to shape inferences about others’
emotions. However, although meta-analyses of functional imaging
studies show activation in bilateral or right thalamus in association
with emotional empathy (Lamm et al., 2011; Bzdok et al., 2012;
Gu et al., 2012), acute lesions of right thalamus inconsistently
result in impaired affective perspective-taking (Leigh et al.,
2013), indicating that particular nuclei of the thalamus may
serve a critical role in the neural network(s) supporting emotional
empathy.

In summary, there are a number of cognitive processes under-
lying the ability to share in and make inferences about another
person's emotions that may depend on overlapping networks of
brain regions. The right anterior insula, anterior cingulate, tem-
poral pole and amygdala may have a critical role in integrating
various components of these networks, within and across systems
supporting emotional contagion and affective perspective-taking.
Patients with focal lesions help refine our understanding of distinct
cognitive processes that comprise empathy. The results | have re-
viewed provide evidence for a functional-anatomical model that is
a synthesis of the 'parallel' and ‘two-stage’ models of empathy,
shown in Fig. 1. This model does not distinguish all of the postu-
lated cognitive processes involved in empathy, delineated in
Table 1, because the available studies have not provided sufficient
data to show that these can all be independently disrupted by
brain damage, much less the precise neural regions responsible
for each of these processes. Rather, the lesion studies have
shown more gross double dissociations between performance on
tasks or questionnaires that assess emotional contagion versus af-
fective perspective-taking.
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Figure 1 A schematic of some of the proposed cognitive and neural mechanisms underlying emotional empathy (in solid borders) and
associated cognitive processes (in dashed borders). Right amygdala, temporal pole, anterior insula, and anterior cingulate cortex are
hypothesized to be critical for both emotional contagion and affective perspective-taking. In contrast, right orbitofrontal cortex and
inferior frontal cortex are hypothesized to be selectively important for emotional contagion, and right medial prefrontal cortex is

hypothesized to be selectively critical for affective perspective-taking.

One of the clinical implications that emerged from this review is
that an apparent mismatch in the areas of atrophy associated with
impaired emotional empathy in FTD versus lesions associated with
impaired emotional empathy in other diseases. This mismatch may
be explained by the interpretation of impaired prosody and com-
prehension of prosody and facial expressions as impaired emo-
tional empathy by spouses of patients with FTD. That is, areas
of atrophy associated with ‘impaired empathy’ in FTD (as mea-
sured by spouses’ ratings on the IRI) correspond to areas asso-
ciated with impaired comprehension of facial expressions and
prosody (emotional tone of voice and stress) that are known to
be impaired in FTD. This possible account of the discrepancy needs
further investigation, but it is critical to distinguish between pa-
tients’ inability to recognize emotions through facial expression
and prosody, versus inability to share emotions of another or
make inferences about emotions of another, given information
about their situation. All of these are critical to human interaction,
and may share some neural substrates, but can be selectively im-
paired by brain damage, and would require different management
strategies. As illustrated previously, although recognition of emo-
tions is likely a prerequisite for developing emotional contagion
and affective perspective-taking (both components of emotional
empathy), it is not necessary later for affective perspective-taking.
Neither is affective perspective-taking necessary for emotional
recognition. A few studies have reported dissociations: impaired
recognition of emotion from prosody and intact affective perspec-
tive-taking (Dara et al., 2013b; Leigh et al., 2013), or impaired
affective perspective-taking with intact prosody together yielding a
double dissociation using the same tasks. If either of these func-
tions is impaired, it is important to counsel the family or caregiver

that the deficit is caused by the neurological disease, and to pro-
vide education regarding how to compensate for or treat the
problem. For example, if an individual is impaired in recognizing
emotions from faces or prosody, it is essential for others to state
their emotions explicitly to the person. Both social support therapy
and music therapy have been used to improve emotional empathy
with some success reported in a small randomized trial (Eslinger,
1998), as has a cognitive-oriented approach reported in a case
study (Grattan and Eslinger, 1991). Medication may also improve
emotional and social function. In a double-blind, placebo-con-
trolled trial in 20 individuals with FTD, Jesso et al. (2011)
showed that a single dose of intranasal oxytocin was associated
with improvement in some aspects of social function. Oxytocin
has also been associated with improved social perception in
schizophrenia (Fischer-Shofty et al., 2013) and emotional empathy
more generally in healthy males or females with amygdala lesions
(Hurlemann et al., 2010). Future research is required to identify
effective ways to improve affective perspective-taking. Focused
neuromodulary treatments, such as transcranial magnetic stimula-
tion or transcranial direct current stimulation, which have been
useful in rehabilitation of motor and cognitive deficits as a result
of stroke and focal dementias (Hétu et al., 2012) may be useful,
with the knowledge of the neural networks that underlie affective
perspective-taking. Simply understanding the precise nature of the
individual's deficits, and the relationship to the brain lesion, pro-
vides a first step in educating the patient and caregiver, as well as
in developing new interventions. Future investigations should also
design experiments to assess the status of each of the cognitive
processes underlying emotional contagion and affective perspec-
tive-taking, to determine if each of the proposed processes can be
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independently impaired by focal lesions. Finally, standard assess-
ments of each cognitive process will yield adequate numbers of
patients with focal lesions and deficits to allow us to test more
specific hypotheses about the areas of the brain critical for each of
the cognitive processes underlying emotional empathy.
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