
Lesions of Left Basal Ganglia and Insula Structures
Impair Executive Functions but not Emotion
Recognition: A Case Report

Švegar, Domagoj; Antulov, Ronald; Tkalčić, Mladenka; Antončić, Igor

Source / Izvornik: Brain Impairment, 2016, 17, 233 - 241

Journal article, Published version
Rad u časopisu, Objavljena verzija rada (izdavačev PDF)

https://doi.org/10.1017/BrImp.2016.23

Permanent link / Trajna poveznica: https://urn.nsk.hr/urn:nbn:hr:184:684712

Rights / Prava: Attribution-NonCommercial-NoDerivatives 4.0 International / Imenovanje-
Nekomercijalno-Bez prerada 4.0 međunarodna

Download date / Datum preuzimanja: 2024-05-14

Repository / Repozitorij:

Repository of the University of Rijeka, Faculty of 
Medicine - FMRI Repository

https://doi.org/10.1017/BrImp.2016.23
https://urn.nsk.hr/urn:nbn:hr:184:684712
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://repository.medri.uniri.hr
https://repository.medri.uniri.hr
https://www.unirepository.svkri.uniri.hr/islandora/object/medri:5476
https://dabar.srce.hr/islandora/object/medri:5476


BRAIN IMPAIRMENT VOLUME 17 NUMBER 3 DECEMBER pp. 233–241 c© Australasian Society for the Study of Brain Impairment 2016
doi:10.1017/BrImp.2016.23

Lesions of Left Basal Ganglia and
Insula Structures Impair Executive
Functions but not Emotion
Recognition: A Case Report

Domagoj Švegar,1 Ronald Antulov,2 Mladenka Tkalčić1 and Igor Antončić2
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Increasing research evidence suggests that basal ganglia are an important part of
frontal-subcortical circuit which is involved not only in motor control but also in
affective, cognitive and executive functions. In this article, we describe the ability
of facial emotion recognition and cognitive functioning in a patient with left basal
ganglia and insula damage. The patient’s ability to recognise facial emotional
expressions was intact in spite of unilateral injury of the left insula and basal
ganglia. He showed preserved intellectual function in general, but experienced
difficulties on subsets of the executive functions: set-shifting and ability to activate
or generate cognitive strategies, commonly found in patients with caudate lesions.
This case contributes to evidence that striatal structures are important for executive
functions.
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Introduction
Numerous brain structures participate in recog-
nising facial emotional expressions: the occipi-
totemporal cortices, amygdala, parietal cortices,
orbitofrontal cortex, insula and basal ganglia
(Adolphs, Tranel, Koenigs, & Damasio, 2005). In
prior research, it has been established that the basal
ganglia and specifically the insula have an impor-
tant role in the recognition of facial disgust (John-
son et al., 2007; Phillips et al., 1997). Neverthe-
less, there is no consensus regarding the different
role of the left and right side of these brain struc-
tures in the process of emotion recognition. Several
authors reported that exposure to disgusted facial
stimuli elicits activation in the right insula and right
basal ganglia (Adolphs, Damasio, Tranel, Cooper,
& Damasio, 2000; Anderson, Christoff, Panitz, De
Rosa, & Gabrieli, 2003; Phillips et al., 1997, 2004;
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Ruiz et al., 2013; Schroeder et al., 2004). Accord-
ing to their results, it can be concluded that patients
with unilateral lesions of the right insula are ex-
pected to experience serious problems with recog-
nition of disgusted facial stimuli, whilst patients
with unilateral lesions of the left insula should not
experience such deficits. Partly in contrast to their
reports, Sprengelmeyer, Rausch, Eysel and Przun-
tek (1998) demonstrated that disgusted facial ex-
pressions activated the right putamen and left in-
sular cortex. Furthermore, Calder, Keane, Manes,
Antoun and Young (2000) presented a patient with
infarction in the left hemisphere, involving insula
and basal ganglia, who showed a deficit in recog-
nition of facial expression of disgust, even though
the right basal ganglia and the right insula of this
patient remained intact. Finally, some other studies
demonstrated that bilateral insula lesions resulted
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in an impaired ability to recognise facial disgust
(e.g., Adolphs et al., 2005).

Additionally, basal ganglia are a part of frontal-
subcortical circuit which is involved not only in
motor control and emotion processing but also
in cognitive and executive functions (Alexander,
DeLong, & Strick, 1986; Lichter & Cummings,
2001; Middleton & Strick, 2002; Salmon, Hein-
del, & Hamilton, 2001). Evidence that those struc-
tures are particularly important for executive func-
tions emerges from neuropsychological studies of
neurological disorders such as Huntington’s and
Parkinson’s diseases as well as from studies of
basal ganglia damage caused by stroke or traumatic
brain injury (Backman, Robins-Wahlin, Lundin,
Ginovart, & Farde, 1997; Elliott, 2003; Salmon
et al., 2001). These findings have led to the sug-
gestion that executive function depends not on the
prefrontal cortex (PFC) in isolation, but on the in-
tact functioning of corticostriatal circuitry (Bonelli
& Cummings, 2007; Elliott, 2003; Salmon et al.,
2001). The executive functions consist of those ca-
pacities that enable an individual to engage in inde-
pendent, purposive, self-directed and self-serving
behaviour (Lezak, Howieson, Bigler, & Tranel,
2012). Thus, executive functions relate to various
complex cognitive processes and sub-processes,
such as task-switching, planning, working mem-
ory, solving novel problems, modifying behaviour,
generating strategies, sequencing complex actions,
etc. (Elliott, 2003).

The first objective of this study was to assess
if the lesions of the left insula and the left part
of the basal ganglia are related to impaired recog-
nition of facial expression of emotion, especially
disgust. Since the injury of our patient was al-
most identical to Calder et al.’s (2000) patient’s
injury, we hypothesised that he would experience
the same deficits in recognition of disgusted facial
expressions. The second objective was to test the
patient’s cognitive and executive functioning. We
hypothesised that due to impaired corticostriatal
connectivity our patient would show deficiency in
certain cognitive and executive functions primarily
related to frontal lobes.

Materials and Methods
Case Description
MS is a 21-year-old right-handed male attending
the final year of his undergraduate study. Two years
ago, MS presented to the Emergency Department
with right extremities numbness and later devel-
oped choreoathetoid movements of the right arm.
His mental status was normal. Brain MRI done at
the time of his admission to the hospital showed an

acute left cerebral hemisphere infarction involving
part of the basal ganglia (putamen, caudate nu-
cleus head, globus pallidus and claustrum), as well
as left insula (Figure 1). After a month, his mo-
tor function recovered completely. On a follow-up
visit done 3 months after hospital discharge his
neurological examination was unremarkable. MS
returned to all of his everyday activities which he
used to do prior to his illness.

Tests
Emotion identification test. In order to assess
MS’s ability to recognise emotional expressions
in general and expression of disgust in particular,
the Karolinska Directed Emotional Faces (KDEF)
(Lundqvist, Flykt & Öhman, 1998) stimuli set
was used. That dataset is comprised of 4900 pho-
tographs of human facial expressions, displaying
anger, disgust, fear, happiness, sadness and sur-
prise, as well as neutral expressions. The KDEF
database is equivalent to Ekman and Friesen’s
(1976) Pictures of facial affect (PFA) database,
which contains facial expressions of same six emo-
tions. For the purpose of the present research,
Calvo and Lundqvist’s (2008) adaptations of the
KDEF photographs were used. Stimuli were se-
lected according to normative data regarding iden-
tification accuracy obtained on Spanish (Calvo
& Lundqvist, 2008) and Croatian (Milovanović,
Švegar, & Kardum, 2013) populations. Recogni-
tion of emotional expressions was examined via
forced choice labelling procedure, using equiva-
lent procedure as in Milovanović et al.’s (2013)
study. MS was presented with a total of 70 pho-
tographs: 60 emotional (10 per each of six emo-
tions) and 10 neutral. His task was to identify each
of successively presented expressions by selecting
one label from a list of seven possible expressions:
anger, disgust, fear, happiness, sadness, surprise
and neutral. In order to ensure higher reliability,
the procedure was repeated after 14 days, with the
same stimuli, displayed in a randomly selected se-
rial order.

Neuropsychological tests. In order to assess cog-
nitive and executive functions, we applied stan-
dard neuropsychological tests listed and described
in detail below. All neuropsychological tests were
translated to Croatian language and standardised
for use on a Croatian population (Galić, 2002).
MS’s performance on all neuropsychological tests,
except the Stroop test and the Tower of Hanoi test,
were compared with a normative results obtained
on Croatian (Galić, 2002) and international (Lezak
et al., 2012; Strauss, Sherman & Spreen, 2006)
samples of healthy adults stratified for age and
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LESIONS OF LEFT BASAL GANGLIA AND INSULA STRUCTURES

FIGURE 1

(a) Axial T2-weighted brain MRI shows left cerebral hemisphere post-infarction encephalomalacia involving part of
the basal ganglia (putamen, caudate nucleus head, globus pallidus and claustrum), as well as left insula. (b) Coronal
T2-weighted brain MRI also demonstrates post-infarction encephalomalacia of a part of the left basal ganglia and left
insula.

years of education. In order to evaluate the per-
formance of MS on the Stroop and the Tower of
Hanoi tests, we formed two control samples, each
comprised of 20 university students. The detailed
description of these samples is provided later in the
Method section.

Tests for cognitive functions.
Rey-Osterrieth’s Complex Figure test (R-OCF)

(Meyers & Meyers, 1995; Strauss et al., 2006) was
given in two parts: copy and memory. The sub-
ject was given a blank sheet of paper, and another
sheet of paper on which the R-OCF was printed.
He was instructed to copy the figure as accurately
as possible, with no time restrictions. Each time
a portion of the drawing was completed, the sub-
ject was given a different coloured pencil whilst
the examiner was noting the order of colour used.
Switching colours affords an adequate record of
the subject’s strategy. Following completion, the
examiner removed both the original and the copied
figure. Completion time was recorded. After a re-
tention interval of 30 minutes during which the
Verbal Fluency tests, Auditory Verbal Learning test

and Clock Drawing test (CDT) were completed,
the subject was again given a blank sheet of paper,
and asked to reproduce the R-OCF from memory.

Rey-Osterrieth’s Auditory Verbal Learning
Test (RAVLT) (Strauss et al., 2006) was given to
assess verbal learning and memory. The most com-
monly used version consists of 15 nouns (List A)
that are read aloud (with a 1-s interval between
words) for five consecutive trials, each trial fol-
lowed by a free-recall test. On completion of Trial
5, an interference list of 15 words (List B) is pre-
sented, followed by a free-recall test of that list.
Immediately after this, delayed recall of the first
list is tested (Trial 6) without further presentation
of those words. After a 20-minute delay period
during which the CDT and R-OCF (memory) were
completed, the subject is again required to recall
words from List A.

Wechsler Memory Scale (WMS) (Strauss
et al., 2006) – The Digits Forward and Digits
Backward subtest was used to assess attention
and working memory. The number sequences
of the WMS are two to eight and two to seven
digits, respectively. On hearing them, the subject’s
task is to repeat them in the exact order in the
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‘forward situation’ and in exactly reversed order
in the ‘backward situation’. The normal raw
score difference between digits forward and digits
reversed tends to range a little above 1 (Lezak
et al., 2012). The reversed digit span is a measure
of working memory and is distinct from the more
passive span of apprehension measured by digits
forward (Lezak et al., 2012).

Boston Naming Test (BNT) (Kaplan, Good-
glass, & Weintraub, 1983). This test consists of 60
large ink drawings of items ranging in familiarity
from common (e.g., tree) at the beginning of the
test to uncommon (e.g., sphinx) near its end. The
subject begins with item 30 and proceeds forward.
This test effectively elicits naming deficits.

CDT (Shulman, 2000; Strauss et al., 2006).
This test is aimed to measure visual–spatial, con-
structional and executive function. The subject is
asked to draw a clock face with all the numbers and
hands and then to state the time ‘ten after eleven’.
The strength and the weakness of this test lies in the
number of cognitive, motor and perceptual func-
tions required simultaneously for successful com-
pletion.

Tests for executive functions.
Wisconsin Card Sorting Test (WCST) (Heaton,

Chelune, Talley, Kay, & Curtiss, 1993). The sub-
jects is given one pack of 64 cards in the WCST.
One to four instances of each of four symbols
in four different colours are printed on each card
(e.g., one red triangle, two green stars, three yel-
low crosses and four blue circles). The subject’s
task is to sort the cards according to a principle
inferred from the examiner’s responses to the sub-
ject’s placement of the cards. The test involves
three principles for sorting: colour, symbol or num-
ber. The examiner responds only ‘right’ or ‘wrong’
according to the subject’s placement of the card,
and does not answer any questions. After 10 con-
secutive correct placements, the examiner shifts
the principle. The test continues until the subject
makes six runs of ten correct placements, or when
all 64 cards are placed.

Verbal Fluency Test (Galić, 2002). A number of
verbal fluency tests, modelled on Thurstone’s Word
Fluency Test (Lezak et al., 2012) have been devel-
oped to assess more ‘executive’ aspects of ver-
bal behaviour: the ability to think flexibly, switch
response sets, self-regulate and self-monitor. Two
variants of verbal fluency test were applied: phone-
mic/letter fluency and semantic/category fluency.
In the first test, the subject was asked to produce as
many words as possible beginning with the letters
K, L and P (Croatian version of the test, accord-
ing to Galić, 2002) with the exception of proper

names, numbers and words with the same suffix.
One minute was allowed for each letter. In the sec-
ond test, the category fluency test, the subject was
asked to name all the animals he can think of in a
period of 1 minute.

Design Fluency Test (Jones-Gotman & Milner,
1977). This test was developed as a non-verbal
counterpart of Word Fluency Test. The subject is
asked to invent drawings that represent neither ac-
tual objects nor nameable abstract forms and that
are not merely scribbles. After being shown ex-
amples of acceptable and unacceptable drawings
made by the examiner, the subject is given 5 min-
utes to make up as many different kinds of draw-
ings as he or she can. Design Fluency Test has
been used to assess various aspects of executive
functioning.

Stroop Test. A numerical variation of the clas-
sical Stroop task paradigm was designed for the
present study. Each of the 60 trials consisted of a
certain number of digits (between 2 and 6), and
subject’s task was to quickly answer how many
digits were presented. Answers were collected via
keyboard. In congruent tasks, the number and the
content of stimuli was equal (e.g., 4 4 4 4), whilst
in incongruent trials it differed (e.g., 2 2 2 2 2 2).
The performance of MS was compared to the re-
sults of 20 healthy control subjects, undergraduate
psychology students (mean age: 20.25 years; SD =
1.37) who went through the same procedure. This
test is a measure of cognitive control, specifically
the ease with which a person can maintain a goal
in mind and suppress a habitual response (Strauss
et al., 2006).

Tower of Hanoi (computerised version). This
test has been considered an ‘executive function’
test focused partly on planning and mostly on in-
hibiting a prepotent response (the goal–subgoal
conflict). The object of the Tower of Hanoi test
is to move all the rings from the first column to the
third column. To arrive at the best solution (most
direct, fewest moves) of the test, the subject must
look ahead to determine the order of moves nec-
essary to rearrange five rings of varying sizes. The
rings should be moved one by one and a larger ring
cannot be placed on top of a smaller ring. This test
was also administered to the group of 20 healthy
control subjects, male university students (mean
age: 21.65 years; SD = 2.98), comprised for the
present study.

Procedure.
The study was conducted at the Labora-

tory for Experimental Psychology of the Fac-
ulty of Humanities and Social Sciences in Ri-
jeka, Croatia. Neuropsychological assessment was
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TABLE 1
Recognition of Emotional Facial Expressions: Percentages of Correct Answers of MS, Calvo and Lundqvist’s
(2008) Spanish Sample of Participants and Milovanović et al.’s (2013) Croatian Sample

Emotional
Expression

MS Initial
Assessment∗

MS Follow-up
Assessment∗

Calvo and Lundqvist’s
(2008) Sample (N = 160)∗∗

Milovanović et al.’s (2013)
Sample∗∗∗ (N = 40)

Anger 90 100 89–98 100–100
Disgust 90 100 86–100 100–100
Fear 80 70 79–98 60–100
Happiness 100 100 97–100 100–100
Sadness 100 100 90–100 80–80
Surprise 100 100 87–98 80–100
Neutral 90 100 98–100 100–100

∗Percentage of correct recognitions.
∗∗Average percentage of correct recognitions per stimulus.
∗∗∗ Interquartile range of correct recognitions.

carried out over three meetings lasting about
45 minutes each, 2 years and 6 months after hospi-
talisation. On the first meeting, the Emotion iden-
tification test, R-OCF: copy and memory, Verbal
fluency tests, Auditory Verbal Learning Test and
CDT were applied. On the second meeting after
2 weeks, the Emotion identification test, Tower of
Hanoi, Design Fluency Test and BNT were ap-
plied and, on the last meeting a week later, the
WMS, WCST and Stroop Test were applied. Over
the period of testing, the patient was cooperative
and motivated to complete the tasks.

The study was granted approval by the Re-
search Ethics Committee of the Faculty of Hu-
manities and Social Sciences at the University
of Rijeka. The patient expressed his willingness
to participate in the study by signing informed
consent.

Results
Emotion Recognition
On the facial emotion recognition test no impair-
ment was found, except some difficulties that MS
had with the recognition of fearful faces, several
of which he inaccurately labelled as surprised. The
results of initial and follow-up assessments were
similar (Table 1). However, since healthy subjects
also most often misclassify fearful faces as sur-
prised and vice versa (Calvo & Lundqvist, 2008;
Huang, Tang, Helmeste, Shioiri, & Someya, 2001;
Palermo & Coltheart, 2004), MS’s ability to recog-
nise facial emotional expressions in general and
expression of disgust in particular seems to be
intact. MS’s results on emotion recognition test
were compared to Calvo and Lundqvist’s (2008)
and Milovanović et al.’s (2013) participants. Calvo
and Lundqvist’s (2008) sample was comprised of

160 Spanish students (mean age: 22.2 years; SD =
3.1), whilst Milovanović et al.’s (2013) consisted
of 58 Croatian students (mean age: 23.05; SD =
3.68) from the same university that MS attends.
When the results of anxious and depressed par-
ticipants are excluded from Milovanović et al.’s
(2013) sample, 40 of 58 subjects remain, and their
results together with Calvo and Lundqvist’s (2008)
subjects are compared to MS’s scores in Table 1.

Cognitive Functioning
The patient successfully copied a complex draw-
ing (R-OCF) and used an appropriate strategy for
organising the sequence of the drawing process.
Also, drawing from memory was successful, which
reflects normal non-verbal memory and construc-
tional abilities.

He showed normal (average and above aver-
age) performance on verbal learning and memory
tasks (RAVLT), as well as on language (BNT) and
visual-spatial and constructive tasks (CDT). Since
these results did not differ from normal expecta-
tions we will not describe them in detail.

He showed slight difficulties in maintaining in-
formation in working memory because on the Digit
Backwards subtest of the WMS, his raw score was
on the lower border (four digits). According to
Lezak et al. (2012), scores 4 to 5 can be consid-
ered ‘within normal limits’, but we should expect a
better result from someone with the patient’s edu-
cational background. Of course, we must be careful
when interpreting a borderline result.

Executive Functions
On the WCST, MS clearly showed failure to main-
tain set which resulted in zero categories com-
pleted. In other words, the patient sorted correctly
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five cards in the first category (colour) but failed
to complete this category and passed over to an-
other sorting principle. This type of error can re-
flect an inability to continue using a strategy that
is working successfully, or loss of train of thought
(Lezak et al., 2012). The failure to maintain set
rarely occurs but is often linked to brain lesion
(Galić, 2002). Our patient obviously had some dif-
ficulties in forming and applying a principle and
then continuing to use a successful strategy. This
means that he could generally have problems with
abstraction and flexible thinking. This inference is
also supported by his results on verbal and non-
verbal fluency tests.

MS expressed impaired or defective phonemic
verbal fluency. His result of a total score of 22 gen-
erated words was significantly below the average
result obtained by comparison group of the same
age and educational level (53 words on average
for healthy subjects, age range 15 to 35). His to-
tal score on the semantic/category fluency test was
almost within the average range for healthy sub-
jects. Generating the names of words beginning
with particular letter is more difficult than animal
naming. The former task relates to strategies of
self-retrieving information from explicit memory
and the latter to semantic memory. To put it more
clearly, patient MS has more problems with the
ability to generate words and keep track of ear-
lier responses simultaneously, which all stand for
executive aspects of verbal behaviour, than with
his retrieval capacities. Although impaired verbal
fluency may occur with left hemisphere damage
from a variety of etiologies, imaging studies have
shown that frontal damage disproportionately im-
pairs letter fluency whilst temporal lobe damage
has a greater effect on semantic fluency (Birn et al.,
2010). Patient MS expresses a similar problem with
letter fluency as patients with frontal lobe damage
(Lezak et al., 2012).

On the Design Fluency test, he achieved a low
score. He successfully drew only three drawings
in a 5-minute period (compared to 15 drawings
in average for healthy subjects, age range 14 to
55). It has been found that patients with frontal
lobe damage tended to have reduced output rela-
tive to healthy subjects and patients with posterior
lesions (Lezak et al., 2012). Design Fluency was
used to assess various aspects of executive func-
tioning, thus MS has again shown difficulties in
some aspects of executive functions similar to pa-
tients with frontal lobe damage (e.g., productiv-
ity, speed, self-monitoring and self-control of own
performance, remembering rules, strategy use and
creative imagination).

In order to evaluate MS’s performance on the
Stroop test, his speed and accuracy of respond-

ing were analysed and compared to the perfor-
mance of the control group. When the results of
MS are transformed to Z standard values, his per-
formance on Stroop tasks is clearly impaired. MS
was slower (Z = −2.81) and made more errors (Z
= −2.02) than control participants. According to
Strauss et al. (2006), patients with brain injury are
typically slower to respond on all tasks and more
prone to Stroop interference. Thus, we could con-
clude that our patient had some difficulties with
cognitive control.

Performance of MS on the Tower of Hanoi
test was also compared to a control group and ex-
pressed in Z standard values. Although MS did not
require a lot of moves to complete the tasks (Z =
0.15), he required more time than control subjects
(Z = −1.92). This could mean that he had some
difficulties with response inhibition and working
memory.

Results Summary
To summarise, MS’s ability to recognise facial
emotional expressions in general and expression of
disgust in particular seems to be intact, but he has
clearly showed impaired performance on subsets
of the executive functions related to the elabora-
tion of plans of actions (rule-finding, set-shifting
and self-activation of cognitive strategies/cognitive
control). In other cognitive tasks, he showed aver-
age or above average performance in accordance
with his age and educational level.

Discussion
Analysis of MS’s performance on the emotional
recognition test revealed that his ability to per-
ceive facial emotions in general and expression
of disgust in particular remained intact after uni-
lateral injury of the left insula and basal ganglia.
This finding is contrary to the central finding of
Calder et al. (2000) who demonstrated that unilat-
eral lesions of the left insula and putamen result in
deficits in recognition of facial disgust. However,
the findings of the present study are in confluence
with several reports that activation of the right in-
sula is important for the recognition of disgusted
faces (Anderson et al., 2003; Phillips et al., 1997;
Phillips et al., 2004; Ruiz et al., 2013; Schroeder
et al., 2004). Our finding is not in contradiction to
the report of Adolphs et al. (2005) who claimed
that bilateral insula lesions resulted in impaired
ability to recognise facial disgust. When the re-
sults of Calder et al. (2000) are re-analysed in de-
tail, their subject did not lose the ability to recog-
nise disgust, since his performance on the Ekman
and Friesen’s (1976) PFA and Matsumoto and
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Ekman’s (1988) Japanese and Caucasian Facial
Expressions of Emotion (JACFEE) stimuli was
above guessing by chance. On both tests, he man-
aged to correctly recognise facial disgust in 50%
of trials, whilst the expected accuracy in the case
of guessing by chance would be only around 14.3–
16.7% since there were six–seven possible answers
in the forced-choice procedure used by Calder et al.
(2000). Moreover, his Z-score on recognition of
disgust in Ekman and Friesen’s (1976) PFA stim-
uli equaled Z = −1.68, which means that his per-
formance was better than about 10% of controls.
Therefore, our findings support the hypothesis that
the insula-striatal system is involved in recognis-
ing signals of disgust in others and that the right
insula is crucial in this process.

On the other hand, MS showed preserved in-
tellectual function in general, but impairment on
subsets of the executive functions. According to El-
liott (2003), the executive dysfunctions associated
with basal ganglia disorders provide neuropsycho-
logical evidence that frontostriatal circuitry, rather
than discrete prefrontal regions, may be important
in mediating executive function. This case con-
tributes to evidence that striatal structures are im-
portant for the executive functions. Our patient has
shown the similar pattern of impairment of ex-
ecutive functions, with emphasis on set-shifting
and ability to activate or generate cognitive strate-
gies, to that found in patients with caudate le-
sions (Levy & Dubois, 2006). Executive function
deficits, therefore, appear to be a genuine concomi-
tant of basal ganglia damage (Elliott, 2003). The
dorsolateral PFC is tightly connected with the cau-
date nucleus. Electrophysiological studies focus-
ing on the head of caudate nuclei have demon-
strated patterns of neural activation similar to those
observed in the dorsolateral PFC during work-
ing memory or sequencing tasks (Levy & Dubois,
2006). Also, in functional imaging, activation in
the dorsal portion of the head of caudate nucleus
was found during working memory tasks and dur-
ing planning tasks (Levy & Dubois, 2006; Pos-
tuma & Dagher, 2006). The obtained results are in
line with Levy and Dubois (2006) and Bonelli and
Cummings’ (2007) explanations of cognitive pro-
cessing related to the dorsolateral prefrontal circuit
and impairment in specific subsets of the executive
functions associated with cognitive inertia, such
as self-generation of rules and set-shifting as well
as strategies to retrieve and organise information.
Furthermore, Levy and Dubois (2006) suggested
that specific cognitive tasks such as the WCST
(rule-finding, maintenance and set-shifting), the
Tower of Hanoi task (planning) or the letter flu-
ency task (self-activation of cognitive strategies)
can be used to detect this cognitive inertia (man-

ifested as weakened incentive or apathy). Patients
with dorsolateral PFC dysfunction have difficulty
focusing and sustaining attention, generating hy-
potheses, and maintaining or shifting sets in re-
sponse to changing task demands. According to
this, we could conclude that our patient, as we
assumed, had impaired corticostriatal connectivity
due to his brain injury.

Conclusion
MS’s ability to perceive facial emotions in general
and expression of disgust in particular remained
intact in spite of unilateral injury of the left insula
and basal ganglia. Also, MS showed preserved in-
tellectual function in general, but he experienced
difficulties on subsets of the executive functions.
Impaired executive functions could lead to very se-
rious problems such as impaired capacity to initiate
activity, decreased motivation and defects in plan-
ning and carrying out activity sequences as a part of
goal-directed behaviours (Lezak et al., 2012). Be-
cause executive functions are often impaired but
overlooked in patients with basal ganglia damage,
it is of crucial importance to attentively define the
possible impairment of executive functions and to
help the patient to cope with such disabilities.
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