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Abstract
Background and Purpose—Stroke of the right MCA is common. Such strokes often have
consequences for emotional experience, but these can be subtle. In such cases diagnosis is difficult
because emotional awareness (limiting reporting of emotional changes) may be affected. The
present study sought to clarify the mechanisms of altered emotion experience after right MCA
stroke. It was predicted that after right MCA stroke the anterior cingulate cortex (ACC), a brain
region concerned with emotional awareness, would show reduced neural activity.

Methods—Brain activity during presentation of emotional stimuli was measured in six patients
with stable stroke, and in 12 age and gender matched non-lesion comparisons using positron
emission tomography and the [15O]H2O autoradiographic method.

Results—MCA stroke was associated with weaker pleasant experience and decreased activity
ipsilaterally in the ACC. Other regions involved in emotional processing including thalamus,
dorsal and medial prefrontal cortex showed reduced activity ipsilaterally. Dorsal and medial
prefrontal cortex, association visual cortex and cerebellum showed reduced activity
contralaterally. Experience from unpleasant stimuli was unaltered and was associated with
decreased activity only in the left midbrain.

Conclusions—Right MCA stroke may reduce experience of pleasant emotions by altering brain
activity in limbic and paralimbic regions distant from the area of direct damage, in addition to
changes due to direct tissue damage to insula and basal ganglia. The knowledge acquired in this
study begins to explain the mechanisms underlying emotional changes following right MCA
stroke. Recognizing these changes may improve diagnoses, management and rehabilitation of
right MCA stroke victims.
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The middle cerebral artery (MCA) is the vessel most commonly affected by cerebrovascular
accidents.(1) Because the damaged area may include striate/lenticular nuclei and frontal/
temporal cortices (e.g., insula),(1,2) it is no surprise that the clinical picture following MCA
stroke often includes emotional changes. Emotional symptoms following left MCA stroke
are frequent and may cluster in syndromes consistent with the diagnosis of major depression
(3,4) which is easily recognized and treated.(5)

Right MCA strokes may represent a challenge for the clinician and therefore often go
unrecognized (6). This may be due to absence of striking cognitive deficits (e.g., language
disturbance). Neglect (7) and disturbance in emotions including reduced emotional
awareness may further complicate their recognition.(8) The neuropsychiatric picture
following damage in the territory of the right MCA may consist of alexithymia (8) and
apathy.(9) Alexithymia comprises deficits in awareness and description of personal
emotions (often misrepresented as somatic complaints) (10,11). Alexithymia ensuing after
stroke may result in significant interpersonal and psychiatric difficulties, and most
importantly in excessive demand for medical care which may interfere with rehabilitation
efforts and increase the duration of hospitalization.(8) Disinhibition ranging from alteration
in social behavior to mania is less common (12) and follows damage to more medial and
ventral frontal structures.(13)

The mechanisms of emotional blunting after right MCA are poorly understood. While
apathy and lack of energy can be explained by tissue damage to insula (14) or basal ganglia,
(15) emotional blunting may originate from activity changes in distant brain regions.(16)
Functional and structural changes in the anterior cingulate cortex (ACC) have been
implicated in the mechanisms of alexithymia.(10,17,18) Therefore, a candidate brain region
to explain the alexithymic features(8) following right MCA damage is the ACC.

In the present study, this relatively unexamined issue was addressed measuring whole brain
activity in subjects with right MCA stroke exposed to visual stimuli aimed at evoking
pleasant, unpleasant, and neutral emotional responses using positron emission tomography
(PET) and the [15O]H2O autoradiographic method. Based on the prevalent clinical
presentation of patients with right MCA stroke it was expected that blunted emotional
responses would be associated with reduced activity in the ACC. It was however chosen not
to limit our analyses to ACC ROI data. Such an analysis would have narrowed the ability to
examine the functionality of distant brain regions. A brain-wide analysis testing the specific
ACC hypothesis while not missing activity changes distant from the region of interest was
preferred. One advantage of this approach stems from the suggestion that alexithymia with
or without brain damage is associated with language deficits. (19-21) Based on this
information reduced activity in left hemisphere regions was expected in association with
right MCA stroke. Pleasant and unpleasant emotions were manipulated to determine the
emotional specificity of the findings in light of the two prevalent hypotheses on laterality
and emotion experience.(19,22-24) One hypothesis identifies the right hemisphere as
dominant for experiencing all emotions (dominance model), (19-21) whereas in the other the
right hemisphere subserves experiencing only unpleasant emotions (laterality model).
(22-24) Based on the dominance model, right MCA stroke was expected to result in blunting
of both positive and negative emotions while the laterality model would predict blunted
responses to unpleasant stimuli and normal responses to pleasant stimuli.
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Methods
Subjects

All experimental subjects had stable stroke lesions and were recruited based on clinical and
magnetic resonance imaging (MRI) findings showing right MCA stroke with involvement of
the lenticulostriate beds (Figure 1). Healthy volunteers were recruited through newspaper
advertisements and were excluded if they had any history of prior stroke or other abnormal
structural pathology on MRI scan. Additional exclusionary criteria were: history of other
brain injury/trauma, life threatening physical illness or illness interfering with daily
activities, active psychotropic medications or history of psychiatric disorder, inability to
complete Part One of the Token test (25) or a score below 23 on the Mini-Mental Status
Exam.(26) Six patients with stroke [1/6 (16.7%) female] and twelve healthy, age matched
volunteers [4/12 (33.3%) female] were recruited. The University of Iowa Institutional
Review Board approved this study. All participants gave informed consent and were
financially compensated.

Psychiatric and Neuropsychological Assessment
All participants received a neurological exam, and a psychiatric and neuropsychological
assessment examining general intelligence, attention, language, visuospatial skills, visual
and verbal memory, and executive functions. Depressive and anxiety symptoms were
measured using the Hamilton Depression Scale (HamD) (27) and the Hamilton Anxiety
Scale.(28) Other neuropsychiatric symptoms were coded using the Present State Exam.(29)
The 20 item Toronto Alexithymia scale was administered.(30,31) Global functioning
(Global Assessment of Functioning - GAF), (3) functioning on activities of daily living
(Johns Hopkins Functioning Inventory - JHFI), functional independence (Functional
Independence Measure - FIM) (32), strengths of social ties (Social Ties checklist) and
functioning (Social Functioning Exam – SFE) were also measured.(33,34) The Wechsler
Adult Intelligence Scale-Revised (WAIS-R) (35) and the National Adult Reading Test
(NART) (36) were used to assess current and premorbid general intelligence, respectively.
Visuospatial processing was assessed with the Rey Complex Figure Test (RCFT) (37) and
the Facial Recognition Test.(38) Visual memory was assessed with the RCFT immediate
and delayed recall conditions, (37) and the Benton Visual Retention Test.(39) Attention was
assessed with the WAIS-R Digit Span subtest.(35) Language was evaluated with a short
form of the Boston Naming Test (40) and Controlled Oral Word Association (COWA).(41)
Executive functions were assessed by examining the number of perseverative errors made
on the Wisconsin Card Sorting Test (WCST).(42) Visual neglect was assessed with the line
bisection task constituted by 18 staggered lines of 20-mm, 40-mm, and 60-mm in length.
(43) The distance between the left edge of each line and the subject’s mark showing the
subjective midpoint was measured to the closest millimeter.

Activation stimuli
Emotions were induced using stimuli chosen from an extensive database of emotionally
evocative color pictures previously normed for emotional intensity and valence.(44) Each
stimulus set contained eighteen pictures displayed for six seconds each. Sets were equivalent
based on the ratings of normal subjects for mean valence and intensity of emotion. The
stimuli and detailed protocol have been described previously.(45) Prior to viewing each
image set, subjects were instructed they would be watching a series of emotionally-laden
and neutral pictures (scenes and objects) and they should allow the stimuli to influence their
emotional state. Subjects were told that at the end of each stimulus set they would be asked
to rate the intensity of their feelings with the aid of a visual Likert scale ranging from 0 to
10, with zero being the absence of that specific emotion and ten being a very intense
emotional experience. Each set of stimuli was shown once in a pseudo-random order on a
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computer monitor. The emotions tested for intensity of experience were happiness,
amusement, anger, disgust, sadness and fear. Amusement and happiness were analyzed as
the main dependent variables in response to positive stimuli. For the negative stimuli, the
main dependent variables were fear, disgust, and anger.

It is plausible that participants may have experienced emotions inconsistent with the valence
of the stimuli (e.g., anger during the presentation of positive stimuli). Emotions inconsistent
with negative stimuli were tested using amusement and happiness variables as dependent
measures, whereas emotions inconsistent with positive stimuli were tested using anger,
disgust, and fear.

MRI Imaging Acquisition and Processing
T1-, T2-, and proton density (PD)-weighted images were acquired using a 1.5 tesla GE
Signa Scanner. The field of view for all images was 26×26cm and the matrix was 256×192.
Technical parameters for T1-weighted images included 1.5mm slice thickness, SPGR
sequence, flip angle= 40 degrees, echo time (TE)= 5ms, repetition time (TR)= 24ms, and
number of excitations (NEX)= 2. Two-dimensional PD and T2 sequences were acquired
with the following parameters: slice thickness= 3.0mm for PD and 4.0mm for T2, TE= 36ms
for PD and 96ms for T2; TR= 3000ms, NEX= 1. MR images were analyzed with locally
developed software (BRAINS2).(46) All MRI scans were realigned parallel to the anterior-
posterior commissure line and interhemispheric fissure and placed into standard Talairach
space.(47)

PET Imaging Acquisition and Processing
PET data were collected with a GE-4096 PLUS scanner using the [15O] water method (50
mCi/injection).(48,49) Fifteen slices with an intrinsic in-plane resolution of 6.5mm FWHM
and a 10cm axial field-of-view were acquired. Images were reconstructed using a
Butterworth filter (cutoff frequency= 0.35 Nyquist). A “scout” injection (15 mCi) estimated
bolus arrival time for each participant; stimulus onset was adjusted accordingly to begin
fifteen seconds prior to estimated bolus arrival.(50) Functional imaging began at the time of
injection and lasted for 100 seconds. Count activity was collected in five second bins; a 40-
second summed image containing the bins immediately post bolus transit were utilized in
the analyses. Each subject’s PET and MR images were co-registered using previously
described methods.(51) The hand-traced outlines of lesion extent from the MRI were used to
exclude damaged regions from the PET analyses. PET count images were normalized to a
value of 1 by dividing by the global activity. An 18mm Hanning filter was applied to the
PET images.

Data Analysis
Clinical Data

Demographic, psychiatric, neuropsychological, psychosocial and physical functioning data,
and emotional responses were examined with nonparametric tests: Mann Whitney U tests
for between group differences and Wilcoxon Signed Rank Testing for within group
differences. Spearman’s correlation coefficient was computed to determine association
between variables.

Emotion Induction and PET Imaging Data
Amusement and happiness were the dependent variables in response to positive stimuli. For
the negative stimuli, the dependent variables were fear, disgust, and anger. Brain-wide
voxel-wise between-group differences were examined using a non-parametric randomization
method described in detail elsewhere.(52-55) This analysis compared lesion and healthy
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subjects on functional images obtained in response to emotional stimuli controlling for
functional activity obtained in response to neutral stimuli. An uncorrected p-value of 0.005
was used as significance threshold as in our previous studies.(52,55) Only areas exceeding
50 contiguous voxels were included in order to omit isolated outlying values. Peaks are
identified based on visual inspection of coregistered MRI scans and PET images.
Interpretation of the direction of the change in activity in each group was determined by
examining the T-max for each significant peak.

Results
Demographic, psychiatric, psychosocial and physical functioning variables

All MCA stroke subjects were aware of having suffered a stroke. Stroke and comparison
groups did not differ on age or education. Significant group effects were found for GAF,
JHFI and FIM. Subjects with stroke showed more severe psychopathology (PSE) in general,
and depressive symptoms (HamD) in particular (Table 1).

Total alexithymia score showed a significant group effect. Factors representing difficulty
identifying feelings and difficulty describing feelings were significantly greater among
stroke patients, while externally oriented thinking just failed to reach significant difference
(Table 1). Based on PSE symptoms, two subjects with right MCA met criteria for major
depression (3) and two met criteria for nondysphoric depression.(56,57) No healthy
volunteers met such criteria. While group differences on pathological emotions assessed
using the PSE did not reach statistical significance, qualitative inspection of the data
indicated that stroke subjects were two times more likely to be irritable (33% vs. 16.7% in
healthy volunteers), were four times more likely to show mood lability (33% vs. 8.3% in
healthy volunteers) and showed blunted affect (16.7% vs. 0% in healthy volunteers). While
none of the healthy volunteers reported loss of interest, 50% of patients with stroke showed
moderate or severe anhedonia. Three subjects with MCA stroke reported listlessness and
lack of energy compared with one healthy volunteer. Slowness and underactivity were not
observed in either stroke patients or comparison subjects. Neither group had altered speech
in terms of speed, volume, quantity or quality.

Neuropsychological Assessment
Neuropsychological data are shown in Table 2. Significant group differences were found on
verbal, performance, and full scale IQ. Difference in estimated premorbid intelligence
(NART) did not reach statistical significance. No significant group effect was found for
attention (WAIS-R Digit Span), but stroke subjects showed weakness in some language
(Boston Naming Test, but not Multilingual Aphasia Exam Token Test) and executive
functioning measures (WCST- Perseverative Errors, but not COWA), as well as visuospatial
encoding and immediate recall (Benton Visual Retention and RCFT-immediate recall).
There were no significant group differences on visual constructional abilities (RCFT-copy),
visual recognition for faces (Facial Recognition) and delayed figure recall (RCFT–delayed
condition). A significant group difference was found for the 60-mm line bisection but not for
the 40- or 20-mm length conditions.

Emotional Experience and Arousal
The pleasant stimuli evoked moderate to high levels of happiness and amusement in healthy
comparison subjects. Consistent with previous studies (45) and with older age “positivity
bias”, (58) healthy volunteers showed mild/moderate levels of happiness and amusement in
response to the neutral stimuli (Table 3). Stroke subjects showed low levels of happiness and
amusement in response to neutral stimuli and essentially no emotional changes in response
to pleasant stimuli, consistent with an emotional blunting observed on clinical exam.
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Significant group differences were found for the experience of amusement in response to
pleasant stimuli, and happiness in response to neutral stimuli (both greater in the comparison
group). Unpleasant stimuli were experienced with moderate levels of fear, anger and disgust
by healthy comparisons and stroke subjects with no significant group differences. There was
no significant group effect on emotions evoked inconsistently with the valence of the stimuli
(data not shown). No group effects on subjective arousal reached statistical significance
[Positive stimuli healthy volunteers (HV) mean = 7, SD=2.2 - rMCA mean = 5.2 SD=3.7
(U=24, p>.2); negative stimuli HV mean = 6.1 SD=2.6 - rMCA mean = 6.5 SD=4.1
(U=29.5, p>.5); neutral stimuli HV mean = 4.8 SD=2.1 - rMCA mean = 2.7 SD=3.2
(U=22.5, p>.2)].

Because stroke patients experienced depression of mild to moderate severity (mean HamD
scores = 16), the lack of pleasant experience to positive stimuli could be the result of
depression. Therefore, the data were reexamined in two ways. In one analysis only the three
patients with lower HamD scores (<14) were included. In another analysis, HamD scores
were used as a covariate. In both analyses, results remained essentially the same, signifying
that depressed mood or anhedonia was minimally responsible for changes in emotional
experience. Notably depression severity (HamD) among MCA patients did not show
significant associations with happiness or amusement responses (.13<rs<.5, all ps >.4). In
addition, the responses of six patients with left focal basal ganglia lesions were examined
(Paradiso et al., under review) and may help resolve this question. Five out of six (83%)
patients with focal left basal ganglia damage suffered significant depression (HamD scores
ranged from 16 to 25) and participated in the same experiment as the one reported in the
present study but did not experience reduction in positive or negative emotion. This suggests
that by and large the changes in emotions experienced by subjects with right MCA damage
may not originate from depression per se.

Associations experienced emotion/neuropsychological functioning
Correlations between emotion responses and neuropsychological variables with significant
between group effects (Tables 2 & 3) were computed among patients with MCA. In
response to pleasant stimuli, FSIQ (r=-.89, p<.05) was strongly and indirectly correlated
with experienced happiness, signifying that after MCA stroke greater emotional responses
were associated with poorer global neurocognitive functioning. No other association reached
statistical significance.

Brain activity in response to emotional stimuli
As predicted, subjects with right MCA stroke showed lower brain activity in relationship
with healthy comparison subjects in the right anterior cingulate cortex (ACC) in response to
positive emotional stimuli. This brain-wide analysis of brain activity in response to pleasant
stimuli revealed additional regions of lower brain activity consistent with the emotional
nature of the stimuli in the right MCA patients. These regions included dorsal and medial
prefrontal cortex bilaterally, right thalamus, left primary and association visual cortices (BA
17/19) and left cerebellum. Frontal regions included the left superior frontal gyrus (BA 10),
the left and right medial frontal gyrus (BA 11). It is noteworthy that reduction of brain
activity was not limited to the side of the lesion but included the contralateral (left)
hemisphere. In response to pleasant stimuli there were also brain regions of relatively
increased activity in the right MCA patients [e.g., bilaterally in the parahippocampal gyrus
(BA 19 and 36) and in the left visual striate and extrastriate cortex (BA 17, 18, and 31)].

Significant changes in the ACC were not observed in response to unpleasant stimuli as well
as other changes in the frontal-thalamic-cerebellar system. Indeed in response to the
negative stimuli the changes in brain activity were rather limited as the essentially intact
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emotional responses in right MCA stroke patients may have predicted. Subjects with right
MCA stroke showed decreased activity only in the left midbrain, but there were also regions
of increased activity (e.g., the left cerebellum) (Table 4).

Discussion
This study combined lesion and neuroimaging methods to examine the effects of lateralized
right MCA stroke on activity in neural nodes distant from the damaged area. Damage in the
territory of the right MCA affected pleasant emotional experience but did not alter
experiential responses to unpleasant stimuli. As predicted, blunted emotional response to
pleasant stimuli was associated with reduced activity in the right ACC. In addition several
other regions contralateral (i.e., dorsal and medial prefrontal cortex, visual association cortex
and cerebellum) and ipsilateral (i.e., thalamus, and dorsal prefrontal cortex) to the damage
showed reduced activity. Areas of increased activity included the parahippocampal gyri.

The main finding in this study is that blunted response to positive emotional stimuli
following right MCA stroke may be attributed in part to reduced activity in brain regions
distant from the site of direct damage. Based on its functions, the brain region that has the
strongest bearing on blunted emotional experience as a consequence of right MCA stroke is
the ACC. Structural or functional changes in the ACC have been associated with
alexithymia.(59,60) The acquired form of alexithymia can occur after lesions to brain
regions in the territory of the right MCA (8) and is significant because it can alter the
traditional presentation of depression.(56) Consistent with this view, patients with right
MCA stroke in this study showed greater alexithymia scores than comparison subjects. In
particular, significant effects were found for inability to recognize and describe feelings. The
ACC contains evolutionary novel spindle-shaped neurons which may represent the neural
underpinning of the interaction between emotion and perception, (61,62) and may be
particularly vulnerable to anoxic conditions.(63)

Whereas the ipsilateral thalamus and dorsal prefrontal cortex also showed lower activity,
other regions showed reduced activity contralateral (left dorsal and medial prefrontal cortex,
visual association cortex and cerebellum) to the lesion site. Therefore, impairment in the
experience of pleasant emotions following right MCA stroke may result from additional
dysfunction in frontal (and cerebellar (64,65)) networks normally promoting linguistic
labeling of emotions.(66-68) While this functional impairment to the left hemisphere may
raise concern that subjects were unable to appropriately speak their emotional reactions due
to impairment in language (while experience was intact), this possibility is low in light of
the little verbal output needed to express the emotion, the exclusion of subjects with
significant language difficulties, and especially because of the relative lack of alteration of
MCA stroke subjects’ responses to negative stimuli. Nonetheless, the lower activity in the
left hemisphere is consistent with the language-based conceptualization of acquired
alexithymia.(10,59,69,70)

Brain laterality and experienced emotions
It is well-established that right hemisphere damage causes significantly greater alexithymia
and apathy compared to left hemisphere damage.(8,9) The present study was not concerned
with replicating this phenomenon, but with the mechanisms associated with changes in
emotional experience after right MCA stroke. For this reason and because subjects with
comparable lesion size stroke in the territory of the left MCA would have had language
impairments not allowing them to meet inclusion criteria, comparison subjects with left
hemisphere damage were not included. In addition, subjects with damage restricted to left
striate/lenticular nuclei have shown a different pattern of changes in emotion experience
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(Paradiso et al., under review) but would not have been appropriate for direct comparison
with subjects in this study due to the difference in the size of brain tissue damage. It should
be also noted that the findings in the present study cannot be attributed to any brain lesion
because studies using the same design but lesions in other parts of the brain have reported
differing results.(71,72) Finally, emotions were evoked using scenes and objects including
no depictions of humans; different results may have been obtained with human stimuli or
with a stimulus modality other than visual.

Limitations notwithstanding, the findings in the present study have bearing on the emotion
laterality debate and are therefore discussed in light of two predominant models of laterality
and emotion experience.(19,22-24) Briefly, one model asserts that the right hemisphere is
dominant for the experience of all emotions, (19-21) while the competing other posits a right
hemisphere specialization for unpleasant emotions and a left hemisphere specialization for
positive emotions.(22-24) Based on the right hemisphere model (i.e., dominance for all
emotion) subjects with right MCA stroke are expected to show blunted emotions in response
to both pleasant and unpleasant stimuli. Based on the laterality hypothesis (i.e., right
hemisphere dominance for negative emotions), subjects with right MCA stroke are expected
to show blunted responses to unpleasant stimuli and normal responses to pleasant stimuli.
The results of the present study are consistent with the right hemisphere hypothesis of
emotion but surprisingly only in part. These conclusions are limited to brain regions affected
by occlusion of the right MCA (e.g., frontal polar regions are excluded).(22)
Parsimoniously, these results support the complexity of the brain substrates engaged in
emotional experience,(73) highlighting the putative presence of redundant circuits (e.g., the
parahippocampal region) supporting processing of emotional material after brain damage,
similarly to what occurs to language after left hemisphere lesions.(74)

Cognitive impairment
As expected, stroke victims showed greater cognitive deficits including some degree of
visual neglect (but not deficit in visual constructional abilities or visual recognition).
Notably, while cognitive deficits were present in stroke patients, their affective responses to
unpleasant stimuli were similar to those of volunteers. Therefore while the findings in this
study warrant replication with a larger sample of MCA stroke subjects, a provisional
conclusion is that the cognitive deficits associated with right MCA stroke do not preclude
experiencing congruent emotions in response to stimuli designed to evoke negative affective
states. Nonetheless it should be noted that measuring the quantity of an emotional response
captures only in part the extent to which a response is normal. Among those patients with
MCA stroke with the greater positive emotional responses were those with poorer FSIQ.
This raises the possibility that the emotional responses measured in patients as quantitatively
different from those of comparison subjects were indeed also qualitatively different
representing perhaps an aspect of undue cheerfulness.(75)

Depression and right hemisphere damage
We did not interview the subjects’ families to assess whether anhedonia was present before
the ischemic event. Anhedonia was present in 50% of subjects with right MCA stroke and
none of the age-matched volunteers. One caveat in the interpretation of the findings in this
study concerns the extent to which the impairment in emotional experience observed in
patients with right MCA stroke may be due to the brain damage per se or to depression. First
among MCA patients, severity of depression did not show significant associations with
positive emotional responses. Analyses controlling for severity of depression, and excluding
subjects with moderate depression essentially did not influence the findings concerning
emotional responses to pleasant stimuli. In addition, lack of reduction in positive or negative
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emotion in response to pleasant or unpleasant stimuli in five patients with clinically
significant depression and left focal basal ganglia lesions (Paradiso et al., under review)
suggests that the changes in emotions experienced by subjects with right MCA damage may
not be attributable to depression per se.

Nonetheless the mild to moderate severity of depression in our sample of MCA stroke
subjects requires some elaboration. More than one third of patients experience depression
following stroke (76) but mania or other psychiatric disorders are rare.(77) Damage to
anterior (cortical and subcortical) left hemisphere regions is known to be associated with
depression (5), but variability in depression severity exists within the left hemisphere
depending in the anterior-posterior location of the lesion.(77) Right hemisphere damage is
more rarely associated with major depression (4), but is often the underpinning of a
condition known as nondysphoric depression (56) comprised of ideational (e.g., lack of self-
esteem, loss of hope, thoughts of death) and vegetative symptoms of depression and
characterized by the paradoxical absence of emotional symptoms (e.g., sad mood or
anhedonia).(57) Stroke may therefore predispose to depression which may conceivably take
differing phenomenological features depending on the functions of the brain regions that
were damaged.

Clinical relevance
The MCA is the brain vessel most commonly affected by ischemic stroke with more than
50% of all cerebral vascular accidents in this territory.(1) Right hemisphere strokes are
greatly under-recognized, (6) perhaps because emotional deficits are not routinely assessed.
Damage to the territory of the right MCA may include the lenticular/striate nuclei and lead
to emotional incontinence, (78) but apathy and alexithymia are decisively more common.(8)
Consistent with these reports (8,9), the patients with MCA stroke in the present study
showed varying degrees of irritability, mood lability depression, anhedonia, and blunted
affect. This study offers a preliminary explanation of the mechanisms of emotional changes
following right-sided MCA damage with dysfunction of the right ACC leading to emotional
blunting (10,56) and ineffective modulation of emotional responses subsequent to failing
frontal-thalamic-cerebellar networks leading to emotional incontinence.(71,72) Alerting
patients to the blunted emotional arousal to positive stimuli following right MCA stroke and
instructing them to focus on the hedonic valence of situations may reduce nondysphoric
depression and improve recovery.
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Figure 1. Lesion Location
Scans follow radiological convention. Panel A shows topographical maps of brain damage
in MNI305space using a variation of the lesion overlap method.(76) Color bars indicate the
number of overlapping lesion at each voxel. Talairach z coordinates are indicated at the top-
left corner of each slice. Lesions included both subcortical structures and cortex; the areas
greatest overlap were in the caudate and putamen. Panel B shows axial slices of the
individual MRI scans (T1 or T2-weighted is indicated).
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