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EXECUTIVE DYSFUNCTION AFTER STROKE -
POSSIBILITIES AND LIMITATIONS
OF DIAGNOSIS
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Abstract

Purpose: A variety of neuropsychological symptoms, including executive dysfunction, are common consequences of a stroke. How-
ever, as demonstrated in literature reviews, there are still several unclear issues in this area. This article, therefore, provides descrip-
tion of specific components of executive dysfunction in stroke patients together with principles of their diagnosis.

Views: Cerebral stroke is one of the most common causes of disability, with a devastating impact on the daily functioning of pa-
tients. Some of its common consequences are cognitive and behavioural disorders. Comorbid symptoms include premorbid person-
ality changes and emotional disorders. A relatively new diagnostic category of post-stroke symptoms is the dysexecutive syndrome.
It involves a variety of symptoms, such as ineffective performance, perseveration, rigidity of thought or impaired planning and
predicting the consequences of one’s actions. The dysexecutive syndrome is not a homogenous syndrome, and many researchers
postulate its division into subunits, depending on the predominant symptoms.

Conclusions: Executive dysfunction after stroke is an important clinical and social problem. Impaired performance of complex
tasks or deficits within planning or reasoning have a marked effect on patients” social and professional functioning. The theoretical
notion of dysexecutive syndrome may allow to better understand the scope and nature of patients’ problems and implementation
of more effective forms of neuropsychological rehabilitation.

Key words: stroke, neuropsychological diagnosis, executive dysfunctions, dysexecutive syndrome, emotional disorders.

Streszczenie

Cel: Konsekwencjami udaru mézgu moga by¢ réznorodne zaburzenia neuropsychologiczne, w tym deficyty wykonawcze. Jak poka-
zuje przeglad badan nadal jednak istnieje kilka nie do konca rozstrzygnietych kwestii w tym zakresie. W zwiazku z tym w artykule
przedstawiona zostata charakterystyka poszczegolnych podzespotéw dysfunkcji wykonawczych oraz zasad ich diagnozy.

Poglady: Udar mézgu jest jedna z najczestszych przyczyn niepelnosprawnoéci utrudniajgcej codzienne funkcjonowanie chorych. Dosé
powszechnymi jego nastepstwami sg zaburzenia poznawcze i behawioralne. Wraz z deficytami poznawczymi moga wspotwystepowac
zmiany osobowosci przedchorobowej i zaburzenia emocjonalne. Stosunkowo nowg kategorig diagnostyczng objawéw poudarowych
jest zespot dysfunkcji wykonawczej. Charakteryzuje si¢ on wystepowaniem réznorodnych objawdw, takich jak nieskuteczne dzialanie,
pomimo posiadanej wiedzy o jakim$ zadaniu, persewerowanie, sztywnos$¢ myslenia, trudnoéci w planowaniu i przewidywaniu kon-
sekwencji wlasnych dziatan. Opisywany syndrom nie stanowi jednolitego zespolu objawdw, a wielu badaczy postuluje rozréznienie
poszczegdlnych podzespotéw z dominujacymi objawami.
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Whioski: Dysfunkcje wykonawcze pojawiajace si¢ po udarze mézgu stanowia wazny problem kliniczny i spofeczny. Problemy pacjen-
tow w postaci niemoznosci realizacji ztozonych zadan czy trudnosci w zakresie planowania i przewidywania konsekwencji wlasnych
dziatant maja negatywny wplyw na ich funkcjonowanie spoleczne i zawodowe. Konstrukt teoretyczny syndromu dysfunkeji wykonaw-
czej moze by¢ przydatny dla lepszego zrozumienia problemdéw pacjentdéw oraz opracowania bardziej skutecznych form rehabilitacji

neuropsychologiczne;.

Stowa kluczowe: udar, diagnoza neuropsychologiczna, zaburzenia funkcji wykonawczych, zespdt dysfunkeji wykonawczej, zaburzenia
emocjonalne.

INTRODUCTION volved in the regulation of complex human behaviours [10].

Some of the quite common consequences of cerebral
stroke are cognitive disorders, which may include defi-
cits within perception, attention, memory, language and
the ability to handle complex tasks [1, 2]. Along with cog-
nitive disturbances, there are reports of premorbid per-
sonality changes involving a loss of interests and plans,
a change within values or self-esteem or general inability
to fulfil social roles [3]. There may also appear certain
affective disturbances, i.e. emotional lability, increased
anxiety, irritability or impulsivity, inappropriate affect or
depressive states [4]. The aforementioned disorders may
stem from organic brain damage or constitute a psycho-
logical response to the disability [5].

Stroke is characterised by fast and focal development
of neurologic symptoms reflecting a loss of brain func-
tion due to a sudden loss of blood circulation or an in-
tracranial haemorrhage [6]. Most strokes are ischaemic,
constituting approximately 80% of all cases, and about
15% are haemorrhagic [7]. Stroke is one of the most
common causes of disability, including disability result-
ing from neuropsychological disorders. Approximately
70% of stroke patients require third party care [8]. In this
patient group, it is of major importance to make an imme-
diate and accurate diagnosis of the disability and implement
effective therapeutic methods. Complex neuropsychologi-
cal consequences of a stroke call for such an individualised
approach, involving planned and intentional interventions
of both the caregivers and professionals, and thus improv-
ing the quality and effects of patients” return to functional
autonomy. With regard to the diagnostic process, it is es-
pecially important to discuss the executive dysfunction in
patients with post-stroke symptoms as well as possibilities
and limitations of their diagnosis.

CHARACTERISTICS OF EXECUTIVE
FUNCTIONS

The notion of executive functions has become one
of the fundamental concepts in modern neuroscience [9].
Based on clinical observations and scientific research, it has
been concluded that the frontal lobes are particularly in-

136

Theoretical background of executive functions is associ-
ated with research conducted by Luria [11]. In his model
of the human brain, he distinguishes three functional
systems: (a) a unit for arousal and attention (limbic and
reticular activation system); (b) a unit for receiving, an-
alysing and storing information (posterior neocortex);
and (c) a unit for planning, organising and regulating
behaviour and cognition (frontal lobes). This concept de-
fines regulation as the ability to alter an operation during
the performance of a particular task, which often occurs
with the participation of language processes [12]. Control,
in turn, is understood as the ability to compare the effects
of an action to the original intent. Solving a problem
requires an analysis of initial conditions, development
of a specific plan (strategy), implementation of relevant
operations and, finally, a comparison of the result to
the input data [13]. Clinical neuropsychology promotes
Lezak’s approach [14], according to which executive func-
tions form a system that allows successful completion
of a purposeful action. These functions comprise four
processes: (a) volition; (b) planning; (c) purposive ac-
tion; and (d) effective performance. Proper performance
of each of them depends on the completion of the previ-
ous one. Currently, executive functions are understood as
mental abilities responsible for, among others, the follow-
ing: (1) anticipation and focus of attention; (2) self-mon-
itoring and impulse control; (3) initiation of activity;
(4) working memory; (5) mental flexibility and the ability
to make use of feedback; (6) planning and organisation; and
(7) the choice of effective problem-solving strategies [15].
They also form a central executive system that allocates
cognitive resources, monitors, controls and inhibits other
cognitive processes and behavioural responses, thus con-
tributing to a better adaptation to the environment [16].
They enable modification of initiated actions and cus-
tomisation of responses, depending on the changing
situational context [9]. Cognitive and behavioural con-
trol are believed to be particularly significant executive
domains [17, 18]. Complex nature of executive function
was also demonstrated in research on healthy individuals,
involving factor analyses of various measures of executive
performance. For example, based on the factor analysis
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of 19 neuropsychological tests in 200 healthy people, Testa,
Bennett and Ponsford [19] distinguished 6 relatively in-
dependent factors: prospective working memory, set-
shifting and interference management, task analysis, re-
sponse inhibition, strategy generation and regulation,
self-monitoring and set-maintenance. In turn, Miyake
et al. [20] distinguish three main executive domains (shift-
ing, updating, and inhibition), suggesting their relative in-
dependence but also certain common characteristics.

A part of stroke patients experience typical executive
dysfunction symptoms, such as ineffective performance
despite sufficient knowledge about a task [21]. Some other
symptoms of executive deficits include: hypersensitivity
to external stimuli, perseverations, rigidity of thought,
difficulty in planning and anticipating consequences
of actions, adynamia or disinhibition. Some patients con-
stantly make mistakes carrying out particular tasks, even
when they detect and verbalise the principle behind it.
Such difficulties are a manifestation of the dissociation
between thinking and action [22]. The prevalence of ex-
ecutive dysfunction after stroke ranges from 18.5% to
39%, depending on definitions and instruments used for
its evaluation [23, 24]. Executive dysfunction after stroke
is often associated with the location of the damage.

EXECUTIVE DYSFUNCTION
AND LOCATION OF STROKE

To date, there have been a number of reports on vari-
ous specific executive symptoms resulting from lesions to
different brain areas in stroke patients [22]. Assessment
of such disorders is no easy task, considering the com-
plexity of cerebral vascularisation and disassociation in
severity of different deficits. Depending on lesion loca-
tion, i.e. whether stroke was located in the frontal (ante-
rior vascularisation), rear (posterior vascularisation) or
subcortical portions of the brain (various blood vessels),
patients were normally divided into frontal - non-frontal -
subcortical groups and thus compared in their perfor-
mance of neuropsychological tests [25]. Studies regarding
executive dysfunction, depending on location of patholo-
gy in the brain, were selected from PubMed, PsychINFO
and Google Scholar databases. As shown in Table 1, their
results are inconsistent.

Some studies demonstrate larger executive dysfunc-
tion, involving impairment in critical thinking and plan-
ning [26, 27], verbal working memory and verbal mental
flexibility [27, 30], cognitive and motor inhibition [28, 30]
and non-verbal mental flexibility [30], in patients with
stroke located in the frontal rather than the rear areas
of the brain. Other reports, however, do not confirm such
findings, indicating no difference between the groups in
terms of cognitive inhibition, verbal and non-verbal men-
tal flexibility, critical thinking, verbal working memory

and planning [27, 29, 31, 32, 34]. In addition, Pohjasvaara
et al. [35] and Zinn et al. [36] reported greater executive
dysfunction, manifested in basic and complex activities
of daily living, in patients with stroke located in the frontal
areas of the brain.

Research analyses also indicate that patients with le-
sions located in the frontal lobes compared to those with
pathology in the subcortical structures struggle with sim-
ilar executive difficulties within e.g. cognitive and motor
inhibition [28], critical thinking, verbal and non-verbal
mental flexibility [30, 34].

In turn, patients with pathology in the rear areas
of the brain compared with patients with lesions locat-
ed in subcortical structures are characterised by smaller
deficits in executive functioning [28, 30].

Furthermore, there is evidence of executive dysfunc-
tion in patients with stroke located in the basal ganglia,
in terms of verbal working memory and critical think-
ing [37] and in the insula in terms of non-verbal mental
flexibility [38].

Relevant data was also provided by Vataja et al. [39],
who demonstrated that stroke patients with executive
deficits compared to those without them (with scores
below 1.5 SD compared to the controls in SCWT, TMT,
WCST) were characterised by brain lesions located
in different brain areas: frontal, rear and subcortical.
In addition, certain executive dysfunctions in various pro-
cesses, i.e. cognitive inhibition, visual set shifting, non-
verbal mental flexibility, were demonstrated in patients with
stroke only in the subcortical brain structures [40-42].

THE DYSEXECUTIVE SYNDROME AND
THE FRONTAL LOBE SYNDROME

Various executive function deficits and their charac-
teristics are currently a subject that is widely discussed
in neuropsychology. Many researchers and practitioners
highlight the complicated nature of executive dysfunc-
tion and postulate the need to establish a typology of its
different subunits [43]. Among the first ones to introduce
the concept of the dysexecutive syndrome to the world
literature were Baddeley and Wilson [44]. In their sci-
entific and clinical activity, they wanted to change and
replace the diagnostic unit known as the frontal lobe
syndrome [45], especially since the previous approach
assuming frontal lobe pathology to be a necessary and
sufficient condition to trigger executive dysfunction
proved to be outdated in light of later research. The last
three decades have provided empirical evidence that
malfunctioning brain structures outside of the frontal
lobes may induce various executive symptoms, and, on
the other hand, that frontal lobe damage does not always
lead to such dysfunction [46]. In addition, many patients
with different neurological and mental health problems
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exhibit considerable variation in terms of symptoms
known as the dysexecutive syndrome [47]. Presented be-
low are descriptions of both syndromes to indicate some
of the most important differences between them.

Frontal lobe syndrome is a psychiatric diagnostic unit
characterised by a number of changes within personality
and emotional function [48]. A classic example of a patient
with the frontal lobe syndrome is the case of Phineas Gage,
who manifested all sorts of behavioural and emotional
changes [49]. From the neurological point of view, a patient
with the frontal lobe syndrome is a patient with symptoms
in the form of jocular attitude or aboulia, lack of criticism
and concurrent neurological symptoms [49, 50]. There are
three main types of frontal lobe syndromes, depending on
the location of the damage. The first one is the orbitofron-
tal syndrome, characterised by impulsive behaviour, disin-
hibition, lack of insight, irritability and emotional lability.
The second one is the medial frontal syndrome, marked
by apathy, loss of interest, lack of motivation, initiative
or drive and self-negligence. The third one is the frontal
convexity syndrome, which includes impairment within
memory, abstract thinking and mental set changes, lack
of problem-solving strategies, and depression [51].

In contrast, dysexecutive syndrome involves a wide
variety of different executive disturbances due not
only to lesions to the frontal areas but also other brain
regions, such as parietal lobes, anterior cingulate cortex,
subcortical structures (e.g. the thalamus or striatum) and
the cerebellum [52]. Therefore, it seems incorrect to
use the term “frontal lobe syndrome,” as current state
of knowledge concerning other brain areas suggests that
their damage may result in a similar clinical picture.

SELECTED COMPONENTS OF THE
DYSEXECUTIVE SYNDROME

The dysexecutive syndrome has been suggested to in-
clude a variety of symptoms, which often dissociate, with

some processes being impaired, and others remaining in-
tact [53]. The syndrome is thus of a heterogeneous nature.
Depending on the theoretical concept, there are several
classifications of executive dysfunction. Presented below
are four selected models of dysexecutive syndromes.

One of the more interesting models, proposed by
Godefroy and Stuss involves distinguishing of two sub-
units [54]: the behavioural dysexecutive syndrome and
the cognitive dysexecutive syndrome. The former in-
cludes the following: (a) limited activity (apathy and as-
pontaneity) or general agitation (disinhibition and im-
pulsivity); (b) stereotyped behaviour and perseverations;
(c) excessive environmental dependency (e.g. utilisation
behaviour - performance of motor activity associated
with the correct function of the object despite the ab-
sence of explicit instructions). Other reported symp-
toms are difficulties in social behaviour, anosognosia or
inappropriate sexual behaviour. In turn, the cognitive
type includes as follows: (a) problems within initiation
and inhibition of actions and reduced focus of attention;
(b) difficulty in maintaining and shifting of mental sets;
(c) planning and problem-solving deficits; and (d) im-
paired information generation. Associated deficits may
be problems within working memory and the ability to
rapidly refresh information, impaired learning strate-
gies and deficits within the so-called social intelligence
(the ability to predict human behaviour based on the anal-
ysis of their thoughts, beliefs and intentions).

A similar model, involving a distinction into two
subunits, was developed by Jodzio [55]. The first sub-
unit includes a dominant planning disorder and includes
the following: (a) difficulty within the choice of purpose-
ful actions; (b) planning deficits; (c) mental set persevera-
tions; (d) mental set rigidity; (e) obsessiveness and rigidity
of thought; and (f) adynamia. The other one is charac-
terised by dominant control deficits and involves as fol-
lows: (a) difficulty in action initiation; (b) control deficits;
(c) perseverations; (d) mental set instability; (e) compul-
sivity and impulsivity of actions; and (f) disinhibition.

Table 2. Description of selected classifications of the dysexecutive syndrome

Authors Syndrome type

Main features

Ardila (56)
disorder

A. Dysexecutive syndrome with dominant meta-cognitive

Planning and temporal organisation deficits

emotional disorder

B. Dysexecutive syndrome with dominant motivational/

Control deficits and personality change

Baune ef al. (57)

Depression-executive dysfunction syndrome

Disturbances in sequencing, organising,
planning, abstracting, reduced interest in
activities, and psychomotor retardation and
vegetative symptoms

Godefroy and Stuss (53)

A. Dysexecutive syndrome with dominant conduct disorder

Control deficits

B. Dysexecutive syndrome with dominant cognitive disorder

Planning deficits

Jodzio (55)

A. Dysexecutive syndrome with dominant planning disorder

Planning and thinking deficits

B. Dysexecutive syndrome with dominant control disorder

Control and executive deficits
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Test (SCWT) (66)

of names of colours printed in black; part 2 speed naming
of colours presented in the form of rectangles; part 3 speed
naming of colour words printed in ink of different colour;
manual or computer version

working memory,
verbal aftention

Test Description Components Limits
Wisconsin Card Test consists of two identical packs of cards (each pack Switching, Time-consuming,
Sorting Test (WCST) contains 64 cards) and four reference cards; using perseveration, difficult to complete,
(65) the feedback provided by the examiner, the subject is trying problem solving motor (non-paresis
to lay the card according to the shape, colour and number; patients), low level
manual or computer version of ecological validity
Stroop Colour Word Test consists usually of three tasks: part 1 speed reading Cognitive inhibition, Verbal (non-aphasic

patients), low level
of ecological validity

Trail Making Test (TMT)
67)

Part A consists in connecting 25 circles containing numbers
from 1 to 25, arranged irregularly; in part B, the subject is o
alternate between irregularly arranged circles containing
numbers from 1 to 13 and letters from A to L, connecting
them with a contfinuous line; paper-pencil test

Non-verbal cognitive
flexibility, non-verbal
attention

Motor (non-paresis
patients), low level
of ecological validity

Verbal Fluency Test
(VFT) (68)

Consists of a lefter (phonemic) task or a category (semantic)
task; in the category task, the participants are to provide
as many words from each category as they can, and in
the letfter test, as many words starting with the given letter
of the alphabet as they canin 1 min

Verbal flexibility, word
production, verbal
attention

Verbal (non-aphasic
patients), low level
of ecological validity

Tower of London
(TOL) (69)

The participants receive a wooden tower with three pins
(large, medium or smaill) and three balls (red, green or blue),
starting from a fixed position must move the balls, one at
a time, matching stimulus showed in a card (12 problems),
with the minimum moves required (from 2 to 5); if participant
cannot do it or perform with more moves than the minimum

Planning, visual
attention

Motor (non-paresis
patients), low level
of ecological validity

computer version

required, such person is asked to try it again; manual or

Go No Go Task
(GNG) (68)

Requires the subjects to perform conflicting motor responses,
manual or computer version

Motor inhibition, visual
attention

Motor (hon-paresis
patients), low level
of ecological validity

According to Jodzio, those symptoms do not form a com-
plete list of all executive deficits. Manifestations of the dis-
order can be observed on a continuum from the cognitive
(mental) to the behavioural symptoms (action).

The third classification is one by Ardila [56]. He
distinguishes the metacognitive and the motivational/
emotional executive dysfunction syndromes. The former
manifests itself through the following: (a) inability to cre-
ate task performance strategies; (b) difficulties in complex
problem solving; (c) difficulties in consequence anticipa-
tion; (d) perseverations and (e) deficits within temporal
organisation. The latter one entails: (a) deficits within
cognitive and emotional control; (b) difficulty within ba-
sic impulse inhibition; (c) inappropriate social behaviour;
(d) disregard of important events and inability to respond
to social cues; and (e) personality changes.

Due to depression being a common comorbidity of ex-
ecutive deficits in stroke patients suffering damage to fron-
tostriatal and limbic pathways, Baune et al. [57] proposed
the so-called depression-executive dysfunction syndrome.
Their model is characterised by disturbances in sequencing,
organising, planning, abstracting, reduced interest in activ-
ities, and psychomotor retardation but less pronounced
vegetative symptoms than those reported in depressed el-
derly patients without significant executive dysfunction [4].
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Both clinical observations and research findings [58]
support the aforementioned classification systems. All
four of them take into account cognitive and behavioural
aspects of executive function. The last two consider also
emotional deficits. A summary of the described dysex-
ecutive syndromes is presented in Table 2. All presented
models comprise similar theoretical approaches to par-
ticular aspects of executive dysfunction observed in
stroke patients.

DIAGNOSTICS OF EXECUTIVE
DYSFUNCTION

Diagnosis of executive function disorders is a complex
process that may be a challenge both in the theoretical and
technical contexts [58]. Diagnostic difficulties may arise
not only because of the different etiopathogenetic cir-
cumstances and complex clinical characteristics of execu-
tive dysfunction, but also because of the need to take into
account the age of patients. It has been empirically con-
firmed that the natural aging process leads to the shrink-
ing of neurons, especially within the frontal lobes, which
translates into weaker performance in tests measuring ex-
ecutive functions [59-61]. The profile of cognitive deficits
in post-stroke patients depends on the location of vascu-
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Table 4. Description of ecological neuropsychological tests used fo measurement executive functions

Test

Description

Components

Six Elements Test (SET) (71)

Conisists of two sets of arithmetic problems, two dictation tasks and

two sets of pictures that have to be named, i.e. six subtasks in total;

the subject is to attempt to do at least some of all six sections within

10 min according to the rules; however, they are not allowed o do
the two parts of the same task consecutively

Strategy application,
performance monitoring,
planning

Multiple Errands Test (MET) (72)

Measures executive function on everyday functioning through
a number of real-world tasks (e.g. purchasing specific items,
collecting and writing down specific information, arriving at a stated
location); the participant is observed performing the test
and the number and type of errors (e.g. rule breaks, omissions)
are recorded

Strategy allocation, planning

Executive Function
Performance Test (EFPT) (73)

Measures the execution of four basic tasks that are essential for self-
maintenance and independent living: simple cooking, telephone
use, medication management, and bill payment

Multitasking, planning,
activities of daily living

Table 5. Description of computer-based cognitive programs used to fraining of executive dysfunctions

Test

Description

Cogmed (24)

Includes both audio (verbal) and visual (visuospatial) working memory tasks, which always require a motor response;
task difficulty is adapted to the performance of the trainee, and positive feedback is given immediately; program
that can either be done at the rehabilitation centre or at home

AixTent (24)

Consists of separate training modules that can be combined (focus on phasic alertness, vigilance, selective
attention, or divided atftention); responses can be given with two response keys that can also be operated with only
one hand; all tasks were designed fo be game-like, and task difficulty is automatically adapted to the performance

of the participant; feedback is given during and at the end of a training session

RehaCom (24)

Consists of several graphical games that adapt to the performance of the participant and use a variety of stimuli
such as playing cards; the training focuses on several cognitive domains (selective aftention, working memory,
executive functions e.g. buying items from a shopping list while purchases must fit within a certain budget)

lar lesions and they may manifest themselves in the form
of cortical, subcortical, or mixed symptoms [62].

Description of the deficit profile in the dysexecutive
syndrome requires a wider perspective, extending be-
yond the classification of symptoms into the cortical and
subcortical ones. In addition, executive disorders do not
often constitute an isolated symptom (although they may
dominate the clinical picture), but rather co-occur with
other cognitive deficits (impaired attention, memory, lan-
guage, and visual-spatial functions).

Studies on post-stroke patients often report their
scores in the Mini-Mental State Examination (MMSE),
but this test is insensitive to executive dysfunction and
does not capture more subtle cognitive deficits [63]. Due
to this very fact, a better tool facilitating the process
of screening for executive dysfunction in stroke patients
is the Birmingham Cognitive Screen (BCoS) [64]. This
battery assesses five cognitive domains: (a) attention and
executive function; (b) language; (c) memory; (d) num-
ber skills; and (e) praxis.

The most common standard tests used to measure ex-
ecutive functions are the following: the Wisconsin Card
Sorting Test, the Tower of London, the Stroop Colour
Word Test, the Trail Making Test, and Verbal Fluency
Test, or the Go No Go Task [2, 22]. A short description
of those tools is presented in Table 3. Quantitative results

obtained from the use of those methods can, however,
provide a false clinical picture, because their design often
deviates from the real life problems patients may not be
able to cope with [70]. Therefore, there is now a tenden-
cy to create tools resembling everyday life challenges, i.e.
ones of greater ecological accuracy. Among these, the most
popular ones are: the Six Elements Test, the Multiple Er-
rands Test, and the Executive Function Performance Test.
Their descriptions can be found in Table 4. They are based
on tasks measuring different types of executive function,
including planning, thinking and acting strategies, and do
not often require general knowledge but rather spontaneity
and thinking flexibility [74]. Research tools based on virtu-
al reality are also a new diagnostic method. Development
of virtual methods was based on a different methodological
approach than paper-pen or computer assisted tests, one
of the fundamental concepts associated with the use of vir-
tual reality in neuropsychology is immersion, i.e. the abil-
ity of computer-generated environment to elicit a feeling
of presence in virtual reality [75, 76]. The tool that is most
commonly used in working with patients is the so-called
head-mounted display (HMD), which allows the projec-
tion of three-dimensional (3D) graphics. Through track-
ing head movement, the tool allows its users to natural-
ly interact with electronic environment [77]. This means
that they can navigate, see from different perspectives, and
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manipulate its contents [78]. Virtual tests are currently
used in experimental studies to evaluate neuropsycholog-
ical deficits including executive dysfunction in patients
after stroke, but they may soon become useful in clinical
practice [79-81].

In the literature, different rules appear to facilitate
the selection of a specific diagnostic approach, such as:
(a) time requirements, i.e. using as many methods to
collect as much data on the executive functions within
a specified time; (b) the test selection factors, understood
as ways of administration, cost, accuracy or range of clin-
ical applications; (c) the use of diagnostic hypotheses
formulated on the basis of the collected qualitative and
quantitative data from the medical history, the results
of previous assessments, observation and interview; and
(d) theoretical foundations of the research procedures,
i.e. selection of methods in accordance with the chosen
theoretical approach [82].

Either a functional or ecological approach to neu-
ropsychological diagnostics of executive dysfunction in
stroke patients seems a more accurate choice than func-
tional localisation or differential diagnosis [55]. This is
due to limitations of localisation diagnosis, according to
which a function is linked to a specific area of the brain.
To that end, tools designed to measure executive per-
formance are not limited to investigating only the func-
tions of the frontal lobes [83]. On the other hand, due
to the heterogeneous nature of executive functions, and
the fact that various degrees of executive dysfunction are
observed in patients with different medical conditions, it
seems insufficient to use methods of differential diagno-
sis, the aim of which would be to describe a single set
of symptoms. Functional diagnosis has the greatest po-
tential to fully describe the functioning of human men-
tal processes, both the impaired and the preserved ones.
Functional psychological assessment is therefore a more
accurate approach, as it enables implementation of more
effective therapy or neuropsychological rehabilitation.

Apart from quantitative data, proper diagnostics
of executive dysfunction requires also qualitative descrip-
tion of patients’ performance and errors. Some practi-
tioners and researchers suggest that the best way to draw
conclusions concerning executive function is to create
a general patient profile based on all test scores as well as
interview and observation data [84]. In stroke patients,
who often have limited mobility, the administration
of standard psychometric methods can be much more
difficult or even impossible. Therefore, it is often suggest-
ed to apply simple clinical/experimental techniques based
on the Lurian [83] approach (e.g. simple finger opposition
task, Fist-Edge-Palm Test, and the Reciprocal Motor Pro-
gramme Test) to obtain qualitative data on mental func-
tion disorders. In addition, good diagnosis of executive
dysfunction involves more general questions concerning
future plans or their implementation [55].
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INTERVENTIONS FOR EXECUTIVE
DYSFUNCTION AFTER STROKE

Even though early spontaneous improvement within
certain neuropsychological domains (especially up to
six months) after stroke may occur in a substantial pro-
portion of patients [85], executive deficits are known to
persist over time [86]. Those lead to functional depen-
dency [35], limit patients’ ability to return to work [87]
and affect their social functioning [88]. Executive func-
tions are, therefore, of great concern to clinicians and
researchers involved in cognitive rehabilitation following
a stroke. In line with the latest guidelines, neuropsycho-
logical rehabilitation should be based on research us-
ing standardised therapeutic methods, the application
of which is aimed at functional improvement in signifi-
cant life domains [89]. Different therapeutic approaches
are suggested [90]. Some are oriented toward targeted
remediation of specific executive processes, e.g. through
computer-based training (Cogmed QM, AixTent or
RehaCom) [91-93]. Others focus on teaching patients to
use their residual skills more efficiently or to compensate
for their difficulties through the use of various strategies,
such as cognitive strategies to improve problem solving.
External compensatory mechanisms, such as electronic
paging systems or environmental modifications are also
used in an attempt to improve accomplishment of daily
activities. Two recent systematic reviews demonstrated
that stroke patients may possibly benefit from specific ex-
ecutive function training and learn compensatory strate-
gies to reduce the consequences of executive impairment.
Poulin et al. [24] describe 10 studies confirming effec-
tiveness of remedial and compensatory interventions
in executive deficit reduction. In turn, upon analysis of
20 papers, van de Ven et al. [94], concluded that most re-
ported good effects of computer-based cognitive training
on functional improvement in stroke patients. Unluckily,
most studies suffered certain methodological limitations
(e.g. lack of an active control group or no adjustment for
multiple testing), thus hampering differentiation of train-
ing effects and spontaneous recovery, retest effects and
placebo effects.

CONCLUSIONS

Post-stroke executive dysfunctions are an important
clinical and social problem. The loss of skills to perform
complex tasks or impairment of planning and antici-
pating might adversely affect the social and profession-
al functioning of patients and their quality of life. In
the diagnostics of executive dysfunction, it is important
to use a variety of neuropsychological methods, especial-
ly those of confirmed ecological validity, to properly rec-
ognise the underlying causes of the observed deficits and
recommend effective forms of therapy.
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