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General introduction

Visuospatial neglect is a clinical syndrome (Vallar et al., 2003) occurring in a considerable
number of patients after cerebrovascular stroke, mostly in the right hemisphere (RH)
(Bowen et al., 1999). Patients with neglect typically fail to explore the half-space
contralateral to the cerebral lesion, whilst this failure cannot be attributed to a primary
sensory or motor deficit (Heilman et al., 1993). As a result, neglect patients may ignore the
contralesional part of their bodies in selfcare activities, bump into obstacles and door
frames on their contralesional side and make reading and writing errors. The occurrence
of visuospatial neglect is considered to be a crucial factor influencing rehabilitation
outcome, often leading to poor recovery from stroke (Jehkonen et al., 2006; DiMonaco et
al., 2011; Vossel et al., 2013).
Key concepts
Spatial attention: exogenous and endogenous processes
From a theoretical point of view, neglect is usually described as a spatial attention deficit
(Kerkhoff, 2001), leading to an asymmetry in performance levels on the contralesional as
compared to the ipsilesional side. Bartolomeo and Chokron (2002) distinguish between
exogenous (unconscious and bottom-up) and endogenous (conscious, influenced by topdown intentional behaviour) attentional processes. These authors propose that in RH
neglect patients, exogenous attention for the contralesional side is impaired, whereas
endogenous attentional processes appear to be relatively preserved, although slowed.
This idea fits well within the clinical picture of neglect: patients do not explore left space
automatically, but can be instructed to do so on a conscious level (Posner et al., 1984;
Goldman-Rakic, 1988).
Associations between spatial and non-spatial attention in neglect
In neglect literature, a distinction is often made between spatial and non-spatial attention.
A generally accepted idea appears to be that neglect is in fact a disorder in spatial
attention, but that it is also associated with disturbances in non-spatial attentional
processes like arousal and sustained attention. Non-spatial attentional deficits have been
found to modulate and aggravate spatially lateralized neglect phenomena (Robertson,
1989, 2001; Robertson et al., 1997, 1998; Manly, 2002). As Husain and Rorden (2003)
point out, attentional deficits can occur in stroke patients independently of neglect, but
when combined with a lateralized bias, these deficits may exacerbate the severity of
neglect and reduce the potential for recovery from neglect.
Attentional control and dual task performance
It has been found that the severity of neglect symptoms can be related to task complexity
(Pillon, 1981) and to the demands that are made on visual selective attention processes
(Rapcsak et al., 1989). Also, a worsening of performance has been found in computerized
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dual tasks as compared to single conditions (Deouell et al., 2005; Bonato et al.,
2010/2012). Thus, an increase of attentional load may lead to an aggravation of neglect
symptoms. Robertson and Manly (2004) suggest that it is possible to detect the presence
of well-compensated or even “recovered” neglect by increasing attentional load.
Bartolomeo and Chokron (2002) indicate that neglect patients could compensate for their
deficit by the use of endogenous attentional processes. The ability to successfully
compensate for neglect symptoms might then depend on the patients’ capacities to gain
attentional control over their scanning behaviour and be reflected in their ability to
perform dual tasks.
Spatial attention, posture and mobility
Some authors have suggested that in neglect, the representation of the subjective sagittal
midline of the body, which is reflected in the subjective straight ahead (SSA) might be
shifted or rotated toward the ipsilesional side, thus causing neglect symptoms (Ventre et
al., 1984; Karnath, 1994; Vallar, 1997). The SSA plays an important role in the interaction
of an individual with its environment. Therefore, shifts in the SSA may be expected to
specifically affect mobility. Indeed, it is often observed that neglect patients tend to veer
to the contralesional side and bump into obstacles and door frames on this side. In neglect
patients, the shifted SSA might occur together with a contralesional tilt of the
representation of the subjective vertical (SV), which is associated with diminished balance
after stroke (Rousseaux et al., 2013).
Rehabilitation of neglect
Various rehabilitation methods for neglect have been developed in the last decades. For
instance, techniques aimed at increasing general attention or alertness or realignment of
the egocentric coordinate system have been used. In visual scanning training, patients are
taught to compensate for their neglect by means of increasing leftward scanning
behaviour. It could be argued that visual scanning training both calls upon endogenous
attention mechanisms and is aimed at improving these mechanisms to exert control over
spatial attention and scanning behaviour. As is the case for most rehabilitation techniques
for neglect developed until now, large variations in the outcome of visual scanning
training have been observed.
Outline of this thesis and research questions
This thesis will address three main topics of the pivotal ideas about neglect as outlined
above. Accordingly, it is divided in three main parts, each consisting of two chapters.
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Part I. Spatial asymmetries, non-lateralized attention and their association
In chapter 2, spatial asymmetries and non-lateralized attention are investigated in 21 left
and 24 right hemisphere patients and in 20 healthy subjects. Paper-and-pencil
cancellation tasks as well as a computerized single detection task (CVRT) are used. The
following questions are asked:
How many left (LH) and RH stroke patients show neglect symptoms on paper-andpencil neglect tests? Does the use of an asymmetry score add to the sensitivity of the
paper-and-pencil neglect tests that are administered?
Does a computerized single detection task (CVRT) show differences between LH, RH
patients and healthy controls in terms of omissions and reaction times (RTs)? Are
patients’ scores on paper-and-pencil neglect tests related to their performances on
the computerized task? Does the use of RT tasks and asymmetry scores add to the
sensitivity of the computerized task?
How are ipsilesional RTs and RT asymmetries related to neglect symptoms found in
paper-and-pencil tasks and what does this tell us about non-lateralized attention and
spatial asymmetries in neglect?
In chapter 3, the performances on the CVRT are compared with those on a dual task
(CVRT-D), combining the detection task with a driving simulation task in the mentioned
groups. Thus, the influence of increasing attentional load on neglect symptoms is
explored. The main research questions of this chapter are:
What are the consequences of (adding) a dual task (driving simulation) on omissions,
RTs and RT asymmetries? Do the effects of adding a dual task differ between groups?
Is there a relationship between the increase in ipsilesional RTs and the increase in RT
asymmetries from single to dual task and what does this imply for non-lateralized
attention and spatial asymmetries after stroke?
Can RT asymmetries be revealed in the dual task in patients who perform normally
(without obvious signs of neglect) in the single task, thus leading to the detection of
well-compensated or “recovered” neglect?
Part II. Neglect symptomatology and daily functioning
The relationship between neglect and daily functioning in terms of posture and mobility
are explored in the second part of this thesis. In chapter 4, the longitudinal association
between visuospatial hemineglect and postural imbalance is investigated in 53 postacute
stroke patients, who are examined within two weeks after admission to rehabilitation and
again after 6 and 12 weeks. The following questions are addressed:
Is visuospatial hemineglect associated with defective standing and walking balance?
Is the relationship between neglect and imbalance confounded by other
determinants, like older age, severity of paresis, sensory deficits and hypertonia?
ϭϮ

Chapter 5 describes lane tracking performance of 43 subacute RH and LH stroke patients
in relation to their scores on various measures for neglect and daily functioning. The
following main research questions are investigated in this chapter:
are deviations in lateral position scores and oscillating movements during simulated
lane tracking associated with neglect symptoms, disturbed balance and daily
functioning? Do performances on these measures differ between the two groups?
To what extent are the results indicative of a shift in the representation of the
sagittal midline and subjective vertical within either of the patient groups?
Part III. Rehabilitation of neglect
In Chapter 6, some of the most widely used and promising methods in the rehabilitation of
neglect are reviewed, namely non-invasive brain stimulation, pharmacological therapies,
prism adaptation and virtual reality. In this chapter, the following issues are addressed:
What is the degree of effectiveness of these methods?
Which kind of evidence is available to support the therapeutic claims of these new
approaches?
Chapter 7 is aimed at answering the following question:
Is it possible to improve a well-known training method for visual scanning training
(i.e. TSVS; Pizzamiglio et al., 1990/1992) by adding a virtual reality dual task (CVRTTR) to the standardized training procedure?
Twenty-nine subacute right hemisphere stroke patients were semi-randomly assigned to a
control (N =15; standard training) or an experimental group (N =14; standard training
combined with dual task training). Both groups received 30 training sessions during 6
weeks. Performances on various paper-and-pencil tasks, observation scales and
computerized tasks were compared between groups.
Finally, chapter 8 is dedicated to a general discussion of the reported studies. Some
methodological issues are addressed and suggestions for further research as well as
recommendations for the improvement of neglect rehabilitation are made.
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Part I. Spatial asymmetries, non-lateralized attention
and their association
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Chapter 2
Visuospatial asymmetry and non-spatial attention in subacute stroke
patients with and without neglect
M.E. van Kessel, I.J.W. van Nes, W.H. Brouwer, A.C.H. Geurts and L. Fasotti
Cortex 46 (2010), 602-612

Abstract
Asymmetry in performance and an association with non-lateralized attention are often
mentioned as two important aspects of the clinical manifestation of visuospatial neglect.
Both these aspects were investigated in 21 left (LH) and 24 right hemisphere (RH) stroke
patients and in 20 healthy subjects. The letter and star cancellation subtests of the
Behavioural Inattention Task (BIT) and a computerized visual reaction time task (CVRT)
with stimuli presented either left, central or right in extrapersonal space were
administered. In LH patients, the calculation of BIT asymmetry scores allowed a better
distinction between patients with and without neglect than raw omission scores.
However, in RH patients, raw and asymmetry scores led to similar classifications. In the
CVRT, raw and asymmetry scores for the number of omissions also produced identical
classifications. Thus, the computation of asymmetry scores for omissions did not
substantially refine the diagnosis of neglect. On the other hand, more patients were
classified as neglect patients by using CVRT reaction time (RT) asymmetry scores than by
using BIT or CVRT omission scores. Ipsilesional RTs were chosen as a measure of general,
non-lateralized attention. The ipsilesional RTs of the LH and RH patients did not differ
from the healthy subjects’ lateral RTs. However, within the RH group, patients with both
defective RT asymmetries and BIT scores above showed longer ipsilesional RTs than
patients with defective RT asymmetries but normal BIT scores. This supports the idea of an
interaction between lateralized and non-lateralized attentional components in neglect, in
which the presence of general attentional deficits exacerbates the severity of neglect
symptoms. RT tasks may contribute to the detection of asymmetries in visuospatial
attention in patients with subclinical neglect symptoms, who might compensate for their
lateralized deficit in paper-and-pencil tasks employing intact general attention.

ϮϬ

Introduction
Visuospatial neglect refers to a clinical syndrome (Vallar, 1998; Vallar et al., 2003) in which
spatial attention is impaired. It occurs more frequently after right hemisphere (RH) stroke
than after left hemisphere (LH) stroke, but an exact rate of occurrence has been hard to
derive: in different studies, reported frequency rates range from 13 to 82 percent in RH
patients and from 0 to 76 percent in LH patients. The moment and method of assessment
turn out to play an important role in this variability (see Bowen et al., 1999 for a review).
A common definition of visuospatial neglect is: ‘a disorder whereby a patient fails to
explore the half-space contralateral to the cerebral lesion’ (Heilman et al., 1993). The
asymmetry in performance levels on the contralesional as compared to the ipsilesional
side is indeed the most central and distinctive feature in the clinical manifestation of
neglect. Even the untrained observer can notice the left-sided difficulties of RH stroke
patients with neglect in everyday tasks such as dressing, eating, reading or writing. Given
this definition, one would expect that the degree of asymmetry in responses to stimuli on
the left and the right side is somehow taken into account in the assessment of this
disorder. This is often done for clinical purposes and for instance in a study by Azouvi et al.
(2002), who report not only the number of omissions, but also the difference between left
sided and right sided omissions on different tasks including the Bells Test (Gauthier et al.,
1989). It has also been suggested that the location of the first item which was identified in
cancellation tasks could indicate the exploration strategy used by the patient (Gainotti et
al., 1991; Bartolomeo et al., 1994; Azouvi et al., 2002). However, in many of the standard
paper-and-pencil tests employed to assess neglect the most specific characteristic of
neglect, i.e., the presence and degree of asymmetry in task performance, is not
considered. An important example is the Behavioural Inattention Test (BIT; Wilson et al.,
1987), a widely used test battery for neglect. In the test manual, only the total number of
errors is considered. As a result, scores may be confounded by general attentional deficits
or other cognitive disorders that are common in stroke patients.
Besides asymmetry in performance, another clinically evident feature of visual
neglect is that symptoms in neglect patients do not have an all-or-nothing character.
According to Anderson et al. (2000), neglect does not reflect an irreparably damaged
cognitive system, but rather an inability to consistently detect and respond to stimuli.
These authors suggest that neglect patients may not ignore all contralesional stimuli, but
detect some, whilst their neglect is mainly reflected in a slowing of their responses.
According to Bartolomeo and Chokron (2002), in RH neglect patients, exogenous attention
for the contralesional side is impaired, whereas endogenous attentional processes appear
to be relatively preserved, although slowed. This idea fits well within the clinical picture of
neglect: patients do not explore left space automatically, but can be instructed to do so on
a conscious level (Posner et al., 1984; Goldman-Rakic, 1988). Therefore, it may be
Ϯϭ
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expected that in some instances, patients are able to compensate for their neglect by
means of employing endogenous attention and conscious exploration of contralesional
space. This might result in fewer omissions, but possibly also in a slowing of their
contralesional responses.
To investigate the varying degree of responsiveness in neglect patients, other
measures than the traditional ones are needed. As Schendel and Robertson (2002) point
out, unlimited exposure time of the stimuli allows patients to enhance their primary
performance level by checking, so that the severity of neglect becomes difficult to
quantify and tests lose sensitivity. However, since the use of time-limited tasks would
probably produce false-positive (biases in) omissions relating to speed of performance
rather than neglect, most cancellation tasks are still open-ended. Thus, when paper-andpencil detection tests are used, conclusions about the results of the cognitive processes of
visuospatial scanning and attention in neglect can only be drawn in terms of the presence
or absence of responses. Schendel and Robertson (2002) as well as Deouell et al. (2005)
suggest that in studying neglect, reaction time (RT) data could yield important information
about the status of visuospatial attention in this disorder.
In the present study, performance on the star- and letter cancellation subtests of the
BIT (Wilson et al., 1987) is analyzed in patients with a subacute supratentorial LH or RH
stroke. Regular scores (in which the degree of asymmetric performance is not taken into
account) are compared with newly computed asymmetry scores. In addition, a similar
comparison between raw omission scores and asymmetry scores will be made in a
computerized visual reaction time task (CVRT). It is expected that computing the degree of
asymmetric test performance might increase the sensitivity in detecting lateralized
attentional bias. The CVRT is also used to investigate RT patterns. Given the
abovementioned varying degree of responsiveness in neglect and a possible slowing of
responses resulting from endogenous compensation, it is expected that in patients who
do not show defective omission scores, asymmetries in ipsilesional versus contralesional
RTs still might reveal the presence of attentional biases. Thus, RT data could further
enhance the sensitivity of asymmetry scores.
Finally, it is generally accepted that impaired general, nonspatial attentional deficits
modulate spatially lateralized neglect phenomena and may even aggravate them
(Robertson, 1989, 2001; Robertson et al., 1997, 1998; Manly, 2002; Husain and Rorden,
2003). As Husain and Rorden (2003) point out, attentional deficits can occur in stroke
patients independently of neglect, but when combined with a lateralized bias, these
deficits may exacerbate the severity of neglect and reduce the potential for recovery from
neglect. Robertson (2001) suggests that the general attentional deficits in unilateral
neglect may be relatively low-level arousal deficits. These might be deficits in the third and
last major function of attention in the Posner and Petersen (1990) attentional taxonomy:
the function of self-maintaining a vigilant or alert and ready-to-respond state. In different
ϮϮ

studies, this function has been referred to as ‘sustained attention’, ‘arousal’ or ‘alertness’.
Hjaltason et al. (1996) showed that patients who had abnormal omission scores on an
auditory sustained attention task, also performed poorly on two visuospatial neglect tasks.
In another study (Robertson et al., 1997), a strong correlation between abnormal scores
on an auditory sustained attention task and various visuospatial neglect tasks was
demonstrated, together with significant group differences in sustained attention between
patients with and without neglect on visuospatial tasks. The authors suggest that nonlateralized attention deficits could predict and have a modulatory relationship with
lateralized deficits in neglect.
Also, the recovery from general attentional deficits appears to be associated with a
reduction of neglect symptoms. In a study using an auditory RT task (Samuelsson et al.,
1998), it was demonstrated that patients with neglect symptoms on conventional neglect
tests showed significantly increased RTs at the postacute stage, compared to patients
without neglect and healthy controls. Furthermore, patients with remaining neglect
symptoms still showed increased RTs at a follow-up measurement 6 or 7 months after
stroke, whereas patients who showed significant improvements in their RTs also had
normal scores on the neglect tasks at follow-up. The authors suggest that deficits of
general attention play an important role in persistent neglect. Robertson et al. (1995)
showed an improvement of neglect symptoms following a verbal self-alerting procedure
and, in a following study (1998), a correction of the slowed awareness of left compared to
right visual stimuli in RH neglect patients as a result of phasic alerting. Rehabilitation
methods such as ‘sustained attention training’ (Robertson et al., 1995) or the use of
medication to increase arousal (see Luauté et al., 2006; Malhotra et al., 2006 for reviews
of current rehabilitation methods in neglect) are aimed at modulating spatial bias by
addressing general attention.
In the present study, general non-spatial attentional processes will be investigated by
means of ipsilesional visual RTs on the CVRT, assuming that at the ipsilesional position,
interference between spatial and non-spatial attentional problems is minimal. As the basic
attentional processes of arousal and selective attention are often associated with the RH
(Heilman and Van Den Abell, 1980; Mesulam, 1981), it may be expected that RH patients
show slower ipsilesional RTs than LH patients, although both patient groups might be
slower than healthy controls, as found in a RT study by Kaizer et al. (1988). The interaction
of general, non-spatial attentional processes with neglect symptoms will be investigated
by studying the relation between ipsilesional RTs and RT asymmetries in the RH neglect
patients. It is expected that the degree of asymmetry in performance is associated with
the presence of general attentional deficits.
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Method
Participants
Three subject groups were examined: 20 healthy subjects, 21 patients with a LH stroke
and 24 patients with a RH stroke. In Table 1, medical and demographic data of the
subjects are presented. The healthy subjects were recruited by publishing an
advertisement in a local paper, in which healthy elderly were invited to participate. For
the patient groups, all patients with a first intracerebral infarction or hemorrhage
admitted to the Sint Maartenskliniek rehabilitation centre in the period from June 2003
until February 2005 were eligible. Patients with severe concomitant behavioural or
psychiatric problems were excluded. Furthermore, no patients with severe aphasia were
included. Although some language problems may have been present in the selected
patient group, it was observed that by offering repeated instruction and demonstration,
all patients included were able to perform the tests. Patients with visual field deficits like
hemianopia and quadrantanopia as detected by means of Donders’ confrontation method
were excluded. All patients were examined within nine weeks post-stroke. One of the LH
patients was left-handed, all other patients were right-handed. Research was completed
in accordance with the Declaration of Helsinki. All subjects gave their informed consent to
participation in this study.
Administered tasks
Two kinds of tasks were administered to all the patients: the Behavioural Inattention Test
(BIT; Wilson et al., 1987) and the CVRT. To the healthy controls, only the CVRT was
administered.
BIT
The conventional subtests of the BIT (i.e., line crossing, letter cancellation, star
cancellation, figure and shape copying, line bisection and representational drawing; see
for further details Wilson et al., 1987) were administered to all patients. No time limits
were imposed on the patients for completing each of the subtests. Only the letter and star
cancellation data were used to compare raw and asymmetry scores. As Halligan et al.
(1990) point out, letter cancellation and star cancellation are the most sensitive subtests
of the BIT and the combination of these two subtests can provide a short neglect
screening that can be easily applied in clinical practice. Furthermore, besides the line
cancellation subtest (which however often shows ceiling effects), none of the other
subtests of the BIT are suitable for the computation of an exact asymmetry index.
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Table 1. Medical and demographical data of the three subject groups
LH patients
RH patients
(N=21)
Mean age (range)
Men / women
Days post-onset (range)
1
Motricity index (range)
Lesion Location

(N=24)

Healthy
controls
(N=20)

59.8 (34-80)
11 / 10
35.3 (15-48)
50.1 (0-83)
LH Ischemia (N=16):
6 medial cerebral
artery area
3 capsula interna
2 parieto-occipital
1 subcortical, not
specified
1 multiple lacunar
infarction
1 temporo-parietal
1 fronto-temporal
1 temporo-parietooccipital

61.2 (38-72) 60.4 (38-81)
15 / 9
5 / 15
36.8 (20-62)
45.9 (0-77)
RH Ischemia (N=17):
11 medial cerebral
artery area
1 basal ganglia
1 fronto-temporal +
medial cerebral artery
area
1 capsula interna
1 paraventricular
1 fronto-parietal

LH Hemorrhage (N=5):
2 parietal
1 temporo-parietal
1 fronto-temporal
1 thalamical

RH Hemorrhage (N=7):
3 basal ganglia
3 medial cerebral artery
area
1 temporal/subcortical

1

Motricity Index (Collin & Wade, 1990; Demeurisse et al., 1980) scores are given for the contralesional lower
extremity. Scores of 27 and below on this 99-point rating scale indicate a severe hemiparesis/hemiparalysis.

CVRT
The CVRT was administered in the two patient groups and in the healthy controls. This
task was an adaptation of a driving simulator test in which attention had to be divided
between dynamic lane tracking and a continuous RT task. This simulator test had been
used before in assessing attention and executive functions in ageing and after traumatic
brain injury (Ponds et al., 1988; Brouwer et al., 1989; Schmidt et al., 1996; Veltman et al.,
1996). The original task by Brouwer et al. (1989), in which subjects had to count dots in
different patterns, was simplified for use with neglect patients. Also the stimuli were
enlarged and presented at a greater distance (extrapersonal space) by using a projection
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screen instead of a computer monitor. In the present study, only one of the five CVRT
subtests (i.e., a simple RT task) is described.
CVRT apparatus
To perform the CVRT, subjects were seated in their wheelchair or in a regular chair in front
of a 2.13m high * 3.18m wide rear projection screen, the centre of which was at a distance
of 90 cm from their eyes. This short distance to the screen was used to create a horizontal
visual angle of approximately 110˚. A video projector, positioned behind the screen, was
used to project the road background and the discrete stimuli on the screen. In front of the
subject, a steering wheel (Trust formula 1 race master) was fixed on a little table. This
steering wheel was equipped on either side with two push buttons, which could be
pushed using the thumb (only the upper buttons were used in the present study). A
straight and flat road was depicted on the projection screen as viewed from the position
of the driver. During the task, the road was ‘moving’ in an automatic pilot mode,
simulating driving straight ahead. Thus, in the subtest that is described in the present
study, manipulating the steering wheel had no consequences for the driving position on
the screen. A white wooden board (240 * 40 cm) was laid horizontally on the table,
between the steering wheel and the screen, to prevent subjects from using the edges of
the table as a spatial reference in the steering conditions (see also Figure 1 for an
illustration of the experimental set-up). A MS-DOS PC was used to generate the stimuli
and to record the responses.
CVRT procedure
Rectangular patterns of square dots (±50 * 15 cm) were projected successively at three
positions just above the ‘horizon’ on the screen, with the centre of the stimuli at a vertical
position of approximately 10˚ below the level of the eyes and a horizontal visual angle of
approximately 105˚ between the left side of the left stimuli and the right side of the right
stimuli (see Figure 2). In total, 36 of these patterns were projected: 12 on the left, 12 on
the middle, and 12 on the right position in random order. Before the assessment trial, six
stimuli were presented in a practice trial, consisting of two stimuli at each position in a
random order. Subjects had to press a button on the steering wheel as fast as possible
when detecting a rectangle. Patients used the upper button on the ipsilesional side with
their ipsilesional (non-paretic) hand; healthy subjects used the upper right button with
their right hand. Subjects were not instructed to fixate at a particular position on the
screen during the task. The task was self-paced: stimuli disappeared directly after the
subjects’ response or (in the case of an omission) after a maximum presentation time of
6000 msec.

Ϯϲ

Figure 1. Experimental set-up
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Between the disappearance of one stimulus and the presentation of the next one, three
different inter stimulus intervals (ISI’s) were used (800, 1000, 1200 msec). These were
quasi-randomly balanced across the three target locations, so that at each location, all
three ISI’s occurred four times. The first stimulus appeared 2000 msec after the start of
the task. The total duration of the CVRT task (including instructions) was about 5 min,
depending on the patients’ working pace.
Data analysis
For both the BIT and the CVRT, raw scores as well as asymmetry scores were computed.
To determine cut-off levels that would be indicative of neglect, the data of healthy
subjects were used. For the BIT, cut-off scores were chosen based on a ‘worst case
scenario’ interpretation of existing normative data. CVRT cut-off levels were obtained
from data from the most biased of the healthy controls in the current study.

Ϯϳ

Figure 2. Stimulus as presented on the screen (middle) and other possible
stimulus locations (left, right)

BIT
In case of the BIT subtests, norm data for raw scores were available from the test manual
(Wilson et al., 1987). Cut-off scores (i.e., the lowest score that occurred in healthy subjects
minus one) are defined for the total of the six subtests (cut-off 129) and for all subtests
separately. In this study, the data of the letter and star cancellation subtests were used.
The cut-off scores of these two subtests are 33/40 stimuli for the letter cancellation
subtest and 52/54 stimuli for the star cancellation subtest. Thus, the maximum score for
both subtests together is 94 and the cut-off score was set at (33 + 52 =) 85.
For the computation of asymmetry scores, the following formula was used:
ipsilesional score - contralesional score
ipsilesional score + contralesional score

× 100%

Using the abovementioned BIT norm data (cut-off scores: 33/40 and 52/54, respectively),
the highest asymmetry score that still should be considered ‘normal’ was calculated by

Ϯϴ

filling in the formula, based on the hypothetical healthy case in which an optimal (i.e.,
errorless) performance occurred on one side and all omissions were made on the other
side. This results in 20 ‘ipsilesional’ versus 13 ‘contralesional’ detections in the letter
cancellation and 27 ‘ipsilesional’ versus 25 ‘contralesional’ detections in the star
cancellation task (for the statistical analysis, absolute values were computed from the
asymmetry scores, so that the exact side would not be very important in this example).
Thus, the highest BIT asymmetry score that should be considered ‘normal’ would be:
(20 + 27) – (13+ 25)
(20 + 27) + (13+25)

× 100% = 10.6%

BIT asymmetry indexes higher than 10.6% were interpreted as indicating the presence of
neglect.
CVRT
For the CVRT, the number of omissions (i.e., stimuli that were not detected) as well as
mean RTs (msec) were recorded for each position (left, middle, right). Cut-off scores were
based on the performance levels in the healthy subjects group. In the healthy subjects, no
omissions occurred in the CVRT. Nevertheless, in patients, it was reasoned that one
omission could occur by chance. Therefore, a cut-off level of two or more omissions was
chosen. Time-on-task effects were controlled for by comparing the number of omissions in
the first and second half of the task.
In the computation of the mean RT scores, omissions (see Results) and responses faster
than 150 msec were dropped. Thus, only valid RTs were used. Early responses occurred in
six LH patients (17 early responses in total) and in two RH patients (both one early
response). No cut-off level for mean RTs was defined. Asymmetry scores for CVRT
omissions and RTs were computed using the same formula that was used for the BIT,
based only on the number or left and right omissions. Thus, omissions on the central
target were excluded.
Asymmetry indexes for omissions were only calculated for patients who made two or
more omissions. Regarding the spatial distribution of the omissions, any sign of
asymmetric test performance was considered indicative for neglect. Thus, for the
omissions, all asymmetry indexes greater than zero were considered above cut-off. The
maximum asymmetry in right and left RTs that occurred in the healthy subjects was
21.4%. Thus, this score was set as the RT asymmetry cut-off score.
After computing BIT and CVRT asymmetry scores, these scores were converted into
absolute (positive) values. This was necessary to compare the RT scores of both patient
groups to those of the healthy subjects. For reasons of homogeneity, also for the BIT and
CVRT omissions, absolute values were computed.
Ϯϵ
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Results
BIT
In Table 2, mean raw scores as well as mean asymmetry scores (absolute values) on the
BIT letter and star cancellation subtests are displayed for both patient groups.
Furthermore, for both the raw and the asymmetry scores, the number of patients that
respectively scored below and above cut-off level is displayed.
Table 2. BIT letter + star cancellation: raw and asymmetry scores for both patient groups
Raw scores
Asymmetry scores
Max. = 94
Max. = 100 %
Cut-off ≤ 85
Cut-off > 10.6 %
LH (N=21)
RH (N=24)
LH (N=21)
RH (N=24)
Mean
87.33
77.70
3.09
18.40
(SD)
(9.50)
(22.32)
(6.22)
(30.90)
N of patients
below / above cut-off
4
8
1
8
Overall, RH patients had lower raw BIT letter and star cancellation sum scores than LH
patients. However, when tested using a one-way analysis of variance (ANOVA), this
difference was not significant (F(1,44) = 3.36, p = ns). According to the summed letter and
star subtest cut-off scores (i.e., ≤ 85 indicates neglect), four patients in the LH group and
eight patients in the RH group could be classified as neglect patients. These patients were
exactly the same patients who had total BIT scores within the ‘neglect’ range, i.e., a score
of ≤129 on all six subtests together.
Most BIT asymmetries were in the expected direction. That is, LH patients made
more omissions at the right side, whereas RH patients made more left omissions. The
absolute BIT asymmetry scores, computed from the letter cancellation and star
cancellation subtests did (in contrast with the raw scores) show significant differences
between RH and LH patients (F(1,44) = 4.97, p < .05). Using the cut-off score of 10.6, the
same eight RH patients with raw omission scores in the neglect range were again classified
as neglect patients based on the asymmetry scores. However, only one of the four LH
patients with defective omission scores still fell into the neglect range using asymmetry
scores. Thus, compared with the classifications based on raw scores, three LH patients
were no longer classified as neglect patients. These LH subjects made 14/40, 21/40 and
31/40 omissions in the letter-cancellation task, but only 2/54, 1/54 and 0/54 omissions in
the star cancellation task, respectively. It is unclear how this considerable difference in
lateralized omissions between letter and star cancellation could be explained. It might
result from subtle verbal information processing rather than visuospatial difficulties in the
ϯϬ

LH patients, or reflect other differences in the cognitive resources that are called upon in
the two subtests.
CVRT omissions
The patterns of left, middle and right omissions for the three subject groups are displayed
in Figure 3. Visual inspection reveals that RH patients made most of their omissions on the
left side, whereas LH patients mostly made omissions on the right side.
Figure 3. Mean number of CVRT omissions at each position for the three groups

In Table 3, the mean number of omissions in the CVRT and the mean absolute CVRT
omission asymmetry scores for both patient groups are displayed. The healthy subjects’
scores are not represented, as no omissions occurred in this group. Ten patients missed
two or more stimuli, of whom eight were RH patients. No significant time-on-task effects,
i.e., differences between the number of omissions in the first and second half of the task,
were found in either patient group. All RH patients who made two or more omissions had
asymmetry scores of 100%. Of the two LH patients with two or more omissions, one made
three omissions on the right and none on the left side and thus had a maximum
asymmetry score. The other LH patient made four omissions on the right and one on the
ϯϭ
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left, and thus had an asymmetry score of 60%. In general, all patients who had two or
more omissions on the CVRT, also had abnormal ( > 0) asymmetry scores. For this reason,
the number of patients who scored above cut-off was the same for raw and asymmetry
scores.
A one-way ANOVA for both patient groups and the healthy subjects showed a significant
group effect (F(2,64) = 4.74, p < .05) for the total number of omissions (L + R). Post-hoc
tests (Bonferroni) revealed a significant difference between the healthy subjects and the
RH patients (p < .05). Also, for the asymmetry in omissions, a significant group effect
occurred (F(2,64)= 6.47, p < .01). Post-hoc tests showed significant differences between
the healthy subjects and the RH patients (p < .01) and between the LH and RH patients
(p < .05).
Table 3. CVRT omissions: raw and asymmetry scores for both patient groups
Raw scores
Asymmetry scores
Max. = 24
Max. = 100 %
Cut-off > 1
Cut-off > 0 %
LH (N=21)
RH (N=24)
LH (N=21)
RH (N=24)
Mean
.52
2.21
7.62
33.33
(SD)
(1.66)
(3.82)
(24.88)
(48.15)
N of patients above cut-off
2
8
2
8

CVRT reaction times
The patterns of left, middle and right RTs for the three subject groups are displayed in
Figure 4. As can be seen, both patient groups showed a contralesional slowing of RTs. RTs
of the three subject groups at each horizontal position were compared using a
multivariate analysis of variance (MANOVA).
At the left side, there was a significant group effect, (F(2,64) = 9.10, p < .001), with
significant post-hoc (Bonferroni) differences between the RH patients and the healthy
subjects (p = .001) as well as between both patient groups (p < .005). RTs at the middle
position showed also a significant group effect (F(2,64) = 6.32, p < .005). Post-hoc test
showed that RH patients were significantly slower than healthy subjects (p < .005). Also at
the right position, there was a significant group effect (F(2,64) = 3.94, p < .05), that
resulted from a significant (p < .05) difference between the LH patients and the healthy
subjects. Notice that the patients’ ipsilesional RTs, that were considered a measure of
general attention, did not differ significantly from the healthy subjects’ RTs at the
matching positions.
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Figure 4. Mean CVRT reaction times at each position for the three groups
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For the patient groups, a GLM repeated measures analysis was performed with Group (RH,
LH) as a between subjects factor and Side (ipsilesional, middle, contralesional) as a within
subjects factor. As for healthy subjects no ‘ipsilesional’ and ‘contralesional’ side could be
defined, they were not included in this analysis. Group and Side effects were both
significant (F(1,43) = 4.53, p < .05 and F(2,42) = 10.63, p < .001, respectively). Within
subjects contrasts showed a highly significant difference between the contralesional and
the middle position (p < .001) as well as between the contralesional and ipsilesional
position (p < .005), but not between the middle and ipsilesional position. The Side * Group
interaction was not significant, although a trend toward significance was present
(p = .055).
A MANOVA for ipsilesional, middle and contralesional RTs in both patient groups
showed a significant difference between the RH and LH patients’ contralesional RTs
(F(1,44) = 5.38, p < .05). Middle and ipsilesional RTs did not differ between both groups.
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In Table 4, the absolute CVRT asymmetry scores for the RTs are displayed. As can also be
seen in Fig. 4, the amount of asymmetry between left and right RTs in both patient groups
was greater than in the healthy subjects. The amount of asymmetry was most pronounced
in the RH group. Twelve patients (1 LH, 11 RH) showed RT asymmetries above cut-off.
Nine (1 LH, 8 RH) of these patients were the same patients who also had CVRT omission
scores above cut-off. One LH patient showed a defective omission score but a normal RT
asymmetry score. Three RH patients showed the reverse pattern and made no omissions,
but had abnormal RT asymmetry scores. Different classification outcomes are further
discussed below.
The absolute RT asymmetry scores were compared for the three groups using a oneway ANOVA, which showed highly significant group effects, (F(2,64) = 14.12, p < .001).
Post-hoc tests showed significant differences between RH patients and healthy subjects (p
< .001) as well as between RH and LH patients (p < .001).
Table 4. CVRT RTs: asymmetry data
Asymmetry scores
Max. = 100 %
Cut-off > 21.4%

Mean
(SD)
N of patients above cut-off

LH (N=21)
8.77
(10.08)
1

RH (N=24)
28.65
(23.45)
11

Healthy (N=20)
5.98
(5.02)

BIT and CVRT RT neglect classifications
Using the various BIT and CVRT cut-off scores that were presented above, patients can be
differently classified into ‘neglect’ or ‘non-neglect’ categories. The concordance between
classifications based on the BIT scores on the one hand and the CVRT RT asymmetry
scores on the other is graphically represented in Figure 5. On the x-axis of this figure, BIT
asymmetry scores are displayed. The cut-off score of 10.6% is marked with a vertical line.
CVRT asymmetry scores for the RTs are displayed on the y-axis. The horizontal line
indicates the cut-off score of 21.4%.
Visual inspection reveals that seven patients are classified as neglect patients using the
criteria of both BIT and CVRT. However, in seven other cases, classifications by means of
both tasks do not correspond. Test performance of the patients who were differently
classified according to the BIT and CVRT asymmetries in RTs (i.e., patients in the upper left
and lower right quadrant in Fig. 5) is discussed in further detail below.
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Figure 5. Patient classifications based on BIT asymmetries and CVRT RT asymmetry scores
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Patients T, G, K: Whereas these patients did not show defective BIT scores (raw nor
asymmetry scores), they all made contralesional omissions on the CVRT and showed
clearly asymmetrical RTs, which showed a systematic pattern over the stimuli and were
not the result of a few incidentally long RTs. Furthermore, they showed clinical signs of
neglect as observed by their therapists and therefore were later referred for further
neglect screening by their neuropsychologist in a later stage of rehabilitation treatment.
These results suggest the presence of a mild form of neglect.
Patients I, U: These patients showed almost optimal BIT scores and no CVRT
omissions. However, clearly asymmetrical RTs occurred, which showed a systematic
pattern over the stimuli. These results suggest the presence of a spatial attentional bias.
Patient W: This LH patient showed obvious asymmetries in both the letter and star
cancellation subtests of the BIT and also in the number of CVRT omissions (four right, one
left). Furthermore, raw CVRT RT data were clearly asymmetrical (left 1204 – middle 1269 –
right 1600 msec). However, because all RTs were very slow, the asymmetry score did not
reach the cut-off level.
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Patient C: This RH patient showed obvious asymmetries in both the letter and star
cancellation subtests of the BIT. However, CVRT omission and RT asymmetry scores were
in the normal range. This could not be explained by a general slowing of RTs.
Correlation between CVRT RT asymmetry scores and ipsilesional RTs
Pearson correlations between RT asymmetry scores and ipsilesional RTs for the RH and LH
groups taken together nor for both separate groups were significant, although for the RH
group, there was a trend toward significance (r = .386, p = .063).
CVRT RT time patterns in RH patients and healthy subjects
To explore the role of lateralized and non-lateralized attention components in neglect
instead of in RH patients in general, the RH patients were split up in three groups:
N++ patients (N = 7): patients classified as neglect patients by both BIT asymmetry
scores and CVRT RT asymmetry scores (i.e., patients in the upper right quadrant of
Fig. 5)
N+ patients (N = 4): patients that were only classified as neglect patients using the
CVRT RT asymmetry scores, but not using the BIT (i.e., patients in the upper left
quadrant of Fig. 5)
N- patients (N = 12): patients who were not classified as neglect patients using either
one of both measures (lower left quadrant of Fig. 5).
As only one RH patient was classified as a neglect patient using the BIT but not the CVRT
(patient C), this category was not included in the analysis. The RT patterns of the healthy
subjects and the three RH groups are represented in Figure 6. As can be seen, RH patients
who were classified as neglect patients by both the BIT and the CVRT (N++), showed slow
overall and ipsilesional RTs and a clear asymmetry in left versus right RTs, whereas RH
patients who were classified as neglect patients only by the CVRT (N+), had slow RTs on
the left, but not on the right. The RT patterns of N- patients and healthy subjects were
very similar.
Because of the small and different group sizes, the RT patterns of the four groups
were analyzed using non-parametrical tests. Kruskal Wallis Tests for left, middle and right
2
RTs as well as RT asymmetries all showed highly significant group differences (X = 34.18,
30.58, 20.41, 27.25, respectively; p < .001). As no post-hoc tests were available, a number
of separate Kruskal Wallis Tests were performed, each comparing two groups. RT
2
asymmetry scores of the N++ as compared to the N+ group did not differ significantly (X =
2.00, p = ns), but the difference between the RT asymmetry scores of the N+ and the N2
patients was significant (X = 8.47, p < .05). There was no significant difference between
2
RTs of the N++ and the N+ group at the left position (X = 2.29, p = ns).
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Figure 6. Mean CVRT RTs at each position for the three RH subgroups and the healthy
subjects
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However, differences between N++ and N+ patients were significant at the middle (X =
2
7.00, p < .01) and right (X = 4.32, p < .05) position. Finally, Kruskal Wallis Tests showed no
significant difference between the N++ and N+ groups with regard to age, days post onset,
Motricity Index score and number of CVRT omissions.

Discussion
In the present study, two aspects of neglect were evaluated, namely the asymmetry in
ipsilesional as compared to contralesional performance levels and the role of non-spatial
attentional processes. As Halligan et al. (1990) pointed out, the combination of letter and
star cancellation provides a short neglect screening that can be easily applied in clinical
practice. The results of the present study replicate the finding that the letter and star
cancellation subtests correctly predict total BIT scores.
In the LH patients, the computation of asymmetry scores for the letter and star
cancellation BIT subtests resulted in classifications into ‘neglect’ and ‘non-neglect’
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categories that differed from the classifications solely based on raw scores. Three LH
patients did not show asymmetric test performance, even though their raw scores were in
the neglect range. In clinical practice, it may not be common to administer the BIT to LH
patients, unless visuospatial deficits are presumed to be present. In these cases, clinicians
might want to consider the difference between left and right omissions and compare
performance on the different subtests. In the RH patients, no differences in classifications
emerged using either raw or asymmetry scores on the BIT. Thus, the idea that the
computation of asymmetry scores could prevent false-positive neglect diagnoses was not
confirmed in RH patients.
With regard to the omissions on the CVRT, asymmetry scores seemed more sensitive
in discriminating the LH group from the RH group than raw scores. However, this could be
explained by the fact that in all subjects but one, asymmetry scores were either 0 or 100%.
Thus, abnormal performances and differences between groups have been artificially
‘inflated’ by computing asymmetry scores. To classify patients, the computation of
asymmetry scores in the CVRT did not have any additional value as compared to raw total
(L+R) omission scores.
Beside omissions, RTs were recorded in the CVRT task. Asymmetry scores, computed
from RTs at both lateral positions, turned out to be highly sensitive in discriminating the
RH group, which contained most neglect patients, from both the LH group and the healthy
subjects. Like Deouell et al. (2005), we found that by classifying patients using RTs, more
patients fell into the neglect category than by using the BIT. Also, more patients were
classified as neglect patients when asymmetry scores were computed based on RTs
instead of CVRT omissions. This suggests that RT asymmetry scores are more sensitive in
detecting spatial attentional bias.
RTs were not only taken into account to study asymmetrical performance, but also to
draw some conclusions about the status of non-spatial attention in our patients.
Ipsilesional RTs instead of central RTs were chosen as a measure of general, non-spatial
attentional functions, as especially in the RH group, a rightward attentional bias was
expected (Heilman and Valenstein, 1979; Karnath, 1988; d’Erme et al., 1992; Mattingley et
al., 1994). This would cause a slowing of left and central RTs, that could however not be
attributed to general attentional problems. It was assumed that at the ipsilesional
position, interference between spatial and non-spatial attentional problems would be
reduced to a minimum.
Several studies (Heilman and Van Den Abell, 1980; Mesulam, 1981; Posner and
Petersen, 1990) suggest that the RH plays an important role in these general attention
functions. Therefore, it was expected that the RH patients would show generally slower
RTs than the LH patients. This was the case for RTs in the contralesional position, but not
for the middle and ipsilesional RTs. In fact, it even turned out that no differences were
present between ipsilesional RTs in both patient groups and lateral RTs in the healthy
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subjects. The present findings partly correspond to the results of a RT study with 82 stroke
patients and 97 controls by Kaizer et al. (1988). Using stimuli presented on a small
computer monitor, these authors also found that ipsilesional RTs to did not differ
significantly between RH and LH patients. The absence of consistently longer RTs in all RH
patients and the occurrence of rather long ipsilesional RTs in some of the LH patients
suggest that general attentional processes might be not exclusively linked to the RH per
se. Contrary to the results of the present study, Kaizer et al. (1988) observed significantly
higher mean RTs in LH and RH stroke patients than in controls for all fields of presentation
(left, middle, right). This may be explained by the significantly greater group sizes in their
study, as also in the present study, both patient groups did show ipsilesional RTs that were
systematically, but not significantly slower than lateral RTs in healthy controls.
In an attempt to explain the normal ipsilesional RTs in our RH patients, one might
argue that relatively faster ipsilesional RTs in the neglect patients, reflecting
hyperattention to the right side of space (Kinsbourne, 1993; Làdavas et al., 1990), could
have counterbalanced slow RTs in the RH patients without neglect. However, Bartolomeo
and Chokron (1999) argue that although a rightward attentional bias is surely present in
RH patients with left neglect, together with left hypoattention, this rightward bias is still
one of defective attention. In their study with RH neglect patients, they found that not
only left RTs, but also right RTs became progressively slower as the severity of neglect
increased. In the current study, the correlation between RT asymmetry scores and
ipsilesional RTs in RH patients did not reach significance, although it could be expected
that this would have been the case with larger group sizes. Furthermore, it turned out that
patients with defective scores not only on the CVRT but also on the BIT, were the ones
with the longest ipsilesional RTs. Thus, the finding that ipsilesional RTs in RH were similar
to those in LH patients could not be explained by rightward hyperattention.
The main reason for analyzing RT patterns within the RH group was to investigate the
role of non-spatial attentional deficits in neglect. This topic has been reviewed in several
studies. As mentioned in the introduction, according to Robertson et al. (1997), nonlateralized attention deficits could predict and have a modulatory relationship with
lateralized deficits in neglect. Also, Husain and Rorden (2003) point out that deficits in
general attentional functions can occur in stroke patients independently of neglect, but
when combined with a lateralized bias, these deficits may exacerbate the severity of
neglect and reduce the potential for recovery from neglect. Thus, in their
conceptualisation of neglect, these authors seem to distinguish ‘lateralized bias’ from
‘neglect’ and view neglect symptoms as the result of an addition of lateralized bias and
general attention problems. The results of the last part of the present study appear to
support this notion. Here, RT patterns of the healthy subjects and three subgroups of RH
patients were compared, i.e., patients who were classified as neglect patients by both BIT
asymmetry and CVRT RT asymmetry scores (N++), patients who were only classified as
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neglect patients using the CVRT RT asymmetry scores (N+) and RH patients with normal
scores on both tasks (N-). The N++ and the N+ patients showed similar asymmetries in
their lateral RTs. However, the ipsilesional RTs of the N++ patients were significantly
higher than those of the N+ patients. Thus, in concordance with the ideas of Husain and
Rorden (2003), the presence of an ipsilesional slowing of RTs, reflecting general attention
deficits, appear to contribute to the exacerbation of neglect symptoms and the worsening
of test performance in RH patients with a lateralized bias. These results are comparable to
the findings of Robertson et al. (1997), who demonstrated significant group differences on
an auditory sustained attention task between patients with and without neglect on
visuospatial tasks.
As Bartolomeo and Chokron (2002) have claimed, neglect patients might compensate
for their exogenous orienting deficit by means of relatively intact endogenous searching
processes. The current results are consistent with the N+ patients retaining more general
attentional resources. It is possible that, in the BIT subtests, the deployment of these
resources allowed them to compensate successfully for the persistent spatial bias
indicated by the CVRT results.
One could raise the question whether such well-compensated asymmetries should
be called ‘neglect’. In clinical terms, we might speak of the N++ patients as patients with a
‘severe’ neglect and call the symptoms of the N+ group ‘mild’ or even ‘sub-clinical’, since
these were not obvious on the BIT. Nevertheless, for both therapists and clinicians it might
be important to recognize attentional bias in patients who do not show obvious signs of
neglect on paper-and-pencil tasks. Robertson and Frasca (1992) suggested that wellcompensated or recovered neglect might be detected by increasing attentional load, for
instance under dual task conditions (Robertson and Manly, 2004). Thus, patients with
attentional asymmetries but no major general attentional deficits might still show
visuospatial attention problems in contralesional hemispace, especially in attentionally
demanding situations, like participating in busy traffic. Future research will aim at
investigating this subject.
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Chapter 3
Visuospatial asymmetry in dual task performance after subacute stroke
M.E. van Kessel, I.J.W. van Nes, A.C.H. Geurts, W.H. Brouwer and L. Fasotti
Journal of Neuropsychology 7 (2013), 72-90

Abstract
Various authors have referred to an association between neglect and non-spatial
components of attention. It has been suggested that an increase in attentional load could
exacerbate neglect symptoms and reveal subtle, well-compensated neglect. In the present
study, 21 RH and 22 LH subacute stroke patients and 20 controls performed a
computerized single-detection task (CVRT) and a dual task (CVRT-D) combining the
detection task with a driving simulation task. Omissions, reaction times (RTs) and RT
asymmetries were analyzed to investigate the influence of increasing attentional load on
neglect symptoms. RT asymmetries were most pronounced in RH patients. Although a
clear increase in RT asymmetries between CVRT and CVRT-D was observed, the amount of
increase did not differ between both patient groups. Within both patient groups,
correlations between RT asymmetries and ipsilesional RTs as a measure of general
attention were significant in the single task but not in the dual task, indicating that
increased attentional load may result in different degrees of lateralized and general
attentional problems. Half of the patients with neglect on the BIT (Behavioural Inattention
Test) showed increased RT asymmetries from CVRT to CVRT-D. Moreover, two LH and RH
patients without neglect symptoms on the BIT and CVRT showed distinctively increased
asymmetries in the CVRT-D, fostering the idea of an emergence of subtle neglect under
increased attentional load. Dual-task performance may draw attention towards patients
who, without obvious signs of neglect, may show visuospatial attention deficits in complex
situations.

ϰϲ

Introduction
Hemi-inattention or neglect is a common syndrome in stroke patients that presents both
clinical and theoretical challenges. A widespread, observation-based definition of
visuospatial neglect is: ‘a disorder whereby a patient fails to explore the half-space
contralateral to the cerebral lesion’ (Heilman et al., 1993). From a theoretical point of
view, neglect is usually described as a spatial attention deficit (Kerkhoff, 2001). In neglect
literature, a distinction is often made between spatial and non-spatial attention. A
generally accepted idea appears to be that neglect is in fact a disorder in spatial attention,
but that it is also associated with disturbances in non-spatial attention. For instance,
various authors refer to the existence of an association between neglect and disturbances
in several non-spatial components of attention like arousal and sustained or vigilant
attention (Buxbaum et al., 2004; Hjaltason et al., 1996; Manly, 2002; Robertson,
1989/2001; Robertson et al., 1997; Samuelsson et al, 1998) or between neglect and
information-processing capacity (Duncan et al., 1999; Malhotra et al., 2005; Robertson,
1990).
Robertson and Frasca (1992) assume that neglect patients are especially vulnerable
to deteriorating performance in the face of additional attentional load because of the
association between lateralized and non-lateralized attentional problems in neglect.
Indeed, it has been found that the severity of neglect symptoms can be related to task
complexity (Pillon, 1981) and to the demands that are made on visual selective attention
processes (Rapcsak et al., 1989), for example, as a result of the presence of distractors in
cancellation tasks (Parton et al., 2004) or in a computerized task (Deouell et al., 2005) or
the presence of a second task at fixation (Eramudugolla et al., 2010; Schwartz et al., 2005).
For instance, recently, Vuilleumier et al. (2008) investigated attention-related modulation
of early visual processing in neglect patients using fMRI. Their results indicate that
attentional demand at fixation can influence functional responsivity of the right visual
cortex in neglect. These asymmetrical results may explain variations in neglect symptoms
under different task conditions.
The observation of differences in neglect symptoms as a function of task demands
may be relevant in patients with obvious neglect. Moreover, also patients without distinct
neglect symptoms might show spatial attention problems in more complex situations
(Hasegawa et al., 2011; Jehkonen et al., 2012). Robertson and Manly (2004) have
suggested the possibility of a ‘re-emergence’ of recovered or well-compensated neglect
under challenging dual-task conditions. Dual tasks might then be more informative than
single tasks in the assessment of recovery from and rehabilitation of neglect. Furthermore,
they might play a role in the prediction of performance in everyday divided-attention
conditions like driving and work. In a study performed by Robertson and Frasca (1992),
four neglect patients carried out a simple visual RT task with and without the
ϰϳ
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simultaneous performance of a secondary task (counting backward in threes from 100).
The discrepancy between left and right latencies increased significantly in the dual-task
condition for two of the patients. Also, Marshall et al. (1997) had 20 RH and 16 LH chronic
stroke patients with and without neglect, assessed with paper-and-pencil tasks, perform a
computerized visual dual task requiring the detection and tracking of stimuli. They
hypothesized that this task would be more sensitive for detecting the presence of subtle
hemi-inattention than traditional paper-and-pencil tasks. However, they found no
significant differences between the RH and LH patients, although both groups performed
worse than healthy controls. The authors suggest that the external validity of their task
could be improved by using features like a steering wheel. More recently, Russell et
al.(2004) compared performances on a peripheral dot-detection task in which six RBD
patients were instructed to either ignore or discriminate centrally presented shapes.
Patients did not show neglect on paper-and-pencil tasks. However, in the dot-detection
task, less peripheral stimuli were detected under increased attentional demand at
fixation, with a greater worsening of performance on the contralesional side.
Bonato et al.(2010, 2012) used a computer-based paradigm in which the single
reporting of the position(s) of unilateral or bilateral target stimuli was compared with the
performance on two dual-task variants of this task. In the dual tasks, the position
reporting task was combined with either a visual (central letter) or an auditory (spoken
number word) discrimination task. Both dual tasks elicited more contralesional omissions
than the single task in a group of four RH and one LH stroke patients (Bonato et al., 2010),
especially when bilateral target stimuli were presented. As three of these patients showed
normal scores on both the BIT (Behavioural Inattention Test; Wilson et al., 1987) and an
extinction test, the authors suggest that dual-task paradigms could play an important role
in evaluating disorders in spatial awareness. In a second experiment (Bonato et al., 2012),
five RH stroke patients, with and without BIT scores indicative of neglect, performed a
variant of the abovementioned dual-task paradigm. Again, the dual task generally elicited
more contralesional omissions than the single task. The authors suggest that dual-task
paradigms may highlight deficits of contralesional awareness only emerging within a
context of limited attentional resources.
Thus, mounting evidence suggests that the increase in attentional load in a dual task
could exacerbate the severity of asymmetrical performance in neglect patients. Moreover,
it might bring up neglect symptoms in patients without obvious neglect in single tasks. In
the present study, the influence of increasing attentional load on spatial attentional
performance will be further investigated in a larger and unselected sample of RH and LH
stroke patients. To this end, an ecologically valid computerized dual-task paradigm (CVRTD) will be introduced, that is a dual-task variant of a single computerized visual reaction
time task (CVRT) already used in a previous study (Van Kessel et al., 2010). In that study,
patterns of omissions and reaction times (RTs) on the CVRT single task as well as BIT
ϰϴ

performances were investigated in LH and RH stroke patients and healthy controls.
Ipsilesional RTs on the CVRT were used as a measure of general attention. RH patients
with defective performance levels on both the BIT and the CVRT showed ipsilesional RTs
that were significantly slower than in RH patients with asymmetrical CVRT performance,
but normal BIT scores. Levels of CVRT asymmetry were, however, similar in both RH
subgroups. These results suggest that in RH patients with spatial asymmetries, these
problems are not always associated with general attentional problems, but when they are,
this causes neglect symptoms that are so severe that these are easily detected using
paper-and-pencil tasks (Van Kessel et al., 2010). According to Bartolomeo and Chokron
(2002), a basic mechanism in neglect is an impaired exogenous orienting towards leftsided targets, whilst endogenous processes may be slowed, but relatively preserved.
These authors indicate that neglect patients could compensate for their deficit by the
employment of endogenous attentional processes. Based on these ideas, Van Kessel et al.
(2010) suggest that especially those patients with spatial asymmetries, but no general
attentional problems (as shown by ipsilesional slowness), might have been able to
compensate for asymmetric performance by means of endogenous attention
mechanisms, at least in the relatively simple CVRT single task.
In the CVRT-D that is introduced here, the abovementioned CVRT (Van Kessel et al.,
2010) is combined with a simple driving simulation task. These kinds of computerized
simulation tasks and other virtual reality applications are increasingly used in the diagnosis
and rehabilitation of neglect patients (Tsirlin et al., 2009) and of stroke patients in general
(Akinwuntan et al., 2012). In the present study, for patients with RH and LH stroke and
healthy control participants, comparisons will be made between single (CVRT) and dual
task (CVRT-D) omissions, RTs and RT asymmetries, so as to investigate the effects of
increased attentional load. Asymmetrical performances might be reflected predominantly
in RT data that may be considered more sensitive than omission scores. As neglect
symptoms are usually associated with RH damage (Bowen et al., 1999), it might be
expected that especially in RH patients, clear RT asymmetries between ipsilesional and
contralesional stimuli will be observed. Furthermore, based on the abovementioned ideas
of an exacerbation of neglect symptoms in dual tasks, it is hypothesized that increases in
RT asymmetries from single to dual task will be observed that might be more pronounced
in the RH than in the other groups. In patients with asymmetries indicative of neglect in
the single task, these symptoms are expected to further increase in the dual task.
Moreover, preventing patients from compensating for spatial asymmetries by means of
further challenging endogenous attention might reveal symptoms that were first
successfully compensated for. Therefore, it is hypothesized that in the dual task, it should
also be possible to observe RT asymmetries in patients without obvious neglect symptoms
in the single task.
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Method
Participants
Three groups were examined in this study: healthy participants and patients with a LH or
RH stroke. Healthy participants were recruited by advertising in a local paper, in which
healthy elderly were invited to participate. For the patient groups, patients with a first
intracerebral infarction or hemorrhage admitted to the Sint Maartenskliniek rehabilitation
centre after acute hospitalization were eligible. Post-onset times varied from 2 to 9 weeks.
Patients with severe aphasia and visual field deficits as detected by means of Donders’
confrontation method were excluded. A majority of patients in the present study had
already participated in a previous study (Van Kessel et al., 2010). Four patients had to be
excluded. Of one LH patient, no dual-task data could be obtained due to a technical
problem. In two RH patients, the CVRT-D was ended prematurely. Both these patients
showed distinct neglect symptoms on the BIT (total scores of 113 and 31, respectively).
They were unable to perform the tracking and dual task due to severe arousal problems,
leading them to doze off during the tasks, despite repeated verbal stimulation from the
test leader. A third RH patient (BIT score 74) made 11 contralesional omissions in the
single task and omitted all contralesional stimuli in the CVRT-D. Thus, no valid CVRT-D RTs
and RT asymmetries could be computed. The present report will therefore be based on
the performances of 20 healthy participants, 22 patients with a LH stroke and 21 patients
with a RH stroke. No significant differences between groups were present in terms of age,
time post onset, BIT performance or motor impairment. Three LH and five RH patients
showed BIT performances indicative of neglect. Research was completed in accordance
with the Declaration of Helsinki. All participants gave their informed consent to taking part
in this study. In Table 1, medical and demographic data of the participants are presented.
Table 1. Medical and demographical data of the three groups
LH
RH
Healthy
patients
patients
controls
(N=22)
(N=21)
(N=20)
Mean age
59.9
60.2
60.4
(range)
(34-80)
(38-71)
(38-81)
Men / women (N)
12 / 10
13 / 8
5 / 15
Days post-onset
35.1
36.2
(range)
(15-57)
(20-62)
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F(2)= .01, p=ns

F(1)= .17, p=ns

Lesion Location

1

Total BIT score (range)
Total BIT ≤ 129 (N)
2
BIT cancellation scores
(ipsi-/contralesional):
- line (max 18 / 18)
- letter (max 20 / 20)
- star (max 27 / 27)
3
Motricity index (range)

LH
patients
LH Ischemia (N=16):
6 middle cerebral artery area
3 capsula interna
2 parieto-occipital
1 subcortical, not specified
1 multiple lacunar infarctions
1 temporo-parietal
1 fronto-temporal
1 temporo-parieto-occipital

RH
patients
RH Ischemia (N=15):
10 middle cerebral artery area
1 basal ganglia
1 fronto-temporal + middle
cerebral artery area
1 capsula interna
1 paraventricular
1 fronto-parietal

LH Hemorrhage (N=6):
3 middle cerebral artery area
1 temporo-parietal
1 fronto-temporal
1 thalamical
138.4 (105-146)
3*

RH Hemorrhage (N=6):
2 basal ganglia
3 middle cerebral artery area
1 temporal/subcortical

18.00 / 17.86
18.10 / 16.52
25.71 / 22.90
50.1 (0-83)

17.95 / 17.73
18.25 / 17.10
26.36 / 25.86
47.2 (0-77)

1

131.6 (85-146)
5

Behavioural Inattention Test (Wilson et al., 1987). Summed scores on the six conventional subtests
are given. Maximum score is 146, scores below 129 are indicative of neglect. N=20 for the LH
patient group.
2
BIT cancellation tasks: differences between groups were tested for the total number of ipsilesional +
contralesional cancelled items.
*It should be noted that 2 of these LH patients had maximum scores on most subtests, but
considerable amounts of omissions on the letter cancellation subtest.
3
Motricity Index (Collin & Wade, 1990; Demeurisse et al., 1980) scores are given for the contralesional
lower extremity. Scores of 27 and below on this 99-point rating scale indicate a severe
hemiparesis/hemiparalysis.
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Computerized Visual RT Task: single (CVRT) and dual (CVRT-D) task
The task apparatus was described extensively elsewhere (Van Kessel et al., 2010).
Participants were seated in front of a 2.13 * 3.18 m projection screen, thus creating a
visual angle of approximately 110°. On the screen, a driving scene was projected. A
steering wheel was fixed on a table in front of the participant. This steering wheel was
equipped with pushing buttons on the left and right that could easily be controlled using
the thumb, while participants held their hands in a steering position. Three tasks were
examined:
CVRT (Van Kessel et al., 2010): in this single detection task, dot patterns were
projected on three horizontal positions just above the ‘horizon’ (see Figure 1).
Healthy participants were instructed to push the upper right button on the steering
wheel as soon as they detected a dot pattern. Patients used the ipsilesional upper
button. A practice trial of six stimuli was run before the actual task that consisted of
36 stimuli (twelve on each horizontal position in a quasi-randomized order). Three
different inter stimulus intervals (ISIs) were used (800, 1000, 1200 msec), that were
quasi-randomly balanced across the three target locations. Stimuli disappeared
directly after the participants’ response or (in case of an omission) after a maximum
presentation time of 6000 msec. The first stimulus appeared 2000 msec after the
start of the task. Participants were not instructed to fixate a particular position on
the screen.
Lane tracking task: participants were instructed to use the steering wheel to maintain
a starting position in the middle of the right lane of the projected road
(corresponding with the usual driving position in the Netherlands), while their
position was continuously disturbed by a low frequency ‘side wind’ signal, simulating
a lateral movement of the car. During task performance, road position was
continuously recorded and every 15 sec, the average lateral position (AVLP) was
computed. The simulated speed was set at 50 km/h. A 1-min practice trial was
followed by the actual task that lasted two minutes.
In the CVRT-D, both abovementioned tasks were combined to create a dual task.
Participants were instructed to push the same button when detecting a dot pattern
and at the same time maintain their position. They were told to give precedence to
the maintenance of their position over responding to the dot patterns, in case they
might experience difficulties in dividing their attention between tasks. Again, a
practice trial of six stimuli was run before the actual task that consisted of 36 stimuli.
The total duration of the three tasks was about 10–15 min (depending on the individual
working pace of the participants), including instructions and practice trials.

ϱϮ

Figure 1. Upper half: a visual stimulus as presented on the screen (middle) and other
possible stimulus locations (left, right). Lower half: CVRT and CVRT-D tracking
performances of the three groups: mean driving positions with SDs.
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Data analysis
Tracking data
Mean AVLP scores on the CVRT and CVRT-D were computed for each group. For each
participant, eight AVLP scores were recorded during the single task. Depending on the
individual working pace, the number of recorded AVLP scores during the dual task could
vary between 6 and 17.

ϱϯ

Detection data
The following detection data were recorded and/or computed for the CVRT and CVRT-D:
Number of omissions (i.e. stimuli that were not detected within 6000 msec) for each
position (left, middle, right).
RTs (msec) for each position. Omissions and early responses (faster than 150 msec)
were dropped. Early responses in either single or dual task occurred in ten LH
patients (28 early responses in total), three RH patients (six early responses in total)
and seven control participants (nine early responses in total).
Asymmetry in reaction times: for each patient, differences between contralesional
and ipsilesional RTs were computed (left and right RTs for the healthy participants).
Increase in RT asymmetry between CVRT and CVRT-D: the abovementioned
asymmetry scores were converted into absolute (positive) values and a difference
score was computed as follows:
Abs(CVRT-D contra-ipsilesional RT) – Abs(CVRT contra-ipsilesional RT)
For example, in a RH patient with left and right RTs of 400 and 200 msec in the CVRT and
600 and 300 in the CVRT-D, the increase in asymmetry would be
Abs(600-300) – Abs(400-200) = 100
as would be the case in a LH patient with similar but ‘mirrored’ RTs.

Results
Tracking data
Mean AVLP scores with standard deviations for each group in the single and the dual task
are represented in Figure 1 (see above). As can be seen, both LH and RH patients showed
leftward deviations in simulated driving.
A Mixed Models analysis was performed with condition (single vs. dual task) as a
within subjects factor and group (controls vs. LH vs. RH) as a between-subjects factor (N =
20, 22, 21). Mixed Models is a procedure in which alternative estimators are used for the
parameters of a variance-analytic design; it is claimed to be more robust to violations of
assumptions which are crucial for the conventional ANOVA estimators. The procedure
used here was REML (Restricted Maximum Likelihood estimators), see Rietveld and Van
Hout (2005). For the covariance structure, we opted for ‘unstructured’. The same
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procedure and covariance structure are used in all Mixed Models analyses reported
throughout the Results section.
For the analysis of the tracking data, the value of the -2 Restricted Log Likelihood
information criterion was 1449.91. A significant difference between groups (F(2,60) =
20.51, p < .001), but no significant condition effect (F(1,60) = 3.30) or condition * group
interaction (F(2,60) = 1.08) was observed. A similar analysis performed only for both
patient groups revealed that the difference in lateral position scores between the RH
patient group as compared with the LH patients was significant (F(1,41) = 15.86, p < .001).
Again, neither the condition effect (F(1,41) = 3.89) nor the condition * group interaction
(F(1,41) = .01) was significant, indicating that overall, tracking performances of the
participants remained sufficiently constant between tasks to be able to draw some
conclusions about dual-task performance from the omission and RT data.
Significant Pearson correlations in both patient groups taken together were found
between mean position scores and RT asymmetries (r(41) = -.49, p < .005 and r(41) = -.43,
p < .01 for the single and dual task respectively), but not between mean AVLP scores and
ipsilesional RTs (r(41) = -.11 and r(41) = .14 for the single and dual task respectively). Thus,
tracking deviances could not be related to general slowness, but rather to asymmetrical
performance in general. Tracking data will be further discussed elsewhere.
Omissions
Mean numbers of omissions in the CVRT and the CVRT-D for both patient groups are
displayed in Table 2. This shows that in both conditions, RH patients made more than
twice as many (predominantly contralesional) omissions than LH patients. In addition,
twice as many LH and RH patients made more than one omission in the dual compared
with the single task.
Table 2. CVRT and CVRT-D mean omission scores in both patient groups
LH
RH
(N=22)
(N=21)
CVRT
Contralesional (range)
.45 (0-6)
1.24 (0-10)
Middle
0
0
.05 (0-1)
0
Ipsilesional (range)
N of persons with >1 omission
CVRT-D

Contralesional (range)
Middle (range)
Ipsilesional

N of persons with >1 omission
ϱϱ

2

4

.68 (0-8)
.05 (0-1)
0

1.95 (0-11)
.10 (0-2)
0

4
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As omission scores showed a very skewed distribution and were zero in most participants,
no statistical analysis was performed with these data. No healthy control participant
missed any stimulus. All patients who made more than one omission in the single task also
did so in the dual task.
Pearson correlations between total BIT scores and contralesional omissions in the RH
group were significant for both CVRT (r(19) = -.54, p < .05) and CVRT-D (r(19) = -.62, p <
.005). In the LH group, only the correlation between total BIT and CVRT-D contralesional
omissions (r(20) = -.72, p < .001) was significant (BIT – contralesional omissions CVRT: r(20)
= -.41).
Reaction times
In Figure 2, mean RTs with SDs for each position are represented for the three groups in
the single and dual task respectively. Especially, the RH and LH patients seem to show
slowing of RTs between tasks.
Figure 2. CVRT and CVRT-D mean RTs and SDs at each position for the three groups.

A Mixed Models analysis was performed for all groups with condition and position (left,
middle, right) as within-subjects factors and group (controls, LH, RH patients) as a
between-subjects factor. The -2 Restricted Log Likelihood information criterion was
4852.67. LH patients’ performances were ‘mirrored’ to transpose left/middle/right RTs
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into contralesional/middle/ipsilesional RTs and thus prevent spurious group * position
interaction effects. It was assured (by means of two paired samples t-tests) that in the
controls, there were no significant differences between left and right RTs in the single or
dual task (t(19) = -1.57 and -.88, respectively).
The Mixed Models analysis showed a significant group effect (F(2,60) = 12.45, p <
.001). Mean RTs over both tasks were 387 msec for the controls and 665 and 815 msec for
the LH and RH patients. Significant condition (F(1,60) = 61.534, p< .001) and position
effects (F(2,60) = 31.37, p< .001) were also found, indicating that RTs in the dual task (M =
2202 msec) were generally longer than in the single task (M = 1561 msec) and differed
between positions. The group * condition interaction (F(2,60) = 8.63, p< .005) was
significant. From single to dual task, healthy controls showed an increase in total RTs of
161 msec. This increase was 785 msec in the LH and 947 msec in the RH patients. Also,
significant group * position (F(4,60) = 7.00, p< .001) and group * condition * position
(F(6,60) = 4.07, p< .005) interactions were found.
Three Mixed Models analyses for each separate position were performed for the two
patient groups. These showed a significant group effect on the contralesional position
(F(1,41) = 4.84, p < .05), indicating that the RH patients were generally slower (M = 1195
msec) than the LH patients M = 812 msec) on this position. No group effects were found
on the middle (F(1,41) = .51) or the ipsilesional position (F(1,41) = .03). Condition effects
were significant for each position (F(1,41) = 46.00, 16.33 and 39.46 for
contralesional/middle/ ipsilesional RTs respectively, p < .001 for all positions). Group *
condition interactions were, however, not significant for any of the positions (F(1,41) =
2.69, .69 and .22 for contralesional/middle/ipsilesional RTs). Thus, whilst RH patients were
generally slower than LH patients on the contralesional and middle position, there were
no differences between both patient groups in their amount of RT slowing from the single
to the dual task on either position.
RT asymmetries
Difference scores between contralesional and ipsilesional RTs were used to analyze the
degree of asymmetry in performance in the CVRT and the CVRT-D. In Table 3, CVRT and
CVRT-D RT asymmetry scores in the three groups are displayed.
A Mixed Models analysis with condition as a within-subjects factor and group as a
between-subjects factor was performed to investigate RT asymmetries. The value of the -2
Restricted Log Likelihood information criterion was 1733.04.
The analysis showed a significant group effect (F(2,60) = 13.93, p <.001). Mean asymmetry
scores over both tasks were -24 msec for the controls and 190 and 560 msec for the LH
and RH patients. A significant condition effect (F(1,60) = 10.99, p < .005) indicated that the
degree of asymmetry was in general significantly higher in the CVRT-D (M = 305 msec)
than in the CVRT (M = 185 msec). Also, the group * condition interaction was significant
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(F(2,60) = 4.75, p < .05). The differences between asymmetry scores in the single versus
the dual task were 4 msec in controls and 95 and 263 msec in the LH and RH patients.
Table 3. CVRT and CVRT-D RT asymmetries
LH (N=22)
CVRT Mean
142
(SD)
(299)
CVRT-D Mean
237
(SD)
(310)

RH (N=21)
428
(486)
691
(664)

Healthy (N=20)
-22
(63)
-26
(134)

A similar analysis comparing only both patient groups also showed significant group
(F(1,41) = 7.96, p < .001) and condition (F(1,41) = 12.34, p < .005) effects. However, the
group * condition interaction was not significant (F(1,41) = 2.75), indicating that whilst RT
asymmetries were generally most pronounced within the RH group, both patient groups
showed a similar amount of increase in RT asymmetries from the single to the dual task.
Pearson correlations between ipsilesional RTs and RT asymmetries in the single as
well as the dual task were computed for both patient groups taken together to investigate
the presence of an association between general attentional processes and lateralized
attention on a group level. These were significant for the single (r(41) = .30, p < .05), but
not the dual task (r(41) = .22). The correlation between ipsilesional slowing and the
increase in RT asymmetry from single to dual task was also not significant (r(41) = .04).
Clearly, as task difficulty was enhanced, ipsilesional slowness and RT asymmetries as well
as increases in both variables occurred together in some patients, but not in others. In
both separate patient groups, none of the abovementioned correlations was significant.
Individual RT performances within both patient groups
To be able to draw some conclusions on the notions of exacerbation and ‘emergence’ of
neglect symptoms under dual-task load, individual CVRT and CVRT-D ipsilesional RTs as
well as RT asymmetries were further investigated for both patient groups. These are
represented in Figure 3. A distinction was made between LH and RH patients with normal
and defective BIT scores. Moreover, to be able to track individual performances from
CVRT to CVRT-D, some conspicuous cases were labeled.
To decide whether the degree of increase in asymmetry between tasks was significantly
higher in some patients than in others, a statistical technique that is suitable to detect
outliers within a certain sample (Wilcox, 2010) was applied.
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Figure 3. Mean ipsilesional RTs and RT asymmetries in the CVRT and CVRT-D for the LH
(upper) and RH (lower) patients.
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NB it should be noted that only positive outliers are marked; 1 RH and 2 LH patients could be considered outliers
as to their decreases in asymmetry.
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Using this technique, any observed value X (in this case, a single patient’s difference
between absolute CVRT-D and CVRT asymmetries) is declared an outlier if:
|X – M|
MAD/0.06745

> 1.28

In this formula:
M = median of all scores within the total group (in this case all LH + RH patients)
MAD = median absolute deviation statistic. This is computed as follows: for each individual
case, a ‘deviation from median’ score (i.e. the absolute difference between the individual
score and the group median) is computed. MAD is the median of all ‘deviation from
median’ scores within the total group. The ratio MAD/0.6745, in which 0.6745 is a
constant, has turned out to be an estimate of the population standard deviation (Iglewicz
& Hoaglin, 1993). The constant value of 1.28 indicates the cut-off level for outliers.
In Figure 3, outliers are marked with an *. It could be established that 7 RH and 3 LH
patients showed increases in their amount of RT asymmetry between tasks that were
significantly higher than in the other patients. Within the RH group, three of five patients
with neglect (2, 4 and 5), as measured by the BIT, showed a significant increase in
asymmetry scores from CVRT to CVRT-D. In the other two neglect patients (1 and 3), not
only contralesional, but also ipsilesional RTs were clearly higher in the CVRT-D than in the
CVRT. Also, two of four RH patients with normal BIT scores, but clear asymmetries in the
CVRT (6 and 7) showed a further increase in asymmetry in the CVRT-D. Finally, two RH
patients (10 and 11) had normal BIT scores as well as CVRT asymmetry scores that were
within the range of RT asymmetries as observed in healthy participants (i.e. maximum 178
msec). However, their increases in RT asymmetries were significantly higher than in the
other patients.
Within the LH group, one of the three patients with a BIT score indicative of neglect
was marked as an ‘outlier’ (A). One LH patient (D) showed distinct asymmetries in both
CVRT and CVRT-D. However, due to considerable ipsilesional slowing, the difference
between both asymmetry scores was not significant. Finally, two LH patients (E and F) with
normal BIT and CVRT RT scores were considered outliers based on their amount of
increase in asymmetry between tasks.
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Discussion
Hemi-inattention or neglect is often described as a spatial attention deficit. Also,
associations between neglect and disturbances in several non-spatial components of
attention have been observed. Thus, several authors have suggested that the increase in
attentional load in a dual task could exacerbate the severity of asymmetrical performance
in neglect patients (Robertson & Frasca, 1992) and might bring up neglect symptoms in
patients without obvious neglect in single tasks (Marshall et al., 1997; Robertson & Manly,
2004).
To test these hypotheses, in the present study, 21 RH and 22 LH subacute stroke
patients as well as 20 healthy control participants were assessed. They performed a
computerized driving simulation (‘tracking’) task and a single detection task (CVRT) in
which visual stimuli were presented on three horizontal positions on a large projection
screen. Moreover, a dual-task variant (CVRT-D) was created, in which the tracking and
detection task were combined. CVRT and CVRT-D detection data were compared. No
significant worsening in steering performance occurred from the single tracking to the
CVRT-D task, indicating that the increased dual-task load was mostly reflected in the
omission and RT data of the single and dual detection tasks. Thus, these variables might be
considered informative for dual-task performance.
Primary outcome variables in this study were RTs, particularly asymmetries in
detection times for contralesional versus ipsilesional stimuli. It was expected that
especially within the RH group, clear spatial asymmetries would be observed, that might
be more pronounced in the dual-task condition than in the single-task condition.
Moreover, it was hypothesized that distinct increases in RT asymmetries might be
observed in patients showing neglect symptoms on the BIT and CVRT and that it could be
possible to observe emerging neglect in patients without obvious neglect symptoms on
these simpler tasks.
In concordance with our initial hypothesis, clear group differences in RT asymmetries
were observed. In contrast with Marshall et al. (1997), who found no differences between
LH and RH patients in a computerized dual-task experiment, the present results showed
significant differences in RT asymmetries between RH and LH patients. RH patients
generally showed higher asymmetry scores, in accordance with the notion that the RH
plays an important role in spatial attention (Heilman et al., 1993) and that neglect
symptoms are most often observed in RH stroke patients (Bowen et al., 1999). Raw
omission scores seemed to point in the same direction.
Both patient groups showed clear increases in RT asymmetries from single to dual
task. This corresponds with the results of recent studies on spatial asymmetry under dualtask load (Bonato et al., 2010, 2012; Russell et al., 2004), in which smaller samples of
predominantly RH patients with and without neglect were used. However, differences
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between RH and LH patients were neither significant for contralesional slowing of RTs nor
for increases in RT asymmetries. This might be explained by the considerable
heterogeneity of both patient groups in terms of lesion severity, time post stroke and
neglect symptoms. Moreover, not only the RH but also the LH group comprised some
patients with clear increases in asymmetry between tasks, even though their number was
obviously higher in the RH than the LH group. Finally, the interpretation of RT (asymmetry)
data may have been complicated by the fact that only valid RTs were used and that, at the
same time, the maximum RT was limited to 6000 msec. Most patients made more
omissions in the CVRT-D than the CVRT, but this might not be reflected in the RTs for the
valid stimuli.
Considering the heterogeneity of the groups in this study, an important question
remains as to what measures best reflect spatial attention processes and what the
difficulty level of the tasks should be. For instance, even the dual task was fairly easy to
perform for the controls and most patients, whilst other patients were not able to
accomplish the dual task at all and had to be excluded from the analyses. To address this,
task difficulty levels might have been adjusted. For instance, Bonato et al. (2010, 2012)
calculated individually thresholded presentation times for stimuli. In the present study,
individual adjustment of stimulus presentation times or side wind level might have led to
the detection of dual-task effects even in some of the participants who now successfully
performed both tasks. On the other hand, individually thresholded tasks might play a
confounding role when comparing participants on a group level and in drawing normative
conclusions about performances.
In the present study, more distinct contralesional slowing and increases in RT
asymmetries – especially in those (mostly RH) patients who made considerable numbers
of omissions – might possibly have been found if greater numbers of stimuli had been
presented and no maximum RT value had been set. Furthermore, this might have allowed
for the inclusion of at least one of the now-excluded RH patients. Nevertheless, the fact
that RTs may be considered sensitive measures of attentional performance (Schendel &
Robertson, 2002), allowing for the detection of gradual differences in task performances
as well as the direct comparison of patients and controls, seemed an important advantage
of this measure for the present purposes.
To draw some conclusions on the relationship between spatial asymmetry and
general attentional processes in both patient groups, correlations between RT
asymmetries and ipsilesional RTs were computed. In previous studies (Buxbaum et al.,
2004; Robertson et al., 1997), significant correlations were found between neglect
symptoms on paper-and-pencil tasks and defective performance on auditory sustainedattention tasks in groups of RH patients with and without neglect. Robertson et al. (1997)
suggest that the close interaction between spatial and non-spatial, sustained attention
finds its nature in a mediating influence of a sustained attention system on spatial
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orientation, as proposed by Posner (1993). In the present study, similar correlations were
found between ipsilesional RTs and RT asymmetries, at least in the single task and for both
patient groups taken together.
However, the present correlation data for the dual task as well as the single versus dual
task suggest that different degrees of both spatial and general attentional problems may
co-occur, but may also be dissociated, especially under the influence of increased task
load. For instance, it was observed that some patients showed increases in ipsilesional
slowing, but not in RT asymmetry between tasks and vice versa, whilst other patients
showed neither or both. This corresponds with the findings of Farnè et al. (2004), who
observed impaired spatial attention in a group of RH patients with neglect, but no
differences in performance on measures of non-spatial attention between patients with
and without neglect. The authors suggest that non-lateralized attention may contribute to
neglect, although not in a selective way. Thus, non-lateralized attention deficits might not
be responsible for neglect, but nevertheless could contribute to the syndrome. Also
Husain and Rorden (2003) put forward the idea that attentional deficits can occur in
stroke patients independently of neglect, but when combined with a lateralized bias,
these deficits may exacerbate the severity of neglect.
Furthermore, as Husain and Nachev (2007) point out, clear heterogeneity may exist
even amongst neglect patients, probably as a result of different combinations in the
interactions of spatial and non-spatial attention. The present results seem to be in
accordance with this notion. For instance, within the RH group, clear increases in RT
asymmetries from CVRT to CVRT-D were observed in three of five patients with BIT scores
indicative of neglect. The two remaining neglect patients showed not only contralesional,
but also ipsilesional slowing of RTs, resulting in RT asymmetries that remained constant.
Moreover, only two of four patients with normal BIT scores but clear RT asymmetries in
the single task showed a further increase in asymmetry in the dual task. The
abovementioned results suggest that in patients with neglect symptoms in simpler tasks,
these symptoms may be augmented under increased attentional load as predicted by
Robertson and Frasca (1992), even though individual differences exist as to the extent of
spatial and general attentional involvement as measured by ipsilesional RTs.
Finally, in two RH as well as LH patients, no clear asymmetries were present in the
CVRT and BIT, whilst in the CVRT-D, distinct asymmetries were observed. These patients
seem to confirm the idea of a (re-)emergence of subtle neglect under increased
attentional load (Robertson & Manly, 2004). Their performances extend the results of
Bonato et al. (2010, 2012), who found significantly more contralesional omissions after
unilateral presentation in the auditory variant of their dual-task paradigm in two of four
RH patients with normal BIT and single-task performance.
In the present study, a confounding influence of mere sustained attention problems
could not be entirely ruled out, because the CVRT-D was always performed after the CVRT.
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To be able to draw more specific conclusions about the demands that were made on
different attentional components in both tasks, in future research, an ABBA or randomized
ABBA/ABAB design might be useful. Nevertheless, the relatively constant and low
ipsilesional RTs in the abovementioned ‘outliers ‘with normal BIT and CVRT performances
suggest that these patients did not suffer predominantly from general attentional deficits.
Thus, they might have been able to successfully compensate for spatial bias in the single
task (Bartolomeo & Chokron, 2002), but failed to adhere to this strategy in the dual task.
An important question remains as to how increased attentional load may result in the
exacerbation or detection of visuospatial asymmetries. More and more authors describe
how non-spatial processes not only may be associated with neglect, but play an important
role in exerting top-down influence on lower level spatial perception and awareness in this
disorder (Bartolomeo & Chokron, 2002; Natale et al., 2005; Robertson et al., 1997;
Vuilleumier et al., 2008).
The neglect syndrome is often associated with frontoparietal damage in the RH
(Farnè et al., 2004; Thiebaut de Schotten et al., 2005; Committeri et al., 2007; He et al.,
2007) or in the white matter connecting parietal and frontal areas (Bartolomeo et al.,
2007). In a more recent study, Singh-Curry and Husain (2009) point out the important role
of the right inferior parietal lobe (IPL) in both maintaining attentive control and
responding to salient stimuli. A larger fronto-parietal system might allow flexible
reconfiguration of behaviour between these two behavioural modes. In our view, dual
tasks like the CVRT-D might then not only generally increase attentional load, but might
address this fronto-parietal system more specifically. These tasks might thus be
considered informative as to the functioning of RH brain-injured patients, not only in
terms of maintaining attentional control and stimulus detection, but also in terms of the
reconfiguration of behaviour between these processes, which might in turn be indicative
for their compensatory abilities.
Clinically, the results of the present study may draw the attention of both therapists
and clinicians to patients who, without obvious signs of neglect in simpler tasks, still might
show visuospatial attention deficits in the contralesional hemispace, particularly in
dynamic and complex situations. Obviously, given the small sample and limited number of
patients with ‘well-compensated’ neglect identified, the present study reports preliminary
evidence. Nevertheless, computerized dual tasks might better reflect the attentional
demands that patients are confronted with in daily life and be more sensitive for detecting
the presence of subtle signs of asymmetric performances than paper-and-pencil tasks
(Bonato et al., 2010, 2012; Marshall et al., 1997).
Given the resemblance of the CVRT-D to a car driving situation, one might assume
that this task could be particularly useful in predicting traffic participation as a car driver.
However, as the complexity of the dual task is in fact rather low and task requirements
were modest, it might rather be compared to tasks like walking and wheelchair or scoot
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mobile navigation. Although measures of performance of the patients in natural contexts
were not available in the present study, relating CVRT-D performance to daily life
observations could be very useful. For example, further research might focus on the
applicability of the task in predicting real-life performance in driving or moving. Moreover,
computerized dual tasks like the CVRT-D might not only serve diagnostic purposes, but
might also be used in rehabilitational contexts. Both patients with subtle asymmetries and
patients with more obvious neglect might benefit from training under dual-task
conditions. In a future study, the usefulness of implementing an ecologically valid dual
task like the CVRT-D into a standardized compensational scanning training will be
evaluated.
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Chapter 4
Is visuospatial hemineglect longitudinally associated with postural
imbalance in the postacute phase of stroke?
I.J. W. van Nes, M.E. van Kessel, F. Schils, L. Fasotti, A.C.H. Geurts,
and G. Kwakkel
Neurorehabilitation and Neural Repair 23(8) (2009), 819-824

Abstract
The purpose of this study was to determine the longitudinal association of visuospatial
hemineglect with postural imbalance in postacute stroke patients and to establish
whether this relationship is confounded by other determinants. A prospective cohort
study of 53 postacute stroke patients consecutively admitted for inpatient rehabilitation
was conducted. Transfers and standing balance were assessed with the Berg Balance Scale
(BBS) and walking balance with the Functional Ambulation Categories (FAC). Repeated
measurements took place at baseline (36.6 ± 10.4 days after stroke) and after 6 and 12
weeks. Visuospatial hemineglect was assessed by an asymmetry index, derived from the
Letter and Star Cancellation Tests. Random coefficient analysis was used to analyze the
longitudinal impact of visuospatial hemineglect on the BBS and FAC. The association
between hemineglect and outcome was corrected for the following potential
confounders: age, severity of paresis of the lower leg, sensory deficits, and presence of
hypertonia. A covariate was considered to be a confounder if the regression coefficient of
hemineglect on outcome changed by >15%. Visuospatial hemineglect was significantly
associated with BBS and FAC. The relation between hemineglect and both BBS and FAC
was confounded by severity of paresis of the lower limb. After controlling for severity of
paresis, hemineglect remained independently associated with BBS, whereas the
association with FAC lost significance. Visuospatial hemineglect is an independent
covariate that is longitudinally associated with postural imbalance after stroke. These
findings suggest that hemineglect is an important factor for controlling static and dynamic
standing balance during the first months poststroke.
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Introduction
A majority of stroke survivors suffer from motor, sensory, and cognitive impairments
resulting in limitations in their activities and social participation. For a substantial number
of these patients, the main goals of rehabilitation are to restore independent gait and
activities of daily living (ADL). One of the most important factors that determine the
independency of gait and gait-related activities is postural control (Franchignoni et al.,
1997; Hsieh et al., 2002; Sandin & Smith, 1990; Wade et al., 1983; Garland et al., 2003).
Although a uniform definition is lacking (Pollock et al., 2000), postural control or “balance”
has been described as the capacity to maintain, achieve, or restore a state of equilibrium
during any posture or activity (Pollock et al., 2000). Rapid and optimal recovery of postural
control in patients with stroke is a prerequisite for their independence and social
participation and will also improve general health by reducing the risk of falling. Therefore,
it is necessary to have a proper conceptual understanding of the factors that may affect
(recovery of) postural control after stroke.
A considerable number of studies suggest that in patients with stroke, visuospatial
hemineglect is associated with a less extensive recovery of ADL (Cherney et al., 2001;
Gillen et al., 2005; Jehkonen et al., 2000; Jehkonen et al., 2006; Katz et al., 1999; Mercier
et al., 2001; Paolucci et al., 2001) and, recently, several studies have been published about
the specific influence of visuospatial hemineglect on postural control (Genthon et al.,
2008; Pérennou, 2006; De Haart et al., 2005; Pérennou et al., 2001; Taylor et al., 1994;
Tyson et al., 2006; Van Nes et al., 2009). Although some of these cross-sectional studies
found an adverse influence of visuospatial hemineglect on postural control (Genthon et
al., 2008; De Haart et al., 2005; Pérennou et al., 2001; Taylor et al., 1994; Van Nes et al.,
2009), other studies did not corroborate this relationship (Tyson et al., 2006; De Haart et
al., 2004). Only a few studies controlled for possible confounders that may affect this
relationship, such as severity of paresis and loss of tactile sensation (Genthon et al., 2008;
Pérennou et al., 2001; Tyson et al., 2006; Van Nes et al., 2009), hypertonia (Genthon et al.,
2008; Pérennou et al., 2001) and age (Genthon et al., 2008; Tyson et al., 2006; Van Nes et
al., 2009). In addition, moment of assessment differed for the cross-sectional studies
ranging from 2 weeks20 up to 3 months14 poststroke. A disadvantage of cross-sectional
studies is that the independent variable is determined at one arbitrarily chosen moment
poststroke, whereas longitudinal studies with serial assessments show that the strength of
association of clinical determinants may be time dependent (Kwakkel et al., 2006). By the
use of longitudinal data analysis, the individual progression of a certain outcome variable
can be related to the individual changes in specific determinants while controlling for
dependency in serial measurements.
Until now, information about the longitudinal association of visuospatial hemineglect
with postural imbalance in patients with stroke is limited. There is only one prospective
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study by Kollen et al. (2005) using a repeated measurement design, which showed, in a
multivariate regression analysis of change scores, that a gradual decline in visuospatial
hemineglect was accompanied by a gradual improvement in walking ability according to
the Functional Ambulation Categories (FAC) during the first year poststroke. They found a
first indication that a reduction in visuospatial neglect is an independent factor related to
improvement of gait as assessed by the FAC in patients with a first-ever stroke, after
controlling for postural control assessed with the timed-balance test, severity of paresis
assessed with the Fugl-Meyer leg score and Motricity Index leg score (MI-leg), and time
poststroke.
Against this background, the aim of the present prospective study was to investigate
the longitudinal, bivariate relationship of visuospatial hemineglect with standing and
walking balance in patients with stroke in the postacute phase. Subsequently, we
investigated the influence of possible confounders that might affect this relationship in an
association model. We hypothesized that the presence of visuospatial hemineglect would
be negatively associated with standing and walking balance. Based on the literature and
on clinical grounds, we hypothesized that older age (Van Nes et al., 2009; Woollacott et
al., 1986), severity of paresis (Van Nes et al., 2009; Woollacott et al., 1986), sensory
deficits(Tyson et al, 2006; Woollacott et al., 1986), and the presence of hypertonia
(Sommerfeld et al., 2004; Soyuer & Ozturk, 2007) might significantly influence the
observed association between visuospatial neglect and postural imbalance.

Methods
Design and Subjects
This prospective cohort study was based on a randomized controlled trial (RCT) that
investigated the long-term effects of whole-body vibration on postural control after stroke
(Van Nes et al., 2006). As this RCT revealed no group differences on any of the outcome
measures, we combined the results of both groups in this study. In the present study, 53
patients with stroke participated with a mean age of 61.1 ± 10.3 years. All patients were
admitted to 1 of 3 participating rehabilitation centers in The Netherlands (i.e., Sint
Maartenskliniek, Nijmegen; Groot Klimmendaal, Arnhem; Tolbrug, ‘s Hertogenbosch).
Patients with the diagnosis “stroke,” according to the definition of the World Health
Organization (WHO), were included if they met the following criteria: (1) first-ever
supratentorial stroke, (2) a poststroke interval less than 6 weeks, and (3) moderate or
severe balance impairments defined as a score less than 40 on the Berg Balance Scale
(BBS). Exclusion criteria were as follows: (1) non stroke-related sensory or motor
impairments, (2) use of medication that could interfere with postural control, and (3)
concomitant cognitive problems that impaired the ability to follow simple verbal
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instructions. After receiving verbal and written information, all individuals gave their
written informed consent to participate in the study. The regional medical-ethical
committee approved the study.
Procedure and Measurements
Patients were included within 3 days after admission to the rehabilitation center (mean
time poststroke: 36.6 ± 10.4 days). Measurements took place at baseline (t0), at 6 weeks
(t1), and at 12 weeks (t2) follow-up. Each entire testing procedure took about 2 hours,
depending on the level of disability. All functional measurements were performed by 3
independent, experienced physical therapists, who were not involved in the rehabilitation
management of the participating stroke rehabilitation wards. In addition to the applied
interventions, all patients participated in an individualized treatment program consisting
of at least five 30-minute individual sessions of physical therapy (PT), five 60-minute group
sessions of PT, and three 30-minute individual sessions of occupational therapy (OT). PT
and OT sessions were augmented with speech and language therapy and psychosocial
interventions if necessary (Van Nes et al., 2006).
The dependent variables in our model were the BBS and the FAC. The BBS (Berg et
al., 1992) was used to assess postural control during body transfers and static and
dynamic standing balance tasks. This scale comprises 14 tasks (score range 0-4) yielding a
maximal total sum score of 56 points. The level of independency of walking or “walking
balance” was assessed with the FAC (Collin et al., 1990). This instrument distinguishes
between 6 levels ranging from “unable to walk” (i.e., score 0) to “able to walk
independently anywhere” (i.e., score 5). Both scales, i.e., BBS and FAC, have been shown
to be reliable and valid (Collin et al., 1990; Berg et al., 1995). Visuospatial hemineglect was
the independent variable in our model. To determine the presence of visuospatial
hemineglect, we used 2 subtests of the Behavioural Inattention Test (BIT; Wilson et al.,
1987), which have been proposed by Halligan et al. (1990), viz. the Letter and Star
Cancellation Tests (LSCT). We selected these particular tests because Halligan et al. found
that these are the most sensitive subtests of the BIT (Halligan et al., 1989), and to
minimize the burden of the examination on the patients. To control for non-lateralized,
generalized attention deficits, we calculated an asymmetry index (LSCT asymmetry index),
which was introduced by McIntosh et al. (2000) to determine personal neglect. An
asymmetry index higher than 10.6% (cut-off value based on the lowest scores of the norm
data obtained from healthy participants; Wilson et al., 1987) was interpreted as evidence
of visuospatial hemineglect (Van Nes et al., 2009).
Age was addressed as a time-independent possible confounder, whereas severity of
paresis, sensory deficits, and hypertonia were addressed as possible time-dependent
confounders. For assessment of severity of paresis of the lower limb, we used the
Motricity Index (Demeurisse et al., 1980) of the leg (MI-leg). MI-leg measures muscle
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strength of hip flexion, knee extension, and ankle dorsiflexion by using a weighted score
for each part from 0 (i.e., no movement) to maximal 33 points (i.e., normal power). A total
of 100 points (3 x 33 + 1) are available for the lower limb. The somatosensory threshold
was used to assess sensibility in the affected lower limb. It was determined by
investigating the pressure sensitivity at the tip of the hallux using 5 calibrated
monofilaments indicated by the log transformation of the applied forces (2.83, 3.61, 4.31,
4.56, and 6.65; see Bell-Krotoski, 1995; Semmes et al., 1960). Hypertonia was assessed by
means of the Modified Ashworth Scale (MAS; Gregson et al., 1999) for the ankle plantar
flexors (calf muscles), ankle dorsiflexors, knee extensors, and knee flexors. All muscle
groups were tested by means of passive movement scored from 0 (normal tone) to 5
(affected parts rigid in flexion or extension).
Data Analysis
The longitudinal relationship of visuospatial hemineglect and postural control was
investigated by using random coefficient analysis (RCA; MLwiN, version 2.02, Bristol,
United Kingdom). RCA (Goldstein et al., 1999) takes into account that the repeated
observations within 1 subject are interdependent. In MLwiN, the intercept is assumed to
be randomly distributed between participants.
Initially, bivariate longitudinal regression analyses were conducted with the BBS and
FAC as the dependent variables, and the LSCT asymmetry index as the independent
variable. To examine the unique longitudinal association of visuospatial hemineglect on
standing balance (i.e., BBS) and walking balance (i.e., FAC), a correction was made for
possible baseline differences on BBS and FAC in the association model by taking the initial
BBS and FAC values as determinants in the regression model. Subsequently, impact of
visuospatial neglect was added to the model and tested, while controlling for timeindependent (age) and time-dependent variables (i.e., severity of paresis, sensory deficits,
and hypertonia) as possible confounders, associated with both the dependent (i.e., BBS or
FAC) and independent variables (i.e., visuospatial hemineglect). If the regression
coefficient of visuospatial neglect changed beyond 15% after adding the candidate
variable in the model, the added covariate was considered to be a confounder (Twisk,
2006).

Results
Patient characteristics at baseline of all the 53 stroke patients are presented in Table 1.
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Table 1. Patient characteristics at baseline
N
Gender
Male
Female
Age, y (mean ± SD)
Type of stroke
Ischemic
Hemorrhagic
Location of stroke
Left
Right
Time poststroke, days (mean ± SD)
Neglect
Present based on LSCT asymmetry index
LSCT asymmetry index (mean ± SD)
Number of omissions at baseline (mean ± SD)
Berg Balance Scale (0-56) (mean ± SD)
Functional Ambulation Categories (0-5), median (range)
Motricity Index of the lower limb (0-100) (mean ± SD)
Somatosensory threshold affected side (0-6.65 log F-mg),
median (range)
Modified Ashworth Scale (0-5), median (range)
Knee extensors
Knee flexors
Ankle plantar flexors
Ankle dorsiflexors

Total
53
23
30
61.1 ± 10.3
38
15
25
28
36.6 ± 10.4
24.5%
11.0 ± 23.0%
11.5 ± 17.3
23.8 ± 16.6
1 (0-4)
49.0 ± 28.3
6.65 (2.83-6.65)
0 (0-3)
0 (0-4)
0 (0-4)
0 (0-2)

Abbreviations: SD, standard deviation; LSCT, Letter and Star Cancellation Tests.

Table 2 shows the values of the dependent and independent variables at the 3
assessments for the whole group as well as for the patients with and without hemineglect,
separately. In total, 152 of the 159 scores were available for modeling. Bivariate random
coefficient analysis showed that visuospatial hemineglect was significantly associated with
both the BBS (β = –0.258, SE = 0.065, P < .05) and the FAC (β = –0.061, SE = 0.024, P < .05).
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Table 2. Recovery characteristics of the dependent and independent variables measured
at baseline (t0) and after 6 (t1) and 12 (t2) weeks
t0
t1
t2
N+
NTotal
N+
NTotal
N+
N(n=13) (n=40) (N=53) (n=13) (n=40) (N=51) (n=12) (n=39)
44.8
1.6
3.0
8.3
1.4
8.0
8.0
1.3
(32.1) (1.7) (6.9) (13.1) (16.2) (9.8) (20.3) (1.5)

LSCT asymmetry
(0-100%) mean (SD)

Total
(N=53)
11.0
(23.0)

Berg Balance Scale
(0-56) mean (SD)

23.8 20.9 24.8 40.9 38.9 41.5 44.4 42.8
(16.6) (18.5) (16.0) (13.4) (16.3) (12.6) (11.4) (14.4)

44.9
(10)

Functional Ambulation
Categories (0-5) mean (SD)

1.5
(1.4)

3.6
(1.4)

3.7
(1.2)

Motricity Index lower limb
(0-100) mean (SD)

49.0 48.5 49.1 60.5 58.6 61.1 65.2 59.1
(28.3) (30.1) (28.1) (25.0) (31.8) (22.8) (24.1) (27.6)

67.1
(23)

Somatosensory threshold
(0-6.65) median (range)

6.65 6.65 6.65 4.56 6.65 4.56 4.31 6.65 4.31
(2.83- (3.61- (2.83- (3.61- (4.31- (3.61- (2.83- (3.61- (2.836.65) 6.65) 6.65) 6.65) 6.65) 6.65) 6.65) 6.65) 6.65)

Modified Ashworth scale calf
(0-5) median (range)

0
(0-2)

1.5
(1.7)

0
(0-2)

1.5
(1.3)

0
(0-0)

3.0
(1.5)

0
(0-3)

2.8
(1.8)

0
(0-0)

3.1
(1.4)

0
(0-3)

3.7
(1.2)

0
(0-4)

0
(0-1)

0
(0-4)

Note: Data are presented for all patients and subdivided for patients with and without visuospatial hemineglect.
Abbreviations: N+, patients with visuospatial hemineglect at t0; N-, patients without visuospatial hemineglect at
t0; SD, standard deviation; LSCT, Letter and Star Cancellation Tests.

Table 2 shows that hemineglect generally had an adverse influence on both outcome
measures. Most prominently, patients without visuospatial hemineglect showed an
average of 19% higher values on the BBS at the first assessment. The influence of
hemineglect on postural control decreased to 7% higher values on the BBS at the second
and 5% higher values on the third assessments, as did the severity of hemineglect itself
according to the LSCT asymmetry index.
Table 3 shows the proportional change in the regression coefficients of the LSCT
asymmetry index after inclusion of the possible confounders in the association model for
both the BBS and the FAC. For hypertonia, we only provide information about the calf
muscles, because the other muscle groups showed the same changes (<5%).
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Table 3. Derived Regression Models to Test the Effects of Possible Confounders of the
Influence of Visuospatial Hemineglect on Berg Balance Scale and Functional Ambulation
Categories
BBS
Variable in the Model
Confounder, βLSCT Asymmetry
Proportional
Index,β-value (SE)
value (SE)
Change in β-LSCT
Asymmetry Index
LSCT asymmetry index
–0.258 (0.065)a
Candidate confounders
0.306 (0.039)a
–0.173 (0.056)a
32.9%
MI-leg
<5%
Age
–0.014 (0.096)
–0.259 (0.066)a
<5%
Hypertonia calf muscles
–3.982 (1.920)a
–0.257 (0.065)a
Somatosensory threshold –2.096 (0.739)a
–0.259 (0.064)a
<5%
FAC
LSCT asymmetry index
–0.061 (0.024)a
Candidate confounders
MI-leg
–0.035 (0.006)a
–0.037 (0.022)
39.3%
9.8%
Somatosensory threshold –0.430 (0.112)a
–0.055 (0.024)a
<5%
–0.006 (0.014)
–0.060 (0.024)a
Age
0.210 (0.292)
–0.061 (0.024)a
Hypertonia calf muscles
<5%
Abbreviations: BBS, Berg Balance Scale; LSCT, Letter and Star Cancellation Tests; MI-leg, Motricity Index of the
lower limb; FAC, Functional Ambulation Categories; SE, standard error. α: P < .05.

Adding MI-leg to both models resulted in the largest proportional change (33% and 39%,
respectively) in the regression coefficient of the LSCT asymmetry index. After controlling
for MI-leg, the relationship between visuospatial hemineglect and BBS was still significant
(β = –0.173, SE = 0.056, P < .05), whereas the relationship between visuospatial
hemineglect and FAC lost significance (β = -0.037, SE = 0.022, P = .09). No significant
change of the regression coefficient of the LSCT asymmetry index was found after
controlling for age, hypertonia, or sensory deficits.

Discussion
To the best of our knowledge, this is the first study to show that, longitudinally, the
presence of visuospatial hemineglect is significantly and independently associated with
postural control after supratentorial stroke. In line with our hypothesis, hemineglect
appeared to have an adverse influence on postural control. After controlling for potential
confounders, we found that only severity of paresis of the lower limb, assessed with the
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MI-leg, significantly distorted the longitudinal relationship between the LCST asymmetry
index, on the one hand, and BBS and FAC, on the other hand. However, after controlling
for severity of paresis, hemineglect remained significantly and independently related to
“standing balance” (BBS) whereas the association between hemineglect and “walking
balance” (FAC) lost significance. It is important to note that the observed significant
regression coefficients for LSCT asymmetry index with outcome of BBS and FAC, as shown
in Table 3, can be interpreted twofold in the present longitudinal regression analysis
(Twisk, 2003). Both the between-subjects and within-subjects interpretation of the
calculated bivariate regression model indicate that a difference of 10 points on the LSCT
asymmetry index is associated with a difference of 2.6 and 0.6 points on the BBS and the
FAC, respectively. The strength of the regression coefficients with or without correction
for possible confounders also indicates that the association between LSCT asymmetry
index with performance on BBS and FAC is modest.
As reported before (Kerkhoff, 1999; Pérennou et al., 2002), the observed postural
instability in patients with hemineglect could be the result of a problem in the
multisegmentel orientation of the body in space, because of a higher order disorder in the
processing of somesthetic information (Pérennou et al., 2001), leading to a disturbed body
scheme. The results of this study are in line with several cross-sectional studies (Van Nes
et al., 2009; Kollen et al., 2005; Pérennou et al., 2002). An important reason other studies
did not find an independent influence of hemineglect on postural control (Tyson et al.,
2006; De Haart et al., 2004) may well be the different way of determining hemineglect. In
the present longitudinal study, as well as in our previous acute-phase study (Van Nes et
al., 2009), an LSCT asymmetry index was used to determine hemineglect, thus controlling
for generalized attention deficits. Using less stringent criteria for diagnosing visuospatial
hemineglect, as was done in other studies (Tyson et al., 2006; De Haart et al., 2004), may
have led to an overestimation of the presence of hemineglect and, subsequently, to a
nonsignificant association with postural control. Another reason for the observed
significant relationship between visuospatial hemineglect and postural imbalance may be
the robustness of the applied regression model. In our model, we not only analyzed the
between-subject relationship, but also the within-subject relationship by including the
repeated measurements in time. Analyzing the within-subjects relationship is also
important because it acknowledges that visuospatial hemineglect is a time dependent
covariate that may quickly resolve as a result of spontaneous neurological recovery
(Appelros et al., 2004). Indeed, the results of this study clearly indicate that the severity of
hemineglect, in terms of number of contralesional omissions on the letter and start
cancellation tests, substantially decreased in time.
Severity of paresis of the lower limb appeared to be a factor that significantly
influenced the association between hemineglect and postural imbalance. This finding is in
agreement with the reports by others who found a significant and independent
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association between muscle weakness of the lower limb and balance in various phases
poststroke (Tyson et al., 2006; Van Nes et al., 2009; Marigold et al., 2004). Sensory
deficits, hypertonia, and age did not significantly influence the longitudinal association
between hemineglect and postural imbalance in our study. Although reports regarding the
impact of sensory deficits on the association between hemineglect and postural control
are somewhat conflicting in the literature(Tyson et al., 2006; Van Nes et al., 2009), the
absence of influence of hypertonia on this relationship is consistent with previous
research (Pérennou et al., 2001). As for the influence of age, several other studies showed
an independent adverse influence of older age on balance after stroke (Van Nes et al.,
2009; Blake et al., 1988; Weerdesteyn et al., 2005). The most likely reason age did not
affect the results of this study is that we included relatively young patients, who had been
selected for admission in a rehabilitation center, which reduced the variability in age
range.
A limitation of the present study is the limited number of participating subjects and
the fact that they had all been recruited in rehabilitation centers. As a consequence, the
estimated associations may lack precision and the probability to show significant
associations may have been reduced. In addition, the 15% change in the β-coefficient of
LSCT asymmetry index that we used as a criterion for confounding is an arbitrarily selected
value; however, taking 10% or 20% as a criterion would not have changed the decisions
made. Future studies should further investigate which clinical and demographic variables
are associated with observed recovery in balance control and gait performance by means
of longitudinal regression analysis of change scores (Kwakkel et al., 2006) or by developing
multilevel growth curve models (Tilling et al., 2001). These quasi-causal regression models
may be helpful in better understanding how functional recovery after stroke emerges in
the first 6 months.
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Chapter 5
Lane tracking in a virtual reality task: associations with measures of daily
functioning and mobility in subacute stroke patients
M.E. van Kessel, I.J.W. van Nes, A.C.H. Geurts, W.H. Brouwer and L. Fasotti
In preparation

Abstract
The relationship between tracking performance in a driving simulator task on the one
hand and measures of neglect and daily functioning on the other was examined in 21 RH
and 22 LH subacute stroke patients. Since neglect has been associated with a shift or
rotation in the subjective representation of the sagittal body axis, it was expected that
veering toward the contralesional side would be observed specifically in the RH group,
together with more oscillating movements. Moreover, since it has been suggested that
shifts in the representation of the sagittal body axis might be associated with shifts in the
subjective longitudinal body axis, a relationship between tracking deviations on the one
hand and standing balance and performance on rating scales for daily functioning and
mobility was expected. Indeed, in the RH group, significant correlations were found
between lane tracking position and RT asymmetries in the dual task as well as
asymmetrical standing balance. On the other hand, in the LH group, lane tracking
oscillations were associated with general slowness as measured by ipsilesional RTs and
with daily functioning in selfcare. The findings in the LH patients seem associated with
more generalized deficits, whereas the results in the RH patients suggest that spatial
representations play a specific role in their performances.
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Introduction
Patients with visuospatial neglect show an impaired detection of contralesional stimuli,
that cannot be attributed to primary sensory deficits (Heilman et al., 1993). Some authors
have suggested that in neglect, the representation of the sagittal body axis might be
shifted or rotated toward the ipsilesional side, thus causing neglect symptoms (Ventre et
al., 1984; Karnath, 1994; Vallar, 1997). This representation has also been referred to as
‘egocentric reference’ (Bisiach et al., 1985; Ladavas, 1987; Jeannerod & Biguer, 1987) and
is reflected in the ‘subjective straight ahead’ (SSA; Rousseaux et al., 2013; Saj et al., 2010).
The SSA has been operationalized using different tasks. For instance, in RH neglect
patients, deviations to the right have been reported in straight ahead pointing (Heilman,
1983; Karnath, 1994) and line bisection (Richard et al., 2004).
The SSA plays an important role in the interaction of an individual with its
environment. Therefore, shifts in the SSA may be expected to specifically affect mobility.
For instance, Webster et al. (1994/1995) reported mostly left-sided wheelchair collisions
while performing an obstacle course (see also Webster et al., 1988) in RH stroke patients
with neglect symptoms on paper-and-pencil tasks.
Besides the SSA, also the representation of the longitudinal body axis (Barra et al.,
2009) or ‘subjective vertical’ (SV; Rousseaux et al., 2013; Saj et al., 2012) plays an
important role, specifically in the control of posture and balance. Barra et al. (2009)
observed contralesional rotation of the SV in 22 LH and RH stroke patients with and
without neglect performing a task in the dark, in which they had to place a luminous rod in
line with their perceived longitudinal body axis. Performance on this task was correlated
to weight bearing asymmetries in a standing balance task, with patients who showed
more contralesional rotation of the SV bearing more weight on the ipsilesional leg. Higher
weight bearing asymmetries were correlated with worse performance on a rating scale for
behavioural neglect (Azouvi et al., 1996) but not with neglect symptoms on paper-andpencil tasks.
Whilst contralesional rotation of the SV seems associated with stroke in general,
Rousseaux et al. (2013) suggest that in neglect patients, a rotation in the SV and a shift in
the SSA may interact, resulting in a further increase in weight bearing asymmetry. Indeed,
strong associations have been found between neglect and postural disorders (Pérennou et
al., 2006; Bonan et al., 2007). Van Nes et al. (2009) suggest that neglect independently
contributes to impaired postural control in subacute stroke patients (26-46 days poststroke). In a recent experiment, Rousseaux et al. (2013) examined 21 RH patients with and
21 RH patients without neglect. Patients lay in a semi recumbent position in a dark
environment. Using light-emitting rods, they had to indicate their SSA in the horizontal
plane and – in a subsequent experiment – to indicate a vertical position in the frontal
plane. Balance was assessed using an observational rating scale (Benaim et al., 1999). It
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was observed that the neglect patients showed greater biases than non-neglect patients
for the SV and the SSA. Both patient groups showed more bias in the SV and SSA than
healthy controls. Moreover, in both patient groups taken together, the SSA correlated
with SV and balance performance, whilst the SV in itself did not correlate with balance.
The rotation or shift in the egocentric midline and SSA that has been associated with
neglect, also may affect performance on mobility tasks in which patients are instructed to
move in a straight line. For instance, Turton et al. (2009) recorded lateral positions and
numbers of collisions in 14 post-acute RH neglect patients and 9 control patients (mostly
LH) without neglect, who were either walking or driving a powered wheelchair along a
corridor. They found that in general, the walking control patients showed slight deviations
to the left and the controls driving a wheelchair deviated to the right, whilst walking and
driving neglect patients showed the opposite pattern. Moreover, in two neglect patients
who were able to perform both tasks, task-dependent results were observed: these
patients showed a leftward deviation in wheelchair driving, but a rightward deviation in
walking. Thus, the authors conclude that the nature of the task performed is crucial for
the direction of the deviation, though not offering suggestions as to possible mechanisms
involved.
Huitema et al. (2006) found that RH neglect patients with good walking ability
showed a deviation to the contralesional side when performing a straight ahead walking
task (i.e. walking toward a given distant point), whilst deviations shifted to the ipsilesional
side in patients with more impaired walking ability. The authors suggest that - when asked
to walk towards a target in a straight line - subjects need to constantly align their
subjective body midline with the target. In RH neglect patients without walking difficulties,
the displacement of the subjective body midline to the ipsilesional side may then be
expected to lead to a rotation of their objective body position to the contralesional side
(i.e., veering to the left) in order to align their subjective body midline with the target. On
the other hand, patients with walking difficulties may give task priority to walking,
resulting in rightward deviation. Finally, Punt et al. (2008) report mostly contralesional
collisions but also a so-called ‘cross-over effect’ (i.e. ipsilesional deviations crossing small
gaps as opposed to contralesional deviations crossing wider gaps) in 7 RH neglect patients
performing an obstacle course driving a power wheelchair. They indicate that patients
might be disproportionally influenced by the ipsilesional object, aiming to avoid collisions
on the side to which they are attending.
In the present study, lane tracking on a single and a dual driving simulation task (see
also Van Kessel et al., 2013) is investigated in 21 RH and 22 LH stroke patients with and
without neglect. To our knowledge, only a few studies have been dedicated to driving
simulation performance neglect patients. Moreover, these studies mainly focus on the
number of detected left- versus rightsided stimuli or left- versus rightsided hits with
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obstacles, but not on lateral deviations while driving. For instance, as part of a computerassisted wheelchair training, Webster et al. (2001) asked patients to navigate along
simulated obstacle paths projected on a large screen or wall, using four push buttons to
adjust their positions. Patients were trained, amongst others, to detect and avoid left and
right stimuli and avoid central targets by passing them on the left. It turned out that
untrained RH neglect patients showed significantly more direct hits and swipes of left
objects and experienced more falling incidents in daily life than trained patients. Buxbaum
et al. (2008) describe a virtual reality task (VRLAT) in which patients had to navigate
through a virtual reality (VR) environment while seated in front of a 42 * 31 inch flat
screen display in a powered wheelchair treadmill and were asked to name objects
projected on both sides of the road. Neglect patients reported fewer objects on the left
than on the right side. Also, the virtual task revealed deficient performances in three
patients with normal scores on paper-and-pencil tasks. In a subsequent study using the
VRLAT, Buxbaum et al. (2012) reported that 64 RH stroke patients with and without
neglect showed more left- than right sided omissions. Again, the VRLAT revealed more
neglect symptoms than paper-and-pencil tasks. Moreover, left-sided collisions on the
VRLAT showed significant correlations with real-world left-sided collisions (measured in a
wheelchair course), whereas paper-and-pencil tasks were non-predictive of wheelchair
course collisions. In two VR paradigms using head mounted devices (Jannink et al., 2009;
Kim et al., 2010), slower reaction times to left-sided stimuli (i.e. coloured balls and
approaching cars, respectively) and more left-sided omissions were reported. Moreover,
in the study of Kim et al. (2010), when patients were asked to locate an avatar on the
subjective midline of the visual scene before the start of the task, RH neglect patients
showed greater (rightward) deviation angles than RH patients without neglect.
In a previous study using a driving simulation task (Van Kessel et al., 2013), we found
slower contralesional RTs and more omissions in RH stroke patients compared with LH
patients. Moreover, a clear increase in RT asymmetries between a single detection task
and a dual task (requiring simultaneous detection of stimuli and simulated lane tracking)
was observed, although to a similar extent in both LH and RH stroke patients.
In the present study, patients’ lane tracking performance in the driving simulation
task is investigated in more detail. During the lane tracking task, participants are asked to
maintain a straight ahead position on a simulated road, projected on a large screen. Their
lateral position is continuously disturbed by a ‘side wind’ signal, thus requiring an ongoing
correction of their lateral position. No spatial references or cues regarding their position
are provided; only the end of the road on the ‘horizon’ remains constantly right in front of
the subject. Since walking difficulties or problems in maintaining balance cannot play an
important role in the performance of this task, it can be expected that patients suffering
from neglect might show contralesional deviations, like the patients with good walking
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performance or driving a power wheelchair in the abovementioned studies (Huitema et
al., 2006; Turton et al., 2009). Indeed, in our previous study (Van Kessel et al., 2013), we
observed that both LH and RH groups showed leftward deviations in simulated driving,
with significantly more pronounced deviations in the RH patients. Here, patients’ steering
data will be investigated more closely and in relation to their performance on paper-andpencil neglect tasks and observation scales for balance and mobility. It is hypothesized
that more pronounced deviations in lateral position scores as well as increased oscillating
movements during simulated lane tracking may be associated with neglect symptoms and
disturbed balance.

Method
Participants
Two groups of stroke patients were examined in this study: 22 patients with a LH stroke
and 21 patients with a RH stroke. Patients with a first intracerebral infarction or
hemorrhage admitted to the Sint Maartenskliniek rehabilitation centre in Nijmegen (the
Netherlands) after acute hospitalization were eligible. Post onset times varied from two to
nine weeks. Although some language problems may have been present in the selected
patient group, it was observed that by offering repeated instruction and demonstration,
all patients included were able to perform the tasks. Patients with visual field deficits like
hemianopia and quadrantanopia, as detected by means of Donders’ confrontation
method, were excluded. Detailed information about the patient groups can be found in
Van Kessel et al. (2013). In Table 1, medical and demographic data of the patients are
presented.
Table 1. Medical and demographic data of the patient groups
LH patients
RH patients
(N=22)
(N=21)
Mean age
59.9
60.2
(range)
(34-80)
(38-71)
Men / women (N)
12 / 10
13 / 8
Days post-onset
35.1
36.2
(range)
(15-57)
(20-62)
Lesion type:
Ischemia / Hemorrhage (N)
16 / 6
15 / 6
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Administered tasks
Tracking tasks
In the tracking tasks, patients were seated in front of a 2.13 x 3.18m projection screen at a
distance of around 90 cm, thus creating a visual angle of approximately 110°. On the
screen, a driving scene was projected (see Figure 1). A steering wheel (Trust formula 1
race master) was fixed on a table in front of the participant. The table was covered by a
large plain white board to prevent patients from using the edges of the table as a spatial
reference.
Figure 1. Dot pattern as projected within the driving scene.
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Three tracking subtasks were administered:
lane tracking: patients were instructed to use the steering wheel to maintain a position in
the middle of the right lane of the projected road (corresponding with the usual driving
position in the Netherlands). Their simulated speed of 50 km/h, while their position was
continuously disturbed by a low frequency ‘side wind’ signal, composed of three
superimposed sine waves (1/15, 1/7.5, and 1/3.75 Hz), thus simulating dynamic lateral
displacement of the car explained to the subjects as side wind. Patients used their
ipsilesional hand. They were not asked to fixate a single point on the screen, but were
allowed to look ahead freely. During task performance,
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their position on the simulated road was continuously recorded and every 15 sec,
average lateral position (AVLP) and matching standard deviation (SDLP) scores were
computed based on performance in the previous 15 sec. AVLP scores could vary
between -600 (i.e. the left verge) and 200 (i.e. the right verge), with a value of 0
indicating the middle of the right lane. A one minute practice trial was followed by
the actual task, that lasted for two minutes. Thus, eight AVLP and SDLP score pairs
were recorded during single lane tracking.
single detection task (CVRT; see also Van Kessel et al., 2010): in this task, patients had
to detect 36 dot patterns that were projected randomly on three horizontal positions
just above the ‘horizon’ of the projected scene (see Figure 1). Patients did not have
to steer. Pushing buttons on the steering wheel were used for recording omissions
and reaction times. Ipsilesional RTs were recorded as a measure of general attention
and asymmetries in RTs (i.e. differences between contra- and ipsilesional RTs) were
used as a measure of rightward visuospatial bias.
dual task (CVRT-D; see also Van Kessel et al., 2013): in this task, the single lane
tracking and single detection task were combined to create a dual task. Thus, not
only were patients instructed to maintain their position in the middle of the right
lane, but they had to detect dot patterns at the same time. Patients were instructed
to give precedence to keeping track of their position above dot pattern detection.
Since response times for dot pattern detection could vary depending on the working
pace of a patient, the duration of the CVRT and CVRT-D could range from
approximately two to four minutes. Depending on the individual working pace, the
number of recorded AVLP and SDLP pairs in the dual task could vary between six and
seventeen. In addition, ipsilesional RTs and RT asymmetries were recorded.

Behavioural Inattention Task (BIT)
The conventional subtests of the BIT (i.e. line crossing, letter cancellation, star
cancellation, figure and shape copying, line bisection and representational drawing; see
for further details Wilson et al., 1987) were administered to all patients. No time limits
were imposed for the completion of each subtest. The maximum score was 146. Total BIT
scores below 129 are indicative of neglect.
Standing balance: center-of-pressure (CoP)
The degree of lateral postural asymmetry was monitored at a rate of 60 Hz by means of a
dual-plate force platform connected to a personal computer (see also Van Nes et al.,
2004). Patients stood barefoot on the force platform, with their arms alongside their trunk
(if possible) and their feet against a fixed foot frame. Patients performed two tasks:
standing still with eyes open and with eyes closed, both for 30 seconds. Mean CoP scores
were computed from the patients’ lateral deviations from the sagittal midline over both
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tasks, as a measure of weight-bearing asymmetry. A score of -100 indicated that a patient
fully beared his or her weight on the right leg and a score of 100 represented all weight
left. Not all patients were able to perform this task and postural symmetry data could only
be obtained from 18 LH and 17 RH patients.
Barthel Index (BI)
The BI of Activities of Daily Living (Mahoney and Barthel, 1965) measures functional
disability by quantifying a patient’s performance in 10 activities of daily life, including selfcare and mobility. The maximum score of 100 indicates that a patient is fully independent
in physical functioning, and the lowest score of 0 represents a totally dependent bedridden state.
Berg Balance Scale (BBS)
This scale (Berg et al., 1992a/b) was developed to measure balance among older people.
The performance on a number of functional tasks is assessed (for instance moving from a
sitting to a standing position and reaching). Possible scores range from 0-56, with lower
scores indicating higher fall risk.
Motricity Index (MI)
The MI of the lower extremity (Collin and Wade, 1990; Demeurisse et al., 1980) is a rating
scale used to assess motor impairment after stroke. Test items involve muscle strength
and the mobility of joints. A minimum score of 0 indicates severe impairment, a maximum
score of 100 indicates normal performance. Scores of 27 and below indicate severe
hemiparesis/ hemiparalysis.
Data analysis
Tracking performances in both patient groups and in the single and dual conditions were
investigated by means of AVLP and SDLP scores. Moreover, neglect measures, CVRT and
CVRT-D RT data and measures of daily functioning and balance for both patient groups
were compared. Finally, to draw conclusions about the possible role of the SSA in the
performance of dynamic tasks, correlations between AVLP and SDLP scores on the one
hand and measures of neglect, general attention, daily functioning and balance on the
other were investigated.
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Results
Steering performance during lane tracking and CVRT-D
AVLP and SDLP scores for each group in the single and the dual task are shown in Table 2.
Table 2. Summaries of position (AVLP) and oscillation (SDLP) scores per group
LH
RH
N=22
N=21
Single
Dual
Single
Dual
Mean AVLP
-34.23
-64.94
-179.12
-212.72
(SD)
(64.63)
(75.951)
(162.48)
(185.40)
-199.75
Minimum
-216.70
-448.50
-560.31
44.25
25.89
114.50
-4.18
Maximum
16
17
19
21
AVLP < 0 (N)
41.44
53.69
86.93
64.10
Mean SDLP
(SD)
(30.09)
(39.28)
(67.47)
(59.41)
As can be seen, a large part of the LH and almost all RH patients (each of them in the dual
task) tended to drive left of the instructed position, i.e., the middle of the right lane.
Differences between groups for AVLP and SDLP data were analyzed by means of two
Mixed Models analyses with condition (single vs. dual task) as a within subjects factor and
group (LH vs. RH) as a between-subjects factor (N = 22, 21). The procedure used was REML
(Restricted Maximum Likelihood estimators), see Rietveld and Van Hout (2005). For the
covariance structure, we opted for ‘unstructured’.
For the analysis of the AVLP data, the value of the -2 Restricted Log Likelihood
information criterion was 1019,61. A significant group effect indicated that the degree of
leftward deviation was significantly higher in RH than the LH group (F(1,41) = 15.86, p <
.001), but neither a significant condition effect (F(1,41) = 3.89) nor a significant condition *
group interaction (F(1,41) = .01) was observed, indicating that overall, lane tracking
performances remained constant between tasks in both groups.
For the analysis of the SDLP data, the value of the -2 Restricted Log Likelihood
information criterion was 875,86. The difference in oscillation scores between both groups
was significant (F(1,41) = 4.21, p < .05). RH patients generally showed larger oscillations
than the LH group. The condition effect was not significant (F(1,41) = .48), but a significant
condition * group interaction was observed (F(1,41) = 5.47, p < .05). As can be seen in
Table 2, LH patients generally showed an increase in oscillation scores from the single to
the dual task, whereas in the RH patients, SDLP scores were smaller in the CVRT-D than
the single lane tracking task. Finally, it should be noted that AVLP and SDLP scores were
significantly correlated in the LH (r(20) = -.58, p <.01), but not in the RH group (r(19) = -.28)
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Measures of neglect, general attention and daily functioning
In Table 3, LH and RH patients’ RT performances on the CVRT and CVRT-D, BIT scores and
performances on measures of balance and daily functioning are shown .
Table 3. RT data and BIT as well as daily functioning rating scores for both groups
LH
RH
LH vs. RH
N=22
N=21
p (ANOVA)*
RT ipsi single
508.61
503.68
ns.
(SD)
(244.26)
(168.87)
RT ipsi dual
736.01
767.62
ns.
(SD)
(369.93)
(350.57)
RT asymm single
142.37
428.00
< .05
(SD)
(299.17)
(486.60)
RT asymm dual
236.73
691.25
< .01
(SD)
(309.54)
(664.21)
Total BIT score
138.45
131.62
ns.
(SD)
(11.00)
(17.71)
Motricity index
50.20
47.19
ns.
(SD)
(26.67)
(25.90)
Barthel index
10.82
10.05
ns.
(SD)
(3.00)
(3.70)
Standing balance
20.33 (N=18)
11.72 (N=17)
ns.
(SD)
(11.93)
(17.32)
Berg Balance Scale
25.14
25.33
ns.
(SD)
(16.10)
(17.04)
* Level of significance p<.05
In general, test performances did not differ between groups, except for the RT asymmetry
scores in both single and dual tasks. Asymmetries in RT performance were more
pronounced in the RH patients.
Correlations between tracking performance and BIT / RT measures
Two-tailed Pearson correlations were computed between mean AVLP and SDLP scores
over both conditions on the one hand and RT measures in the single and dual task as well
as BIT scores on the other. These correlations are shown in Table 4.

ϵϳ

ϱ

Table 4. Correlations between neglect/attentional measures and tracking performance
Position
Oscillation
(AVLP)
(SDLP)
RT ipsi Single
RH
-.21
-.05
LH
-.07
.71**
RT ipsi Dual
RH
-.16
.08
LH
.45
.63**
RT asymm Single
RH
-.43
.25
LH
-.17
.19
RT asymm Dual
RH
-.47*
.19
LH
-.42
.35
BIT
RH
.23
-.00
LH
.14
-.32
* Level of significance p<.05, ** Level of significance p<.01

As can be seen, in the LH patients, a significant relationship between SDLP and ipsilesional
RTs was present for both the single and the dual detection task, which is indicative of
higher oscillation scores in slower LH patients. On the other hand, in the RH patients, a
significant correlation was observed between AVLP scores and asymmetric RT
performance in the dual detection task. Higher RT asymmetry scores were related to more
drifting to the left in the dual task.
Correlations between tracking performance and balance/mobility measures
Two-tailed Pearson correlations between tracking scores over both conditions on the one
hand and balance/mobility measures on the other for both groups are in Table 5.
Table 5. Correlations between balance/mobility measures and tracking performance
Position
Oscillation
(AVLP)
(SDLP)
Berg Balance Scale
RH
.40
-.17
LH
-.23
-.25
Standing balance
RH (N=17)
-.67**
.30
LH (N=18)
-.12
.39
Barthel Index
RH
.42
-.22
-.00
-.56**
LH
Motricity Index
RH
.18
.09
LH
-.07
-.19
* Level of significance p<.05, ** Level of significance p<.01
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As has been mentioned above (Table 3), levels of motor and daily functioning in both
groups were comparable. Nevertheless, Table 5 shows that patterns of associations of
these measures with lane tracking data differed between groups. RH patients showed
significant correlations between driving position and standing balance, indicating that RH
patients with AVLP scores indicative of drifting to the left, generally tended to bear more
weight on the right leg. In the LH patients, a significant correlation was found between
SDLP and general daily functioning as measured by means of the Barthel Index. Thus,
patients with higher oscillation scores were generally rated as being more dependent.

Discussion
In the present study, lane tracking performance in a driving simulation task was
investigated in patients with subacute RH or LH stroke. It was hypothesized that more
pronounced deviations in lateral position scores as well as increased oscillating
movements during simulated lane tracking would be associated with neglect symptoms,
disturbed balance and daily functioning.
In general, the RH group showed significantly larger leftward deviations during lane
tracking than the LH group, with some RH patients driving on the left verge most of the
time and every single RH patient driving left of the instructed midline in the dual task.
These results suggest that the ipsilesional shift of the SSA is reflected in the AVLP scores.
They are in line with previous findings of leftward deviations in neglect patients with good
walking abilities walking toward a distant point (Huitema et al., 2006) or driving a
wheelchair along a corridor (Turton et al., 2009). Although not all RH patients in the
present study had neglect, a rightward shift of the SSA might have played a role in the
AVLP performance of a considerable part of the RH patients. In these patients, aligning
their perceived body midline either with the depicted end of the road at the horizon or
pushing away from the right verge for establishing correct road positioning could be
expected to result in contralesional drifting. Future research might aim at disentangling
these mechanisms, for instance by monitoring patients’ gaze direction or by manipulating
stimuli that could act as cues for patients’ lateral position, for instance the width of the
road, the ‘end point’ at the horizon or a virtual ‘dashboard’.
The fact that also the LH group showed a small tendency to drive left of the
instructed position (i.e. the exact middle of the right lane) may be related to the fact that
in real life, the drivers’ seat is left of the centre of the car, at least in the Netherlands.
Thus, in order to keep track on the right lane, the natural position of a car driver is slightly
on the left of the middle of the lane.
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Besides AVLP scores that were indicative of contralesional drifting, the RH group also
showed significantly higher RT asymmetries than the LH group in both the CVRT and CVRTD, as had been previously reported (Van Kessel et al., 2013). Moreover, AVLP scores and
asymmetries in RTs were significantly correlated in the CVRT-D. This might reflect a
relationship between a shifted SSA and diminished visuospatial attention toward the
contralesional side, which may both be part of the neglect syndrome. On the other hand,
no significant correlation was found between lane tracking and BIT performance. This
might be due to a difference in the extent to which the BIT appeals to the SSA or regarding
the spatial framework of both tasks (extrapersonal vs. peripersonal space). Moreover, as
was shown in Van Kessel et al. (2010) RT asymmetry scores might be more sensitive to
spatial bias than the BIT, specifically because some patients may be able to compensate
for spatial bias on the BIT.
Furthermore, in the RH group a significant correlation was observed between AVLP
scores and standing balance. Thus, in general, RH patients with AVLP scores indicative of
drifting to the left tended to bear more weight on the right leg. This finding is in
concordance with the observations of Rousseaux et al. (2013 – see Introduction), who
indicated that a shift in the SV could contribute to asymmetric weight bearing after stroke
in general, but that ipsilesional SSA rotation associated with neglect might further add to
these balance disorders.
Not only did RH patients generally show a tendency to drift to the contralesional side, as a
group they also showed larger oscillations (i.e., higher SDLP scores) than the LH group.
Since the RH patients drove on the left halve of the road most of the time, they generally
may have ‘covered’ a larger part of the road while trying to maintain their position.
Moreover, higher SDLP scores might be associated with general slowness and diminished
reaction speed. Namely, the sooner a deviation is detected and a corrective response is
initiated, the smaller the required oscillating movement will be. In concordance, in the LH
patients, a significant correlation between SDLP and ipsilesional RTs (as a measure for
general slowness) was present for both the single and the dual detection task, indicative
of higher oscillation scores in slower LH patients. Although a similar association might
have been expected in the RH patients, this was not the case. In this group a confounding
mechanism might be at work that is also seen in the dual task. Whereas the LH patients
generally showed an increase in oscillation scores from the single to the dual task, in the
RH patients, SDLP scores were generally smaller in the CVRT-D than in the single lane
tracking task. This somewhat counterintuitive result may be explained by the observation
that some RH patients consistently tended to drive on the left verge and maintain that
position during the tracking task. This behaviour may specifically occur in patients with
severe neglect - who probably suffer from both well-known spatial deficits and nonlateralized attention deficits (Husain and Nachev, 2007; Van Kessel et al., 2013) - and
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obviously results in lower SDLP scores. The present results suggest that this pattern is
strengthened in the dual task, in which attentional load is even further increased (Van
Kessel et al., 2013).
Finally, higher oscillation scores were associated with lower levels of general daily
functioning as measured by means of the Barthel Index in LH patients. Thus, LH patients
with higher oscillation scores were generally rated as being more dependent. Although
general slowness might play a role in self-care, lesion severity might be an underlying
factor. In future research, considering lesion data might be very useful.
The present results indicate that the tracking task might be informative as to the presence
of spatial deficits in (mostly RH) stroke patients, specifically indicating a possible
ipsilesional shift in the SSA. With regard to the question if the tracking task could be used
as a predictor of actual driving performance, it should be noted that the lane-tracking task,
CVRT and CVRT-D are both basic tasks that do not address all the complexities of every
day road traffic, but only aim to measure a basic skill intrinsic to locomotion. From that
perspective they are apparently more suitable to predict (motor) wheelchair driving or
walking. The fact that no crossings, turns or traffic are simulated in the CVRT-D might
reduce its ecological validity. On the other hand, as a result of its basic nature, the CVRT-D
may specifically evoke lateral drifting and be very useful to measure patients’ spontaneous
spatial positioning behaviour. Further research will be required to establish the predictive
value of VR performance for real-life functioning, for instance in (wheelchair) driving.
However, the present results suggest that several relations with daily functioning are
present. Moreover, VR provides the opportunity to assess and train patients who are not
able yet to navigate in powered or hand driven wheelchairs and enables therapists to
create highly standardized circumstances in a mobility task. Thus it might be a promising
technique in the diagnosis and treatment of patients with lateral bias.
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Abstract
Visuospatial neglect due to right hemisphere damage, usually a stroke, is a major cause of
disability, impairing the ability to perform a whole range of everyday life activities.
Conventional and long-established methods for the rehabilitation of neglect like visual
scanning training, optokinetic stimulation, or limb activation training have produced
positive results, with varying degrees of generalization to (un)trained tasks, lasting from
several minutes up to various months after training. Nevertheless, some promising novel
approaches to the remediation of left visuospatial neglect have emerged in the last
decade. These new therapy methods can be broadly classified into four categories. First,
non-invasive brain stimulation techniques by means of transcranial magnetic stimulation
(TMS) or transcranial direct current stimulation (tDCS), after a period of mainly diagnostic
utilization, are increasingly applied as neurorehabilitative tools. Second, two classes of
drugs, dopaminergic and noradrenergic, have been investigated for their potential
effectiveness in rehabilitating neglect. Third, prism adaptation treatment has been shown
to improve several neglect symptoms consistently, sometimes during longer periods of
time. Finally, virtual reality technologies hold new opportunities for the development of
effective training techniques for neglect. They provide realistic, rich, and highly
controllable training environments. In this paper the degree of effectiveness and the
evidence gathered to support the therapeutic claims of these new approaches is reviewed
and discussed. The conclusion is that for all these approaches there still is insufficient
unbiased evidence to support their effectiveness. Further neglect rehabilitation research
should focus on the maintenance of therapy results over time, on a more functional
evaluation of treatment effects, on the design and execution of true replication studies
and on the exploration of optimal combinations of treatments.
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Introduction
Visuospatial neglect is defined as an impairment whereby patients do not attend to visual
stimuli or do not explore the visual half-space contralateral to their cerebral lesion
(Heilman et al., 1993). It is usually the consequence of damage to the right hemisphere,
most often due to an ischemic stroke. Visuospatial neglect is a major cause of disability,
impairing the ability to perform a large range of everyday activities. Not eating food on the
left part of the dish, bumping into obstacles on the left side, reading incomplete sentences
in newspapers and ignoring objects on the left side are only a few impairments putting at
risk the independence of stroke patients with left visuospatial neglect. Even without
obvious signs of visuospatial neglect, stroke patients may suffer from subtle signs of
neglect under increased attentional load (Bonato et al., 2010, 2013; Van Kessel et al.,
2013a). Moreover, visuospatial neglect is often associated with other disabling symptoms
like anosognosia and somatoparaphrenia. These co-morbidities may hamper the
treatment of visuospatial neglect (see for example Borghese et al., 2013). Although some
spontaneous recovery might take place until 2 or 3 months after stroke, visuospatial
neglect persists in about one third of the patients (Kerkhoff and Schenk, 2012), leading to
a chronic condition. More precisely, by using intensive serial measurements in the first
months after stroke, Nijboer et al. (2013) were able to follow the exact course of recovery
of visuospatial neglect in a group of 51 patients, using a line bisection and a letter
cancelation test. The results show that after 12–14 weeks the recovery curves, as
measured by a reduction of errors, grow flat, and spontaneous neurological recovery from
neglect becomes invariant. Visuospatial neglect not only impairs patients in various
visuospatial tasks, it is also associated with other consequences of stroke like problems
with postural control, standing balance, and walking (Pérennou, 2006; Van Nes et al.,
2009). It is considered to be a crucial factor influencing rehabilitation outcome, often
leading to poor recovery from stroke (Jehkonen et al., 2006; DiMonaco et al., 2011; Vossel
et al., 2013).
Given these premises, it is obvious that visuospatial neglect has been a target for
rehabilitation since a long time. Starting in the early 1970s many rehabilitation techniques
have been proposed to alleviate and reduce the problems generated by left visuospatial
neglect. In a recent review Luauté et al. (2006a) distinguish and describe18 different
approaches to the rehabilitation of neglect. In the present review we will describe the
studies characterizing four of these approaches that have emerged since approximately a
decade: prism adaptation (PA), virtual reality (VR) training, non-invasive brain stimulation
(NIBS), and pharmacological therapies. Table 1 (see end of this chapter) gives an overview
of these studies (McIntosh et al., 2002, Angeli et al., 2004, Dijkerman et al., 2004, JacquinCourtois et al., 2008, Nijboer et al., 2011, Bauer et al., 2012, Luauté et al., 2012).
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Non-Invasive Brain Stimulation
The use of NIBS to improve impaired cognitive processes in neurologically impaired
patients has recently received much attention (e.g., Miniussi and Vallar, 2011). More
specifically, in neglect research, Transcranial Magnetic Stimulation (TMS) and transcranial
Direct Current Stimulation (tDCS) have been used to ameliorate the symptomatology of
patients with visuospatial disorders. With the aim to improve the duration of the aftereffects of non-invasive stimulation methods, a particular form of TMS called Theta Burst
Stimulation (TBS) has lately been introduced.
In order to understand the different forms of modulation of visuospatial functions by
NIBS it is useful to describe the networks of attention involved in visuospatial neglect and
to clarify the concept of interhemispheric rivalry. Visuospatial neglect is more and more
seen as originating from a disruption of fronto-parietal networks of attention, particularly
those of the right hemisphere (Thiebaut de Schotten et al., 2005; Bartolomeo et al., 2007;
Committeri et al., 2007). Moreover, as proposed by Kinsbourne (1977, 1994), both parietal
cortices also exert reciprocal interhemispheric inhibition. Therefore, injuries to the
parietal areas of the right hemisphere do not only depress the activity of this area, they
also cause disinhibition of the homolog areas of the left hemisphere. This overactivation of
the left hemisphere aggravates the tendency of patients with visuospatial neglect to
attend to the right and to neglect the left side. Empirical evidence for interhemispheric
rivalry stems from the observation of patients with visuospatial neglect and from imaging
research. Vuilleumier et al. (1996) observed a patient who had sequential strokes in both
hemispheres. A first right-sided parieto-occipital infarct resulted in a severe left-sided
neglect. However, about a week later, after a second infarct located in the left frontal
lobe, the neglect symptoms abruptly subsided. In an fMRI study, Corbetta et al. (2005)
noticed that in patients with visuospatial neglect, the intact left hemispheric orienting
mechanism was relatively hyperactive. Recovery from neglect after 39 weeks showed a
strong reactivation in several right hemisphere but also many left hemisphere regions,
with a reduction of the activation imbalance between both hemispheres.
Starting from the idea of interhemispheric rivalry in visuospatial neglect, three noninvasive stimulation methods are basically conceivable: stimulation of the damaged right
hemisphere brain areas, inhibition of the hyperactive intact left hemisphere, or both. Till
now, the majority of NIBS studies targeting visuospatial neglect has been aimed at the
inhibition of the left hemisphere. Oliveri et al. (2001) were the first to apply
contralesional parietal rTMS to five patients with right brain damage and two patients
with left brain damage, all suffering from contralateral visuospatial neglect. rTMS was
given during the presentation of bisected lines. Each transcranial stimulus train consisted
of 10 stimuli delivered at a repetition frequency of 25 Hz during 400 msec. These trains
started simultaneously with the appearance of the bisected lines on a monitor screen.
After presentation, the subjects had to make a forced-decision about the length of the
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two bisected segments of each line with three response possibilities: equal, longer right,
or longer left. To control for unspecific effects of rTMS, sham magnetic stimulation was
intermingled with “real” rTMS trains. The results showed that rTMS of the unaffected
hemisphere transiently decreased the magnitude of visuospatial neglect in both right and
left lesioned patients as represented by wrong judgments, when compared with baseline
(without rTMS) and sham rTMS trials. Two years later, Brighina et al. (2003) applied lowfrequency 1 Hz rTMS trains of 900 pulses in seven sessions over 14 days to three neglect
patients with right brain damage. The pulses were given over the contralesional left
parietal cortex. Visuospatial performance was assessed with the same task as in the Oliveri
et al. (2001) study, namely making length judgments of prebisected lines presented on a
computer screen. Unlike the Oliveri study, in which these judgments had to be given
online, in the Brighina et al., study, the visuospatial line judgment task was administered
four times: 15 days before treatment (T1), at the beginning of the treatment (T2), at the
last day of the treatment (T3), and 15 days after (T4). At T1 and T2, a strong rightward bias
was present in the patients. A significant amelioration of this bias was found after training
(T3) and this improvement was still present 15 days after the end of the treatment (T4).
Other studies with small right brain lesioned patient groups and no control condition,
using low-frequency rTMS inhibiting the left parietal cortex are those of Shindo et al.
(2006), Koch et al. (2008), Song et al. (2009), and Lim et al. (2010). In the Shindo et al.
(2006) study, six sessions of rTMS improved the performance of two right brain-damaged
patients on several subtests of the Behavioral Inattention Test (BIT) up to 6 weeks after
treatment. After a single low-frequency rTMS session, Koch et al. (2008) observed an
improvement in the naming of visual chimeric figures in 12 right brain-damaged patients
and in the Song et al. (2009) trial, two sessions of rTMS per day during 14 days
ameliorated line bisection and line cancelation for up to 14 days after treatment in 7
patients with right brain damage. Lim et al. (2010) gave 1 Hz trains of 900 pulses for 5 days
per week during 2 weeks to seven patients with right brain damage. They found that after
training, line bisection had significantly improved, whereas line cancelation did not show
gains. This dissociation can be explained by assuming that different brain areas underlie
these tasks (see Ellison et al., 2004).
In contrast, one of the rare investigations in which the damaged right hemisphere
was directly stimulated comes from Ko et al. (2008). Fifteen subacute stroke patients with
visuospatial neglect after right hemisphere damage were recruited for this study. The
study was designed as a double-blind, cross-over, sham-controlled experiment. All of the
patients were stimulated with anodal (positive stimulation) and with sham tDCS in a
counterbalanced and randomized order, with a 48-h interval between the two tDCS
sessions. Anodal tDCS applied to the right posterior parietal cortex resulted in significant
improvements of performance in a figure cancelation and a line bisection task
immediately after brain polarization.
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Sparing et al. (2009) tested the idea of interhemispheric rivalry most exhaustively. They
treated 10 patients suffering from left visuospatial neglect with tDCS under the following
conditions: (1) Anodal tDCS of the intact posterior parietal left hemisphere, (2) Cathodal
(inhibiting) tDCS of the same area, (3) Anodal tDCS of the lesioned posterior parietal right
hemisphere, and (4) Sham tDCS of the same hemisphere. The tDCS sessions were carried
out on two separate days, with an intersession interval of at least 3 h and in a
counterbalanced order of conditions across subjects. The authors conclude that both the
inhibitory effect of cathodal tDCS applied over the intact left hemisphere as well as the
facilitatory effect of anodal tDCS over the lesioned right hemisphere reduce symptoms of
visuospatial neglect in a line bisection task but not on the neglect subtest of the TAP
(Zimmermann and Fimm, 1995). Both tasks were administered before, immediately after
and 20 min after the respective tDCS conditions.
Although the effects of rTMS seem to outlast the mere stimulation period, as shown
above, these effects are only transient and their therapeutic benefits seem limited. In
animal research, long-term potentiation (LTP) and long-term depression (LTD) of synaptic
strength have been obtained with TBS. TBS is a high-frequency stimulation that is spaced
at a frequency that mimics the theta wave, a spontaneous 5–7 Hz neural rhythm
(Abraham, 2003).
As a proof-of-principle, Nyffeler et al. (2009) showed that several trains of TBS given
to the left posterior parietal cortex of 11 neglect patient increased the number of
perceived left visual targets for up to 32 h. Recently Koch et al. (2012) have investigated
the efficacy of continuous TBS in 10 sessions over 2 weeks. The TBS trains were again
applied to the left posterior parietal cortex of 18 neglect patients in the subacute stage of
their illness. Scores on the BIT improved by 16.3% immediately after TBS application and
by 22.6% at 1 month follow-up. In a double-blind, sham-controlled experiment, Cazzoli et
al. (2012) applied four TBS trains to the left posterior parietal cortex of 16 neglect patients
over two consecutive days. This resulted in a 37% improvement in the spontaneous
everyday neglect behavior of the patients as measured by the Catherine Bergego Scale.
This improvement was still present at 3 weeks after stimulation. The amelioration in
neglect behavior was accompanied by better performances on several neglect tests. A
control group of eight no-treatment (sham-stimulation) neglect patients did not show any
progress.
Pharmacological Therapies
According to Singh-Curry and Husain (2010), two classes of drugs have been investigated
for their potential therapeutical effects in the rehabilitation of neglect: dopaminergic and
noradrenergic drugs. Dopamine and noradrenaline play essential roles in attention and
thinking. They contribute to maintaining alertness, increasing focus and sustaining
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thought, and cognitive effort. A majority of trials have studied dopaminergic drugs,
whereas noradrenergic compounds have only rarely been investigated.
The modulation of dopaminergic activity through pharmacological agents has
produced mixed results in older as well as in more recent studies. Recent studies include
the use of levodopa (Mukand et al., 2001) and amantadine (Buxbaum et al., 2007).
Significant improvements were found on selected subtests of the BIT (conventional as well
as behavioral subtests) and on the Functional Independence Measure (FIM, Keith et al.,
1987) in three out of four neglect patients, after 1 week of treatment with carbidopa lDOPA (Mukand et al., 2001). A small trial with amantadine administered to four neglect
patients (Buxbaum et al., 2007) was performed using a double-blind, placebo-controlled
design. Care was taken to obtain a stable baseline of performance in the first placebo
phase, in order to make sure that changes in the amantadine administration stage were
not due to random variation. Also, neglect was tested thoroughly with a large array of
tests, a naturalistic action test (NAT, Schwartz et al., 2002) and the FIM. The results
showed that a vast majority of the 17 measures employed showed no improvement. The
most recent study (Gorgoraptis et al., 2012) investigated the effects of the dopamine
agonist rotigotine on visuospatial neglect. The study was set-up as a double-blind,
randomized, placebo-controlled ABA investigation with three phases: baseline, rotigotine
administration, and return to baseline. The duration of each phase was randomized within
limits and 16 neglect patients were included. Outcome measures were visual neglect
tasks, visual working memory tests, selective attention and sustained attention tasks, and
a measure of motor control. The results showed an improvement in visual search while on
rotigotine, with the number of targets found on the left increasing by 12.8% and a spatial
bias reduced by 8.1%, in comparison with being off rotigotine. Improvement in visual
spatial search was associated with an amelioration of selective attention, but not with
alterations in working memory, sustained attention, or motor performance.
Only one trial with noradrenergic medication has recently been performed. Malhotra
et al. (2006) carried out a proof-of-principle trial with guanfacine, a noradrenergic agonist.
Three chronic neglect patients participated in a double-blind cross-over trial and were
tested six times with an extensive battery of paper-and-pencil tests and computerized
tasks tapping spatial exploration. Two test sessions were for baseline purposes, after
which a placebo (two measurements) or guanfacine (two measurements) was given. Two
out of the three patients showed clear improvements in both tasks after the
administration of guanfacine, but not after the placebo intake. Both patients also showed
an improved ability to sustain attention during visual exploration following guanfacine.
The authors attribute the absence of benefit for the third patient to the dorsolateralprefrontal localization of his lesion, because animal research has evidenced that
guanfacine exerts its beneficial effect through this area of the brain.
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Prism Adaptation
In the past decade, various authors investigated the effects of PA (a.o. Frassinetti et al.,
2002; Serino et al., 2007, 2009; Vangkilde and Habekost, 2010 – see Table 1) in neglect, as
introduced in a seminal study by Rossetti et al. (1998). In PA, mostly rightward displacing
prism goggles are used. Patients are asked to point to targets that are placed in front of
them. The leftward compensatory shift in straight ahead pointing that is observed after
removal of the prism goggles (i.e., the negative aftereffect) has been reported to alleviate
neglect symptoms on paper-and-pencil tasks for some minutes after one training session
(Rossetti et al., 1998), although Rousseaux et al. (2006) found no specific effects in a
similar one-session study. PA is thought to create plastic changes in the sensori-motor
system (Luauté et al., 2006b) and realignment of the egocentric coordinate system
(Redding and Wallace, 2006) by means of the spatially remapping of patients’ repeated
pointing movements toward targets while they wear prism glasses, shifting the field of
view to the right. Thus, PA may reduce the ipsilesional rightward bias that characterizes
RH neglect (Rode et al., 2003). For instance, in some uncontrolled trials, changes have
been reported in eye movements (Shiraishi et al., 2008, 2010), global versus local
processing of space (Bultitude et al., 2009) and wheelchair navigating toward left targets
(Watanabe and Amimoto, 2010). However, a clear and unambiguous explanation of the
working mechanism of PA is still lacking (Newport and Schenk, 2012).
Various authors investigated whether short-term ameliorations after PA could be
converted into long-term therapeutic improvement. For instance, in a study by Frassinetti
et al. (2002), seven neglect patients performed a pointing task wearing prismatic lenses in
twice-daily sessions over a period of 2 weeks. Improvements on a series of paper-andpencil and behavioral tests were observed in these patients, but not in six untreated
controls. Training effects in the PA group were maintained till a final measurement 5
weeks after treatment, except in one patient who did not show the adaptation effect and
had an unstable aftereffect. On the other hand, in a randomized trial, Nys et al. (2008)
found greater improvement on paper-and-pencil tasks in acute neglect patients receiving
PA for 4 days in a row when compared to control patients who did not, but this difference
had disappeared after 1 month.
Using protocols of 2 weeks of repeated training sessions, longer lasting effects have
been observed in other studies. For instance, Serino et al. (2009) compared PA to a neutral
pointing control training in two matched groups of neglect patients. After 2 weeks of
neutral pointing, the control group also received PA training. It was observed that
patients’ performances on paper-and-pencil tasks improved after both PA and neutral
pointing, but the improvement was significantly more pronounced after PA. Moreover,
after a second period of training using PA, the control group further improved up to the
level reached by patients in the PA group. Improved performances on paper-and-pencil
tasks were still observed a month after PA training. Mizuno et al. (2011) conducted a RCT,
ϭϭϰ

comparing an experimental group (N = 20) of subacute neglect patients receiving PA
training twice daily for 2 weeks to a control group (N = 18) that received similar training
with neutral glasses. Pre- and post-training measures included the BIT, CBS, and FIM.
Significantly more improvements on the FIM were observed in the PA group and
significantly more improvement of both BIT and FIM in a subgroup with mild neglect
symptoms receiving PA training. Effects lasting up to rehabilitation discharge (ranging
from several weeks till few months after training) were observed. However, in a similar
RCT, Turton et al. (2010) found no differences between 16 post-acute neglect patients
receiving a 2-week PA training and 18 patients receiving placebo treatment (i.e., wearing
flat plain glasses) on neither self-care nor BIT performance, although both groups
performed better after training than before.
In a study performed by Fortis et al. (2010), a comparison was made between a
control condition consisting of a classic adaptation method (i.e., repeated pointing;
Frassinetti et al., 2002) and an experimental adaptation method, involving ecological
visuomotor activities. These were tasks like collecting coins, assembling puzzles, threading
a necklace, and serving a cup of tea. Ten RH neglect patients were alternately assigned
either to a program of 1 week of experimental followed by 1 week of control training or
vice versa. Assessment tasks were administered at 1 week before treatment, at the
beginning and ending of each treatment week and 1, 2, and 3 months after the end of
treatment. Patients in both groups showed equal improvements after training on various
neglect measures, the CBS and FIM. No relationship was found between neglect recovery
and duration and disease.
Finally, PA has also been investigated in addition to other treatment methods, for
instance neck muscle vibration. Saevarsson et al. (2010) applied neck muscle vibration in
two groups of six RH neglect patients that were semi-randomly assigned to one of two
conditions. Patients in both conditions received neck muscle vibration during a 20-min
session. The experimental group received neck muscle vibration combined with PA for the
same amount of time. Patients in both groups showed improved performance on a visual
search task after treatment, but the patients that underwent the combined intervention
showed clear improvements on visual search paper-and-pencil neglect tests that were not
present in the group that only received neck vibration.
Various reviews on PA as a treatment method for neglect have been published
recently (specifically Barrett et al., 2012; Newport and Schenk, 2012; Jacquin-Courtois et
al., 2013). In each of these reviews, it is concluded that PA might be an effective therapy
for patients with neglect. However, Barrett et al. (2012) emphasize that PA is not yet
ready for broad administration in stroke rehabilitation and that it might be applied
specifically for subgroups of patients presenting with motor-intentional “aiming” deficits.
Newport and Schenk (2012) conclude that PA is only effective if training consists of 10 or
more PA sessions. They argue that PA thus has become more and more similar to other,
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more traditional forms of neglect rehabilitation and might not fulfill initial promises. The
authors stress the need for more research into the working mechanism of PA as well as
the direct comparison with other rehabilitation techniques and more thorough
investigation of ecologically relevant and long-term effects (see Shiraishi et al., 2010 for an
exception: these authors performed a long-time follow-up using ecological measures).
Fortis et al. (2010), based on the lack of a relationship between improvements after PA
and duration of disease in their study, suggest that the treatment should be started as
soon as clinically feasible and that the issue of post stroke intervals should be further
explored. Finally, Jacquin-Courtois et al. (2013), despite some warnings about an ideal
regime remaining to be defined more exactly, provide some practical guidelines for prism
use in clinical practice. For instance, they recommend that 10–20 training sessions
consisting of at least 60 pointing movements using sufficiently strong goggles (inducing at
least 10° of visual displacement; see also Mancuso et al., 2012) are applied and that
training only be given to patients showing a sufficient amount of aftereffect. Also, they
indicate that the combination of techniques might provide future challenges as well as
promises in neglect rehabilitation.
Virtual Reality
Virtual reality has been defined as “an advanced form of human-computer interface that
allows the user to ‘interact with’ and become ‘immersed in’ a computer-generated
environment in a naturalistic fashion” (Laver et al., 2011). In stroke rehabilitation, VR
techniques have been evaluated predominantly in studies designed to improve motor
function rather than cognitive function or activity performance. For instance, in their
recent Cochrane review on the use of VR in rehabilitation, Laver et al. (2011) found limited
evidence that the use of VR and interactive video gaming may be beneficial in improving
arm function and ADL function when compared with the same dose of conventional
therapy. They indicate that it is unclear at present which characteristics of VR are most
important and that it is unknown whether effects can be sustained in the longer term.
In neglect patients, VR has been recently applied both for diagnostic purposes
(Broeren et al., 2007; Buxbaum et al., 2008, 2012; Jannink et al., 2009; Kim et al., 2010;
Van Kessel et al., 2010, 2013a; Fordell et al., 2011; Peskine et al., 2011; Dvorkin et al.,
2012) and as a rehabilitation tool (Webster et al., 2001; Castiello et al., 2004; Katz et al.,
2005; Ansuini et al., 2006; Kim et al., 2007, 2011; Smith et al., 2007; Sedda et al., 2012;
Van Kessel et al., 2013b). In their review on the use of VR in the assessment and treatment
of neglect, Tsirlin et al. (2009) argue that an important benefit of VR technologies is that
they provide rich and realistic environments with a high level of control over their
parameters and thus allow for training in a safe and cost effective way.
As a rehabilitation tool in neglect, VR has for instance been used to simulate grasping in
space using a hand-motion tracking device (Castiello et al., 2004; Ansuini et al., 2006). In
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the VR tasks, dissociations were induced between real and simulated locations of stimuli,
thus distorting the patients’ representation of space. The authors argue that this might
lead to the formation of novel neural circuitry governing visuo-proprioceptive integration,
bearing resemblance to the effects of PA. Also Sedda et al. (2012), in a case study training
a patient using a VR searching and grasping task, suggest that specific cognitive
rehabilitation using VR may favor plastic reorganization of the brain.
In four case studies, Smith et al. (2007) had patients with mild neglect play computer
games using a device translating the subjects’ movements into the movements of an
avatar on the screen. They report small improvements on paper-and-pencil tasks after six
weekly training sessions. More recently, Kim et al. (2011) trained 24 RH neglect patients
who were randomly assigned to either a VR group or a control group. The VR group
received training involving playing interactive computer games wearing a glove which
registrated their movements, the control group received conventional neglect therapy
(i.e., reading, drawing, making puzzles). Both groups received therapy for 30 min a day, 5
days a week for 3 weeks. Differences in test scores between the start and end of training
were significantly higher in the experimental group for two out of four measures (paperand-pencil tasks and rating scales) that were used. The authors suggest that VR training
may have a beneficial effect on unilateral spatial neglect after stroke.
Virtual reality has been applied to train patients to voluntarily compensate for their
disorder in specific daily life situations. For instance, better performance on a real-life
wheelchair obstacle course and less falling and accidents were reported in 20 neglect
patients who received training by means of a desktop computer program involving
sustained attention tasks and simulated wheelchair obstacle courses, compared to 20
untrained control patients with neglect (Webster et al., 2001). Katz et al. (2005) used a 12
session computer desktop-based training in which patients were required to press a
button the moment they thought it safe to cross a virtual street. A group of 11 trained
subjects improved more than eight controls on the practiced task and looked to the left
more often in real street crossing after training, whilst performances on paper-and-pencil
tasks did not differ between groups. In a preliminary study using a head-mounted device
simulating crossing a street, Kim et al. (2007) found more symmetrical performance on the
practiced task in 10 neglect patients after an unspecified number of training sessions,
lasting till 3-month follow-up. Sedda et al. (2012), in a case study training a patient using a
VR searching and grasping task, found significant amelioration on neuropsychological tests
and self-reports of daily functioning. The authors suggest that specific cognitive
rehabilitation using VR may favor plastic reorganization of the brain.
On the other hand, Akinwuntan et al. (2010) observed no differences between two groups
of stroke patients with and without neglect participating in a large RCT (N = 69), receiving
either simulator-based driving-related training or non-computer-based cognitive training
for 15 h over 5 weeks. In fact, both groups showed significant but similar improvement in
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performance on a test of driving-related visual attention skills after training and benefits
lasted up to 6 months after stroke. Van Kessel et al. (2013b) conducted a study in which
visual scanning training (based on Pizzamiglio et al., 1990, 1992) was compared to an
experimental condition consisting of a combination of visual scanning training and a VR
driving simulator task. Twenty-nine subacute right hemisphere stroke patients were semirandomly assigned to one of both conditions. On various neglect and driving simulator
tasks, significant improvements after training were observed in both groups taken
together, but no differences between groups were found. Thus, despite some promising
results, no convincing evidence for the effectiveness of VR training has been reported till
now.

Conclusion
The last decade has seen the emergence of four new treatment approaches in neglect
rehabilitation: NIBS, pharmacological therapies, PA, and VR training have made their way
through older and well-established treatment methods like visual scanning training and
limb activation training. In the present review, a broad overview is given of the studies
undertaken since the last decade to evaluate the effectivity of these new approaches in
visuospatial neglect rehabilitation. A limitation of this survey is its non-systematic
character, insofar as we did not include a scoring of the levels of evidence based on the
used methodology. Therefore, it may contain a selection bias. Also, no meta-analyses of
aggregated data are presented. Still, we believe that some conclusions may be drawn
from the reported studies.
In general, the benefits of the new neglect rehabilitation techniques seem to be
significant and may last for variable periods of time. In some cases the effects are still
present after 2 months, especially when multiple training sessions have been applied.
Unfortunately, in the majority of studies no long-term measurements have been
performed. Moreover, visuospatial neglect is not an isolated symptom, but is often
associated with symptoms like anosognosia, hemiparesis, or somatoparaphrenia. The
absence of evaluation of these symptoms is clearly a limitation of the studies reviewed in
the present paper. And lastly, the small sample sizes, the regular absence of control
conditions and the explorative character of several studies restrict the reliability of their
conclusions. So, despite encouraging results yielded by these new approaches Kerkhoff
and Schenk’s (2012) statement that “the initial hope for a quick cure for neglect after only
one or a handful of treatment sessions has turned out to be unrealistic” still sounds true.
We think that the studies that we have reviewed are often proof-of-principle studies into
new approaches in neglect rehabilitation. Therefore, much more research is needed in
which several issues will have to be taken into account.
ϭϭϴ

First, there is the point of generalization in time. Most studies have shown positive
effects, but only for a limited time-window. In future studies it would be desirable to
extend effect measurements up to 6 months after treatment, in order to establish the
longer-term effects of the different treatments. TBS seems a promising candidate for LTP
or depotentiation of synaptic plastic changes in patients with visuospatial neglect. More in
general, one of the problems with novel treatments is also that they could be diversely
effective depending on the time of treatment. Most studies do not consider this variable.
A hypothesis might be that treatments stimulating an active participation by the patient
might also favor brain plasticity, but only be feasible in the chronic stage of the illness or in
patients with more subtle neglect. Therefore, bottom-up techniques like drug treatments,
PA, and NIBS (when no active tasks are used) might be more fitting in the acute stage,
whereas VR treatments requiring an active (top-down) participation could be more useful
in the chronic stage.
Second, there is the issue of measurement instruments. In the majority of studies,
therapy effects are measured with neuropsychological tests. Only exceptionally, the
efficacy of a treatment is also assessed on daily life neglect behavior. A more frequent use
of instruments like the Catherine Bergego Scale (Azouvi et al., 2003) or the functional
evaluation of neglect with a Semistructured Scale (Zoccolotti and Judica, 1991) is needed
to evaluate the impact of treatment on the daily life neglect behavior of patients. This also
applies to the above mentioned issue of subtle neglect revealed by increasing attentional
load. Most studies use tests (e.g., paper-and-pencil) that are too coarse to identify these
subtle forms of neglect and so these patients are not included in trials of neglect
rehabilitation.
Third, true replication studies are needed. Within the approaches that we have
reviewed, the difficulty was to make a true comparison between studies, due to
differences in methodology, design, and patient populations. Although replication studies
may seem less appealing, they are sorely needed in a field were much things are novel and
risk to remain novel. Also, the number of studies that directly compare the effects of
different training methods is very limited. Recently, Priftis et al. (2013) made an attempt
to compare visual scanning training, limb activation training, and PA. Thirty-three neglect
patients were quasi-randomly assigned one of these three training methods. All patients
received 20 training sessions (two daily sessions during 2 weeks). Improvements on tests
assessing the peripersonal space in everyday life activities were observed over the three
conditions. However, no different treatment effects were observed between groups. Thus,
the authors suggest that all three treatments might be considered as valid rehabilitation
methods for neglect. We recommend that more studies investigating the differential
effects of various training techniques are conducted.
Finally, Kerkhoff and Schenk’s (2012) suggestion, that the true challenge will be to
find the best combination of treatments for a given patient in order to maximize benefits,
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has not lost its strength. Likewise, Saevarsson et al. (2011) argue that combining various
therapeutic techniques might be worthwhile, because of the heterogeneity of the neglect
syndrome. A good mixture of treatment ingredients would be largely facilitated by more
fundamental knowledge about the mechanisms of visuospatial neglect and research into
these mechanisms should continue with the same intensity in the future. This knowledge
might facilitate the choice of treatments suitable for individual patients.

ϭϮϬ
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N=2 RH
6
patients with months
visual
neglect

E: N=10 RH
neglect
patients
C: N=5 RH
non-neglect
patients

Shindo et Within
al., 2006 subjects
design

Control
group
design

Control
group
design

Koch et
al., 2008

Song et
al.,2009

E: N=7 RH
15 dayspatients
2
with neglect months
C: N=7 RH
patients with
neglect

1-6
months

N= 3 RH
3-5
patients with months
visual
neglect,

Within
subjects
design

Brighina
et al.,
2003

N=7, 5 RH
and 2 LH
patients with
visual
neglect

Post
onset
1-24
weeks

Within
subjects
design

Patients

Oliveri et
al., 2001

Design

Non-invasive brain stimulation

Conventional
rehablitation

Same
stimulation
as E group

No
treatment
period

Control
condition
Sham rTMS

Conventional
rehabilitation + left
posterior parietal
cortex rTMS trains
of 450 pulses, 0.5
Hz, 2 sessions per
day for 2 weeks

rTMS posterior
parietal cortex,
trains of 600
pulses, 1 Hz, 1
session

Experimental
condition
rTMS parietal
cortex of the
unaffected
hemisphere, trains
of 10 pulses, 25 Hz,
duration 400 ms
rTMS left posterior
parietal cortex,
trains of 900 pulses,
1 Hz, 7 sessions
over 2 weeks
rTMS left posterior
parietal cortex,
trains of 900 pulses,
0.9 Hz, 6 sessions
over 2 weeks
Online

Measurements

T1: 15 days before
treatment, T2: start of
treatment, T3: end of the
treatment, T4: 15 days
after treatment
Behavioral
T1: 2 weeks before
Inattention Test
treatment, T2: day before
(conventional and first session, T3: day after
behavioral parts) first session, T4: 2 weeks
after last session, T5: 4
weeks after last session,
T6: 6 weeks after last
session
Amplitude of
MEPs before and 1 minute
Motor Evoked
after stimulation, chimeric
Potentials
objects before and after
produced by a
stimulation
test pulse over
left motor cortex
(M1), naming of
chimeric objects
Line bisection and T1: 2 weeks before
line cancellation treatment, T2: beginning
of treatment, T3: end of
treatment, T4: 2 weeks
after treatment

Judgment of
prebisected lines,
clock drawing,
line bisection

Outcome
measures
Judgment of
prebisected lines

6 weeks after last
rTMS session
scores were still
higher than at
baseline (not
statistically
tested)

Improvement still
present after 15
days.

Long-term results

Improvement of visual
Improvement still
spatial neglect in the E
present after 2
group , not in the C group. weeks in E group.
Comparison of groups
showed only posttreatment difference on the
cancellation task.

Significantly better naming
of chimeric objects after
stimulation in the neglect
group, reduced
hyperexcitability upon the
left posterior parietal -M1
cortex

Better scores on BIT tests
(conventional and
behavioral), not statistically
tested

Significant improvement of
visuospatial performance
(line judgment, clock
drawing and line bisection)

Transient decrease of the
magnitude of neglect, as
expressed in the number of
judgment errors.

Results

Table 1: Summary of neglect rehabilitation studies on non-invasive brain stimulation, prism adaptation and virtual reality currently available

Within
subjects
design,
doubleblind,
crossover,
sham
controlled
Sparing et Within
al., 2010 subjects
design,
order of
stimulation
counterbalanced
across
subjects
Nyffeler
Mixed
et al.,
design
2009
(partially
within
subjects,
partially
between
subjects)

Ko et al.,
2008

Lim et al., Control
2010
group
design

Design

Post
onset
9-470
days

1. 2 sham
TBS trains
over intact
LH
2. No
intervention

N=11 RH
neglect
patient

0.4 to
36.1
months

Sham
stimulation
in the
lesioned
right
hemisphere

1 session of
sham
stimulation
of 2.0 mA for
10 seconds,
then current
turned off

Control
condition
Behavioral
therapy
(standardize
d, e.g. visual
scanning +
feedback)

N=10 RH
2.9 to
6.4
stroke
patients with months
neglect

E: N=7 RH
stroke
patients with
neglect
C: N=7 RH
stroke
patients with
neglect
N=15 RH
29 to 99
stroke
days
patients with
neglect

Patients

1.tDCS anodal
intact left
hemisphere
2. tDCS cathodal
intact left
hemisphere
3. tDCS anodal
lesioned RH
4. Sham lesioned
RH (C condition)
1. 2 TBS trains of
801 pulses
delivered in 267
bursts over intact
LH. Each burst
contained 3 pulses
at 30 Hz, total
duration 44s
2. 4 TBS trains

1 session of right
posterior parietal
cortex anodal tDCS
of 2.0 mA for 20
min

Experimental
condition
Behavioral therapy
+ rTMS trains of
900 pulses, 1 Hz, 5
days per week for 2
weeks

Directly before, 1 hour
after, 8 hours after (2 TBS
trains), 32 hours after (4
TBS trains), 96 hours after
(4 TBS trains)

Subtask of the
Vienna Test
System, measures
peripheral visual
attention during
simultaneous
central tracking

2 TBS trains increased nr.
of perceived left visual
targets and decreased
reaction time significantly
after 1 hour
4 TBS trains had the same
effect

Significant effects of tDCS
cathodal in intact left
hemisphere and anodal
tDCS in lesioned right
hemisphere on line
bisection task performance,
not on TAP neglect subtest

Directly before and after
each stimulation session

TAP subtest
neglect, line
bisection

Improvement in line
bisection greater in E than C
group. This was not the
case for line cancellation.

T1: 1 day before
interventions
T2: 1 day after last rTMS
session

Improvement in line
bisection and shapeunstructured cancellation,
not in letter-structured
cancellation.

Results

Measurements

Before and immediately
after tDCS and sham
stimulation

Line bisection,
shapeunstructured
cancellation test,
letter-structured
cancellation test

Outcome
measures
Line bisection test
(Schenkenberg)
and line
cancellation
(Albert test)

ϲ

Both effects of 2
TBS trains lasted
for 8 hours
Both effects of 4
TBS trains lasted
for 32 hours, but
had disappeared
after 96 hours

Long-term results

E: N= 9 RH
ischemic
stroke
patients with
neglect
C: N= 9 RH
ischemic
stroke
patients with
neglect

E1: N=8 RH
stroke
patients with
neglect
E2: : N=8 RH
stroke
patients with
neglect
C: N=8 RH
stroke
patients with
neglect

Cazzoli et Control
al., 2012 group
design:
randomiz
ed,
doubleblind,
shamcontrolled
study.

Patients

Control
group
design:
randomiz
ed,
doubleblind,
shamcontrolled
study.

Koch et
al., 2012

Design

Mean
26.63
days (SE
of mean
4.44
days)

Post
onset
Subacute

Control
condition
Conventional
therapy:
computerized visual
scanning
training +
sham cTBS
on left
posterior
parietal
cortex
Conventional
visuospatial
exploration
training 1
hour per day
E1:Conventional
spatial exploration
training 1h/day,
cTBS then sham
E2:conventional
spatial exploration
training 1h/day,
sham then cTBS
(TBS: 801 pulses
delivered in 267
bursts over intact
LH. Each burst
contained
3 pulses at 30 Hz,
total duration 44s.
In total 8 trains of
cTBS were applied
over 2 days)

Experimental
condition
Conventional
neglect training +
cTBS on left
posterior parietal
cortex consisting of
3 pulse bursts at 50
Hz every 200 msec
for 40s, twice daily
for 10 days (two
weeks)

1. Vienna Test
System measures
peripheral visual
attention during
simultaneous
central tracking
2.Catherine
Bergego Scale
(neglect in ADLactivities)
3. Several paperand –pencil
neglect tasks

Outcome
measures
1.Behavioral
Inattention Test
total score
(conventional +
behavioral)
2. MEP to assess
connections
between left PPC
and primary
motor cortex
(M1)
T1: baseline
T2: after cTBS (group E1),
after sham (group E2)
T3: after sham (group E1),
after cTBS (group E2)
T4: one week after T3
T5: two weeks after T3
(only group E2)

T1: 1 hour before first
session of stimulation
T2: Monday following 2
weeks of stimulation
T3: 4 weeks after
beginning of stimulation

Measurements

1.In both E groups neglect
on the Vienna subtask was
significantly reduced after
cTBS, not after sham
stimulation. No- treatment
group: no reduction of
neglect.
2.In both E groups neglect
on the Catherine Bergego
Scale was significantly
reduced after cTBS, not
after sham stimulation.
Mean improvement was
37%. No- treatment group:
no reduction of neglect.
3.Paper-and-pencil tests:
improvements after cTBS,
not post sham. Notreatment produced no
reduction of neglect.

1.E group: improved
neglect scores by 16,3 %,
sham C group not.
2. Excitability of PPC-M1
connection reduced
following real but not sham
cTBS

Results

1.Improvement of
22.6% in neglect
scores after 4
weeks in E group,
no improvement
in sham C group.
2. Excitability of
PPC=M1
connection stil
reduced in real
cTBS group, not in
sham group
1. Omitted targets
in Vienna subtask
still significantly
reduced at T4 in
both E1 and E2
groups and at T5
(group E2 only)
2. Reduction of
neglect in
Catherine Bergego
Scale still present
at T4 in both E1
and E2 groups at
T4 and T5 (group
E2 only)
3. Same results as
1 and 2 for paperand-pencil tests

Long-term results

N=1 RH
neglect
patient

Single
case
study

Control
group
design

within
subjects
design

Dijkerman et
al., 2004

Angeli,
2004

Rousseaux et
al., 2006

Control
condition

3
months

9
months

3-27
months

one pointing
session wearing
prismatic glasses

Experimental
condition

one pointing
session
wearing flat
glasses

2 pointing sessions
(1 week in
between); neutral
and prism lenses in
randomized order

one pointing
session wearing
prismatic glasses

two single pointing
sessions wearing
prismatic lenses
(3 weeks between
sessions)

three weekly
pointing sessions
wearing prismatic
lenses

no treatment 20 min pointing
task wearing
prismatic lenses in
twice-daily sessions
over a period of 2
weeks (a total of 20
sessions)

3 weeks- one pointing
14
session
months wearing flat
glasses

Post
onset

E: N=8 RH
neglect
patients
C: N=5 RH
neglect
patients
N=10 neglect 17 to
patients,
102 days
N=8 matched
healthy
controls

N=1 RH
neglect
patient

E: N=6 RH
neglect
patients
C: N=6 RH
neglect
patients
C patients C: N=6
recruited neglect
from one patients
hospital, E: N=7
E patients neglect
patients
from
another

Control
group
design

Patients

McIntosh Single
case
et al.,
study
2002

Frassinetti et
al., 2002

Rossetti
et al.,
1998

Design

Prism adaptation
Measurements

reading, bells
test, line
bisection,
drawing

eye movements
in reading tasks

cancellation,
copying, drawing
and bisection,
haptic circle
centring task
BIT subtests,
pressure
sensitivity,
passive finger
position sense

Significantly better
performance directly after
training and after two hours
in the E but not the C group

Results

Improvements of
neglect dyslexia, left-sided
exploration and amplitude
of the first left-sided
saccade in the E but not the
C group.
Improvement in late
sessions, no specific effect
of prisms.

directly before and after
the PA session

baseline, 1 hour pre-PA; 5
minutes, 3 hours, 1 day
and 3 days after PA

improvements in pressure
sensitivity and
proprioception were
observed directly after PA.

3x baseline (once a week);
30 minutes, 1 and 3 weeks
after first PA; 30 minutes
after second PA

improvements in the E, but
not the C condition on
paper-and-pencil tasks,
room description and
objects reaching, except in
one E patient who did not
show post-adaptation aftereffect
Pre-test, 2 hours after first improvements were
PA, immediately after PA obtained on most tests
session 2, 2 hours after PA except reading
session 3

cancellation tests, before treatment, 2 days,
reading, Fluff
one week and five weeks
test, room
after treatment
description,
objects reaching,
Motricity Index

line bisection, line directly before and after
cancellation,
the pointing sessions and
copying, drawing, after two hours
reading

Outcome
measures

ϲ

Significantly
improved
performance for
position sense
three weeks after
PA

training effects in
the E group were
maintained five
weeks after
treatment

Long-term results

follow-up N=5 neglect
assessme patients
nt for
Shiraishi
et al.,
2008

Shiraishi
et al.,
2010

Nys et al., RCT
2008

within
subjects
design

Shiraishi
et al.,
2008

C: N=6
neglect
patients
E: N=10
neglect
patients

N=7 neglect
patients

control
N= 21
group
neglect
design;
patients
pts
divided
according
to aftereffect
during
one week
of
training

Patients

Serino et
al., 2007

Design

2-23
days

14 - 84
months

12 - 84
months

Post
onset
3-96
months

8-week (total:
mean 28 hours)
intervention using
prismatic glasses,
performing various
activities
see above

Experimental
condition
20 min pointing
task wearing
prismatic lenses in
daily sessions over
a period of 2 weeks
(total of 10
sessions)

placebo for
PA for four days in
four days in a a row
row

Control
condition

Measurements

Results

line bisection,
immediately before and after each
E patients improved faster
letter
treatment session and after 1 month on spatial tasks
cancellation,
scene copying;
after one month:
BIT and Barthel

before treatment, 1 week, amelioration on
1 month, 3 months and 6 conventional and
months after treatment
behavioural tasks and for
neglect dyslexia, exploration
of personal space,
oculomotor responses and
tactile attention but not
proprioceptive sensitivity
and motor functions.
Patients showing poor
prism adaptation effects
during the first week of PA
also showed less
amelioration of neglect.
eye movements, before, immediately after, more eye movements on
bias in center of
1 day and 4 weeks after
the neglected side, center
gravity in the
treatment
of gravity moved to the left
standing position,
and forward, rCBF increase
regional cerebral
blood flow
see above, +:
2-3,5 years after
cancellation
treatment
tasks; Barthel
Index; Lawton’s
IADL scale; ADL
interview

Outcome
measures
cancellation tests,
reading, Fluff
test, room
description,
objects reaching,
Motricity Index,
tactile extinction
test,proprioceptiv
e scale

eye movement
and center of
gravity stable;
improvement in
cancellation and
line bisection. All
pts improved in
ADL. Two subjects
could return to
work.
No differences
between groups
at one month
post-treatment.

effects up to 6
weeks after
treatment

Improved
performances
were generally
observed till 6
months after
training

Long-term results

5-38
days

mean 46 daily pointing
days
sessions for
two weeks,
neutral
glasses

C: N=18
neglect pts
E: N=16
neglect
patients

prospective
cohort
study
control
group
design

three testing
sessions on
one day: no
treatment,
sham PA, PA

Watanab
e&
Animoto,
2010
Turton et
al., 2010

3
months

N=1 patient
with LH
neglect
N=8 healthy
matched
controls
N=10 neglect
patients

8 hours of
general
cognitive
rehabilitation

20 min
pointing task
wearing
neutral
lenses (10
sessions)

case
study,
multiple
baseline

1-60
months

Control
condition

Bultitude
et al.,
2010

C: N=10
neglect
patients
E: N=10
neglect
patients

Post
onset
>3
months

E: N=6 RH
6-138
neglect
months
patients
C: N=5 RH
neglect patie
nts

pseudorandomly,
C group
received E
training
after two
weeks of
C training

Serino et
al., 2009

N=1 RH
neglect
patient

Patients

Vangkilde control
et al.,
group
2010
design;
pseudorandomly

single
case
study

JacquinCourtois
et al.,
2008

Design

directly before
and after PA

line bisection,
star and letter
cancellation,
BakingTray,
copying figures,
Cupboard test,
subjective
questionnaire
day 1 , 2, 2, 6, 7,
7, 8, 18

Outcome
measures
pointing straightahead, line
cancellation
test,line bisection
task and wheelchair driving
BIT, Bells test,
reading

daily pointing
four days and
sessions for two
eight weeks after
weeks (10 sessions) treatment
wearing prism
glasses

one PA session

eight testing
sessions; sham
treatment (day 2)
and prism
treatment (day 7)

15 min pointing
task wearing
prismatic lenses in
twice-daily sessions
over a period of 2
weeks (a total of 20
sessions)

20 min pointing
task wearing
prismatic lenses in
daily sessions over
a period of 2 weeks
(a total of 10
sessions)

Experimental
condition
one PA session

ϲ

improvement of wheelchair driving aswell as of
classical tests, partly
diminishing after 48-96
hours

3 days and just before
intervention; directly after
prism removal and 1h,
24h, 48h, 72h, 96h later

Behavioral Inattention
Test, Catherine Bergego
Scale

wheelchair navigating

line bisection

no differences between
groups, although both
groups performed better
after training than before

PA aftereffects in all
participants; 5%
improvement on the
bisection task in the patient
with a tendency to return to
baseline 11 days later
improvement on both tasks
after PA

before treatment, 1 week paper-and-pencil tasks
after each treatment and improved after both E and C
1 month after E treatment training, but improvement
was significantly more
pronounced after E
treatment. After E training,
the C group further
improved up to the level
reached by the E group.
baseline, shortly after
Improvements in the E
training, and five weeks
compared to the C group
later
were observed on three out
of five paper-and-pencil
tests, the cupboard test and
the subjective questionnaire

Results

Measurements

no differences
between groups

Ameliorated
results remained
stable till 5 weeks
after training

Improved
performances on
paper-and-pencil
tasks were still
observed a month
after PA training.

Long-term results

N=10 RH
neglect
patients

Patients

within
subjects
design

Nijboer et single
al., 2011 case
study
Mancuso RCT
et al.,
2012

Fortis et
al., 2011

N=1 RH
neglect
patient
N=29 RH
neglect
patients

N=5 RH
neglect
patients

C: N=6
neglect
patients
E: N=6
neglect
patients
Mizuno et multicent E: N=20
al., 2011 er,
neglect
doublepatients
masked
C: N=18
RCT
neglect
patients

crossover;
both
control
and E
training in
random
order
Saevarsso semin et al.,
randomly
2010

Fortis et
al., 2010

Design

neck muscle
vibration
during
twenty
minutes

Control
condition
repeated
pointing
wearing
prisms

pointing exercises
wearing 5˚
prismatic lenses for
5 sessions of 30
minutes during one
week

acute

two prism
adaptation sessions
on consecutive
days
daily PA during
three months

pointing
exercises
wearing
neutral
lenses for 5
sessions of
30 minutes;
one week

before and after
treatment

Outcome
measures
1 week before
treatment,
beginning and
ending of each
treatment week;
1, 2, 3 months
after treatment

line bisection via
screen; 'where'
vs. 'aiming'
conditions by
mirroring
perimetry, BIT
line bisection and
star cancellation,
visuospatial tests

repetitive pointing study entry, just
twice daily for two after intervention
weeks (20 sessions) and at discharge
wearing prism
glasses

Experimental
condition
ecological
visuomotor
activitieswearing
prisms: collecting
coins, assembling
puzzles, threading a
necklace and
serving tea
neck muscle
vibration combined
with PA during
twenty minutes

6 years

mean 65 repetitive
days
pointing
twice daily
for two
weeks (20
sessions),
neutral
glasses
2-5
weeks

3-57
months

Post
onset
1-10
months

start of prism adaptation;
immediately, 3, 6 and 24
months after PA
before and after
intervention

before and after the two
days of prism adaptation

Behavioral Inattention
Test, Catherine Bergego
Scale, Functional
Independence Measure

computerized visual
search task,
standard neglect tests

cancellation, reading, and
drawing tasks, CBS and
FIM

Measurements

Long-term results

improvements on al
measurements were
observed after PA
improvement within the
two groups; however, the
prismatic lenses of only five
degrees did not contribute
to the variation in
performance

significant improvement in
'aiming' spatial bias, with no
effect on 'where' spatial
bias

more improvements on the
FIM were observed in the E
group and more
improvement of both BIT
and FIM in a E subgroup
with mild neglect

both groups showed
improved visual search, but
E patients showed also clear
improvements on paper and
pencil neglect tests
Effects lasting up
to discharge
(several weeks till
few months after
training)

Patients in both groups
Recovery after
showed equal
the first week,
improvements after training continued in the
second week, and
stable at 3
months follow-up

Results

casecontrol
study

within
subjects
design

RCT

Webster
et al.,
2001

Castiello
et al.,
2004

Katz et
al., 2005

Design

Virtual reality

Luauté et within
al., 2012 subjects
design;
single
session

E: N=11 RH
neglect
patients
C: N=8 RH
neglect
patients

C: N=20 RH
neglect
patients
N=6 RH
neglect
patients
N=6 healthy
controls

E: N=20 RH
neglect
patients

Patients

N=5 RH
neglect
patients
N= 6 healthy
controls

6-8
weeks

56-66
days

12 sessions
computerized visual
scanning
training
during 4
weeks

Post
Control
onset
condition
mean
no training
166 days

1 -2.5
months

Experimental
condition
12 to 20 sessions of
about 45 minutes;
computerized
detection tasks,
simulated
wheelchair obstacle
courses
3 sessions on 1 day;
reaching and
grasping wearing a
motion-tracking
glove, while
observing a virtual
hand grasping a
virtual object
12 sessions of VR
computer desktopbased training
during four weeks;
pressing a button
when they thought
it safe to cross a
virtual street

single session of
exposing simple
manual pointing to
left-deviating
prisms

better performance on a
real-life wheelchair obstacle
course and less falling and
accidents were reported in
the E group compared to
the C group after training
neglect patients showed a
significant increase in the
percentage of correct left
responses after the leftincongruous trials

the E group improved more
than the C group on the
practiced task and looked to
the left more often in real
street crossing after
training, performances on
paper-and-pencil tasks did
not differ between groups

before and after training
(unspecified)

first and third session

before and after training
(unspecified

practiced task,
real life street
crossing, paperand-pencil tasks

Results

Measurements

Outcome
measures
computerized
tasks, real-life
wheelchair
obstacle course,
occurrence of
falls and
accidents
accuracy on the
trained task

contrary to healthy controls,
none of the patients
showed a reliable change in
straight ahead pointing, nor
performance of paper-andpencil tasks immediately or
2 hours after prism
adaptation

before prism adaptation;
immediately and 2 hours
after

line cancellation,
balloon test, line
bisection, copy a
scene, drawing,
reading
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Long-term results

N=4 neglect
patients
(neglect not
visible on BIT
nor bells
test)

Smith et
al., 2007

E: N=33 RH
neglect
patients
C: N=36 RH
neglect
patients

E: N=12 RH
neglect
patients
C: N=12 RH
neglect
patients

Akinwunt RCT
an et al.,
2010

Kim et al., RCT
2011

Control
condition

7-44
days

30 minutes a
day, 5 days a
week for 3
wks;
conventional
neglect
therapy (i.e.
reading,
drawing,
puzzles)

mean 54 15 hours of
days
noncomputerbased
cognitive
training over
5 weeks

N= 10 RH
not
neglect
specified
patients
N=40 healthy
controls

13
months
– 11
years

Post
onset
56-64
days

Kim et al., within
2007
subjects
design

series of
case
studies,
double
baseline

N=6 RH
neglect
patients
N=3 healthy
controls

Patients

Ansuini et within
al., 2006 subjects
design

Design

30 minutes a day, 5
days a week for 3
wks; interactive
computer games
(detection tasks),
user’s image
projected onto the
screen

Experimental
condition
three sessions on
one day; reaching
to grasp either a
real or a virtual
object, wearing a
motion-tracking
glove
six weekly training
sessions of
computer games
(detection tasks),
user’s image
projected onto the
screen
unspecified number
of training sessions;
head-mounted
device projecting a
detection task
simulating crossing
a street
15 hours of
simulator-based
driving-related
training over 5
weeks

star cancellation,
line bisection,
CBS, Barthel
index

Useful Field of
View test

practiced task

BIT, bells test;
interview
regarding the
intervention

Outcome
measures
accuracy on the
trained task

both groups showed
significant but similar
improvement in
performance on a test of
driving-related visual
attention skills after training

more symmetrical
performance on the
practiced task (no statistical
tests)

small improvements on
paper-and-pencil tasks (no
statistical tests)

only the FP group showed
significant improvement in
responses to leftward
targets after leftincongruous trials

Results

24 hours before and after changes in star cancellation
the three-week treatment CBS in the E group were
signifi cantly higher than
those of the C group after
treatment

before and after training
(unspecified), 3 months
after training

before and after training
(unspecified)

one week and directly
before treatment; one
week after treatment

first and third session

Measurements

Long-term results

single
case
study

control
group
design,
semirandomiz
ed

Sedda et
al., 2012

Van
Kessel et
al., 2013

Design

E: N=14 RH
neglect
patients
C: N=15 RH
neglect
patients

N=1 RH
neglect
patient

Patients

Control
condition

mean
visual
149 days scanning
training

Post
onset
1 year

Experimental
condition
Training for 4
weeks, one hour
each day; patients'
silhouet is pasted
into various VR
environments, thus
creating searching
and grasping tasks
combination of
visual scanning
training and a VR
driving simulator
task, thus creating a
dual task
paper-and-pencil
tests, semistructured scale,
subjective
questionnaire,
driving simulator
tasks

Outcome
measures
attentional
matrices, MMSE,
line bisection, line
cancellation
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Patients in both groups
taken together showed
significant improvements on
almost all tasks. However,
no significant differences
between groups were
observed, neither before
nor after training

significant improvement on
matrices and MMSE; partial
improvement on line
bisection, line cancellation

before treatment;
immediately and 4
months after treatment

one or two weeks before
and after treatment

Results

Measurements

Long-term results
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Chapter 7
Visual scanning training for neglect after stroke with and without a
computerized lane tracking dual task
M.E. van Kessel, A.C.H. Geurts, W.H. Brouwer and L. Fasotti
Frontiers in neuroscience 7 (2013), article number 358

Abstract
Neglect patients typically fail to explore the contralesional half-space. During visual
scanning training, these patients learn to consciously pay attention to contralesional
target stimuli. It has been suggested that combining scanning training with methods
addressing non-spatial attention might enhance training results. In the present study, a
dual task training component was added to a visual scanning training (i.e., Training di
Scanning Visuospaziale – TSVS; Pizzamiglio et al., 1990). Twenty-nine subacute right
hemisphere stroke patients were semi-randomly assigned to an experimental (N =14) or a
control group (N =15). Patients received 30 training sessions during 6 weeks. TSVS
consisted of four standardized tasks (digit detection, reading/copying, copying drawings,
and figure description). Moreover, a driving simulator task was integrated in the training
procedure. Control patients practiced a single lane tracking task for 2 days a week during 6
weeks. The experimental group was administered the same training schedule, but in
weeks 4–6 of the training, the TSVS digit detection task was combined with lane tracking
on the same projection screen, so as to create a dual task (computerized visual reaction
time task designed for training). Various neglect tests and driving simulator tasks were
administered before and after training. No significant group and interaction effects were
found that might reflect additional positive effects of dual task training. Significant
improvements after training were observed in both groups taken together on most
assessment tasks. Ameliorations were generally not correlated to post-onset time, but
spontaneous recovery, test–retest variability, and learning effects could not be ruled out
completely, since these were not controlled for. Future research might focus on increasing
the amount of dual task training, the implementation of progressive difficulty levels in
driving simulator tasks, and further exploration of relationships between dual task training
and daily functioning.
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Introduction
Visuospatial neglect is defined as “a disorder whereby a patient fails to explore the halfspace contralateral to the cerebral lesion” (Heilman et al., 1993). To explain the deficit
underlying this disorder, various theories have been formulated, like attentional,
representational, and cerebral balance theories (see Kerkhoff, 2001 for a review).
Corbetta and Shulman (2011) suggest that neglect results from a dysfunction of the
distributed and interacting cortical networks responsible for the control of both spatial
and non-spatial attention processes. For instance, neglect symptoms have been shown to
vary with arousal and sustained or vigilant attention (Robertson et al., 1997; Samuelsson
et al., 1998; Robertson, 2001) as well as with task complexity (Deouell et al., 2005;
Vuilleumier et al., 2008).
Neglect occurs more often after right hemisphere (RH) than after left hemisphere
(LH) stroke. Reported rates of occurrence vary widely as a result of a number of factors,
including assessment method and time post stroke (see Bowen et al., 1999 for a review).
Also, large within-patient variability in test performance is reported. Machner et al. (2012)
administered the Bells test, a symbol cancellation and a line bisection task to 15 neglect
patients on five consecutive days. They observed large day-to-day variability, indicating
that five more or less omissions on the Bells test and deviations of plus or minus 16mm in
the line bisection task could be due to test or within-patient variability, rather than
indicating a reliable change of neglect severity. Similar results have been reported by
Bailey et al. (2004).
Spontaneous recovery of neglect is mostly reported in the first weeks after stroke
(Ferro et al., 1999; Appelros et al., 2004b; Jehkonen et al., 2007). However, a recent study
of Nijboer et al. (2013) reports significant spontaneous recovery up to 14 weeks after
stroke. Farnè et al. (2004) also report changes in the performance of neglect tasks until at
least 3 months after stroke. The presence of neglect is generally associated with poor
functional outcome after stroke (Jehkonen et al., 2006; DiMonaco et al., 2011; Vossel et
al., 2012). Nijboer et al. (2013) point out that 40% of the neglect patients still show
visuospatial neglect 1 year after stroke, indicating that rehabilitation of this disorder is of
great importance.
Several interventions aimed at reducing neglect symptoms have been described, like
visual scanning training, prism adaptation, limb activation training, and non-invasive brain
stimulation techniques (see Zoccolotti et al., 2011; Kerkhoff and Schenk, 2012; Fasotti and
Van Kessel, 2013, for reviews). In a Cochrane review excluding all studies that were not
considered properly randomized controlled trials, Bowen and Lincoln (2007) conclude that
there is insufficient evidence to support the effectiveness of specific cognitive
rehabilitation approaches for reducing disabilities due to neglect (see also Rohling et al.,
2009; Paci et al., 2010). However, in two reviews of cognitive rehabilitation, Cicerone et al.
ϭϰϭ
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(2000, 2005) recommend visual scanning training as a practice standard for the treatment
of neglect. Also, in a meta-analysis of the reviews by Cicerone et al., Rohling et al. (2009)
report a medium to large effect of visuospatial training. In an extensive review of 18
different treatments for neglect and their rationales, in which not only randomized
controlled trials but also multiple baseline single case studies were included, Luauté et al.
(2006) conclude that for 6 of the available methods there is some evidence for clinical
relevant training effects, visual scanning training being the most extensively evaluated
training method.
Visual scanning training was originally introduced by Diller and Weinberg (1977) and
further developed and described by Pizzamiglio et al. (1990, 1992) (see Pizzamiglio et al.,
2006 for a review). This type of training stems from the observation that neglect patients
generally show very limited attention and exploration behavior toward the contralesional
hemispace. The aim of training is to improve visual scanning behavior, i.e., to encourage
neglect patients to actively and consciously pay attention to stimuli on the contralesional
side. In the original training protocol by Pizzamiglio et al. (1990) (Training di Scanning
Visuospaziale –TSVS), four standardized training tasks are used, i.e., a computerized digit
detection task projected on a large screen, figure copying, picture exploring, and reading
and writing tasks. Contralesional exploration behavior is encouraged by means of operant
conditioning techniques (i.e., reinforcement of correct scanning movements) and
repeated training of the use of compensatory strategies (for instance using a
contralesional anchor and systematically starting to scan from this point and controlling
one’s performance starting from the contralesional side before finishing an activity).
Guidelines for the use and gradual reduction of various stimulation methods and cues are
provided. Moreover, in order to increase their awareness of the deficit, patients are given
concrete feedback about their performance.
Significantly increased scores on paper-and-pencil tasks as well as on a semistructured observation scale (Zoccolotti et al., 1992) were found after TSVS (Pizzamiglio et
al., 1992; Antonucci et al., 1995). The authors stress that the duration and intensity of the
training (40 h during 8 weeks) plays an important role in the attainment of positive results.
Moreover, the gradual and systematic increase in difficulty levels of the materials and the
reduction of feedback seem important ingredients of the training leading to improvement.
Positive training results were replicated by Paolucci et al. (1996), who found
improvements in test performance as well as in functional status linked to the timing of
the training and additional to general rehabilitation. Despite these generally positive
results, a large variability in patients’ benefits from TSVS has also been observed in each of
the abovementioned studies. It is unclear why some patients benefit from the training
while others do not. One factor seems to be the improvement of the patients’ awareness
of deficit (Pizzamiglio et al., 1992). However, often it is not possible to predict whether
improved awareness may be expected in an individual patient as a result of the training. In
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addition, since neglect may occur after lesions in different regions of the brain (see for
instance Karnath et al., 2004), lesion site might also play a role in the variability of training
effects.
As various authors (Pizzamiglio et al., 2006; Saevarsson et al., 2011) point out,
individual variability in training results has led to the question whether training
effectiveness can be improved by combining interventions. Until now, positive training
results were found in both conditions in a study comparing regular TSVS with TSVS plus
additional optokinetic stimulation (Pizzamiglio et al., 2004). However, no differences were
observed between conditions. Luauté et al. (2006) also recommend the evaluation of
combinations of existing methods. More specifically, these authors suggest that effective
treatments be combined with techniques aiming at processes that contribute to the
clinical manifestation of neglect (for example non-spatial attention and working memory)
to further enhance training effects. Moreover, in another TSVS evaluation study, Piccardi
et al. (2006) investigated whether TSVS might result in improved performances on various
neglect and non-neglect measures (i.e., measures of vigilance, alertness, and attentional
control/response inhibition). TSVS training effects were observed on neglect measures but
not on non-spatial attention tasks. Therefore, Pizzamiglio et al. (2006) point out that in the
rehabilitation of neglect, care must be taken to also treat non-spatial disorders.
In the present study, an attempt is made to further extend the scope of standardized
TSVS by combining it with additional dual task training. The use of dual tasks in neglect
may be preeminently useful because of the association between spatial and non-spatial
attentional processes in this disorder. Robertson and Frasca (1992), for instance, assume
that neglect patients are particularly vulnerable to a deterioration of performance in the
face of additional attentional load because of this association. Robertson and Manly
(2004) suggest that it is possible to detect the presence of well-compensated or even
“recovered” neglect by increasing attentional load. This can be accomplished by means of
a dual task. In line with this idea, it was found that computerized dual tasks elicit more
contralesional omissions (Bonato et al., 2012, 2013) and slower contralesional reaction
times (RTs) (Deouell et al., 2005) than single paper-and-pencil tasks. Moreover, clearly
asymmetric task performance in the computerized dual tasks even occurred in some
patients showing no signs of neglect in paper- and-pencil tasks. Thus, computer-based
dual tasks, even though not always showing resemblance to contexts of daily living, have
high diagnostic potential in the assessment of neglect and its recovery (Schendel and
Robertson, 2002; Bonato and Deouell, 2013).
Furthermore, various authors describe that deficits in non-spatial attentional
processes not only occur in association with neglect (for instance in the case of impaired
arousal). Non- spatial attention processes involved in the exertion of top-down influence
on lower level spatial perception may also play an important underlying role in this
disorder (Corbetta et al., 2005; Vuillemier et al., 2008). Bartolomeo and Chokron (2002),
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for instance, suggest that a basic mechanism leading to neglect behavior is an impaired
exogenous orienting toward left-sided targets. Nevertheless, patients may be able to
compensate for their deficit by means of endogenous attentional processes, that may be
spared but slowed in neglect. The ability to successfully compensate for neglect symptoms
might thus depend on the patients’ capacities to gain attentional control over their
scanning behavior.
Neglect is often associated with frontoparietal damage in the RH (Farnè et al., 2004;
Committeri et al., 2007) or in the white matter connecting parietal and frontal areas
(Bartolomeo et al., 2007, 2012). According to Corbetta and Shulman (2011), lesions in the
RH that cause neglect impair non-spatial functions mediated by a ventral frontoparietal
attention network. This impairment may in turn induce abnormalities in an anatomically
linked dorsal frontoparietal network that controls spatial attention. Singh-Curry and
Husain (2009) point out that a frontoparietal system might allow the flexible
reconfiguration of behavior between maintaining attentive control and responding to
salient stimuli. Dual tasks might then not only generally increase attentional load, but
might address this frontoparietal system more specifically.
Thus, dual tasks might not only appeal to attentional capacity, but also to the control
over attention. Patients’ performances on these tasks could be indicative for their abilities
to compensate for neglect (Van Kessel et al., 2013). This raises the question whether these
tasks might also be used as a training tool. As Robertson and Manly (2004) point out, the
demands on neglect patients’ impaired abilities in maintaining corrective “top-down”
control over spatial attention might be minimized by attempting to train these corrective
strategies to a point where they become more habitual. TSVS training is aimed at the
conscious compensation for spatial attention deficits and thus appeals to top-down
attentional control. Combining TSVS with additional dual task training might provide tools
for accomplishing a higher degree of automation of scanning strategies and contribute to
the enhancement of training results.
To investigate the additional value of dual task training, in the present study, a
computerized visual RT task designed for training (CVRT-TR) will be used. The CVRT-TR was
designed on the basis of two diagnostic tasks, i.e., a single and a dual CVRT task (CVRT and
CVRT-D, respectively). These assessment tasks had been previously used to investigate
spatial and non-spatial attention processes in neglect (Van Kessel et al., 2010, 2013). In
concordance with the abovementioned findings of Deouell et al. (2005) and Bonato et al.
(2012, 2013), more patients were classified as neglect patients by using RT asymmetries
on the CVRT than by using scores on the Behavioral Inattention Test (BIT; Wilson et al.,
1987). Moreover, the results suggested that some patients with defective RT asymmetries
but normal BIT scores might compensate for their lateralized deficit in paper-and-pencil
tasks. These patients might have engaged intact non-spatial attentional processes,
especially attentional control (Van Kessel et al., 2010). When single (CVRT) and dual
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(CVRT-D) task performance were compared (Van Kessel et al., 2013), a clear increase in RT
asymmetries between CVRT and CVRT-D was observed. Half of the patients meeting the
BIT criterion for neglect showed increased RT asymmetries from CVRT to CVRT-D.
Moreover, two LH and RH patients without neglect symptoms on the BIT and CVRT
showed significantly increased asymmetries in the CVRT-D. This fostered the idea of an
emergence of subtle neglect under increased attentional load.
In the CVRT-TR, a large screen driving simulation task was added to the computerized
digit detection task used in the standardized TSVS protocol (Pizzamiglio et al., 1990). Thus,
a dual task was created that can be used for training patients. The CVRT-TR could be
referred to as a virtual reality (VR) task. Other VR methods include desktop simulator tasks
or head-mounted devices. Recently, different kinds of VR tasks have been applied in the
assessment and observation of neglect patients (Broeren et al., 2007; Buxbaum et al.,
2008, 2012; Jannink et al., 2009; Kim et al., 2010; Fordell et al., 2011). Buxbaum et al.
(2008, 2012) describe a virtual reality lateralized attention task (VRLAT) in which patients
had to navigate through a VR environment while seated in front of a flat screen display in
a powered wheelchair treadmill. These patients were asked to name objects projected on
both sides of the road. Neglect symptoms were detected in more patients by using the
VRLAT, compared to paper-and-pencil tasks. Moreover, left-sided collisions on the VRLAT
showed significant correlations with real-world left-sided collisions.
Virtual reality tasks are also used as a rehabilitation tool (see Tsirlin et al., 2009 for a
recent review). VR training in neglect is mostly aimed at improving performance on the
task that is simulated, for instance navigating through a real-life wheelchair obstacle
course (Webster et al., 2001) or street crossing (Katz et al., 2005). In an alertness training
program used by Thimm et al. (2006), patients had to “drive” a simulated car or
motorcycle as quickly as possible and avoid crashing into obstacles that appeared
suddenly on the screen. After 3 weeks of training, both alertness and neglect deficits were
significantly reduced. However, 4 weeks after the end of training, neglect symptoms had
returned to the pre-training level. Finally, Akinwuntan et al. (2010) observed no
differences between stroke patients receiving either simulator based driving-related
training or non-computer-based cognitive training over 5 weeks. In their RCT, both groups
showed similar improvement after training on a test of driving-related visual attention
skills.
Not only are VR techniques suitable to simulate daily activities, but in doing so, tasks
can be created that allow for the combined training of visuospatial and non-spatial
attention. In the present study, it will be investigated whether the effectiveness of the
standardized TSVS protocol (Pizzamiglio et al., 1990, 1992) might be further enhanced
using the CVRT-TR. In the CVRT-TR, patients are enabled to additionally practice their
acquired scanning strategies while performing a secondary task. It is hypothesized that
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training patients with this task could contribute to an enhancement in TSVS training
results and better performance on various diagnostic tasks for neglect.

Materials and methods
Participants
Patients with a first intracerebral infarction or hemorrhage admitted for clinical
multidisciplinary rehabilitation to one of four local rehabilitation centers in the
Netherlands were eligible for this study. Over a period of 2 years, 53 RH patients showing
neglect symptoms as observed by their therapists and/or found in early
neuropsychological screening, were referred for further assessment. This assessment was
aimed at investigating whether TSVS and inclusion in the present study would be
indicated. Tests were performed at least 8 weeks post-onset to minimize the role of
spontaneous recovery. Six patients in the control group and 8 patients in the experimental
group could be considered chronic neglect patients, since they had post-onset times of
more than 3 months. Patients with omission scores above cut-off on at least three of the
paper-and-pencil neglect tests and one of the observational scales (all listed below) were
asked to participate in the present study. Patients with visual field deficits as observed by
means of Donders’ confrontation method were excluded. A total of 29 patients were
included. All subjects gave informed consent to participate in this study and research was
completed in accordance with the Declaration of Helsinki. In Table 1, medical and
demographic data of the subjects are presented. Patients were assigned to the
experimental or control group using block semi-randomization. Of every four consecutive
patients, the first two (in case these two were assigned to the same group) or three (if the
first two patients each were assigned to a different group) were randomly allocated to
one of the groups. The other(s) were classified in such a way that within every block of
four, two patients were in the experimental and two in the control group.
Table 1. Medical and demographic data for both patient groups
Control
Experimental
(N=15)
(N=14)
Sex (Male/Female)
10/5
7/7
Mean age (SD)
Range
Days post onset (SD)
Range

59.07 (6.08)

61.86 (7.75)

48-71

52-77

157.60 (117.16)

140.57 (133.56)

63-431

57-569
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Pre- and post-training assessments
Patients were administered various neglect tasks (see below) on two separate days within
1 week. The first session included the paper-and-pencil and driving simulator tasks and
lasted for approximately1h. The semi-structured scales were administered on a second
day, because another room (kitchen of the occupational therapy department) was
necessary to administer these tasks. When a patient was included, training started 1 or 2
weeks after the first assessment. Post training assessments were scheduled 1 or 2 weeks
after the end of the training.
Paper-and-pencil neglect tests
Line cancellation (Albert, 1973)
Patients were asked to cross out 21 lines (2.5 cm) printed on a A3 sheet of paper. The
occurrence of one or more omissions was considered as indicative for neglect.
Letter cancellation (Diller and Weinberg, 1977)
Patients were instructed to cross out 104 uppercase “H”s interspersed among 208
distractor characters. All characters were printed in six horizontal lines on a A3 sheet of
paper. Five or more omissions and a difference of two or more between contralesional
and ipsilesional omissions were considered as indicative for neglect.
Bells test (Gauthier et al., 1989)
Thirty-five bell-shaped figures, interspersed among 280 distractor figures printed on a A4
sheet of paper, had to be crossed out. Four or more omissions are indicative for neglect.
Line bisection (Schenkenberg et al., 1980)
Patients were asked to bisect 20 horizontal lines (printed on a A4 sheet of paper) by
placing a pencil mark as close to the center of the line as possible. Two or more omitted
lines were considered as indicative for neglect.
Word reading task (after Làdavas et al., 1997)
Patients were asked to read aloud 165 words and non-words, each printed on a different
sheet of A4 paper. All words consisted of three syllables and were composed of 6–11
letters. Fifty-five words were used in their natural form. Moreover, in every word two
letters were replaced within the first syllable in one condition (left non-word) and within
the last in a third condition (right non-word). All words (N=55) and non-words (N=110)
were presented in random order. RH neglect patients tend to misread the first syllables.
An index score was computed in which the difference between left and right errors was
divided by the sum of left and right errors. Ignoring some letters or the complete syllable,
or reading the original word as if no letters had been replaced were considered errors.
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Grey scales (Tant et al., 2002)
Twenty-six sheets of paper (A4, landscape) were presented to the patients. A pair of
vertically aligned horizontal rectangular bars of equal length was printed on each page.
The bars were filled with continuous scales of different grayshades varying from black to
white at the extremes. The upper and lower bar of each pair were mirrored copies of each
other. Hence, one of the grayscales was black on the left and white on the right and the
other exactly the opposite. Pairs of stimuli of different lengths were randomly used.
Patients were asked to judge which (top or bottom) bar of each pair appeared darker
overall. RH neglect patients tend to show extreme rightward biases (consistently choosing
bars that are black on the extreme right). An index score was computed, in which the
difference between rightward and leftward biased responses was divided by 26.
Baking tray task (Tham and Tegnér, 1996; Appelros et al., 2004a)
In this task, patients were asked to equally distribute 16 blocks (4cm * 4 cm) on a “baking
tray,” i.e., a 75 cm * 100 cm board. A difference of two or more between the numbers of
blocks placed left and right was considered as indicative for neglect. An index score was
computed, in which the difference between the numbers of blocks placed right and left
was divided by16.
Observation scales and subjective questionnaire
Semi-structured scale for the evaluation of extrapersonal neglect (Zoccolotti et al., 1992)
This task consisted of four subscales (serving tea, dealing cards, description of the
environment, and description of three large pictures), performed in the presence of the
examiner and two additional persons seated at the left and right side of the table. Six
scores for the extent of asymmetric performance were given on 0–3 point scales, so that
the maximum total score of 18 indicated severe asymmetries on all subscales. A total
score of 3 or more was considered as indicative for neglect.
Semi-structured scale for the evaluation of personal neglect (Zoccolotti et al., 1992)
The patient was asked to show how he/she would comb his/her hair, use a razor (male) or
powder her face (female) and put on glasses. Three asymmetry scores were given on 0–3
point scales. A total score of 2 or more was considered as indicative for neglect.
Subjective neglect questionnaire (Towle and Lincoln, 1991)
This questionnaire consisted of 19 items describing common problems associated with
neglect (for instance bumping into door frames). Patients were asked to indicate how
frequently (1–5) each problem had occurred the last month. Thus, the minimum score of
19 indicated no reported problems, the maximum score was 95.
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Driving simulator tasks
Three types of driving simulator tasks were used during the assessment. These were a
single lane tracking task, a single target detection task, and a dual task consisting of both
lane tracking and target detection. In all driving simulator tasks, patients were seated in
front of a 2.13m * 3.18m projection screen at a distance of approximately 90 cm, thus
creating a visual angle of approximately 110°. On the screen, a driving scene was
projected. A steering wheel (Trust formula 1 racemaster) was fixed on a table in front of
the participant and a white wooden board was placed on the table between the steering
wheel and the projection screen, so as to prevent subjects from using the edges of the
table as a spatial reference while driving.
Lane tracking
In the lane tracking task, a driving scene was projected on the same screen that was also
used as a part of the standard TSVS training (e.g., large screen digit detection, see below).
The simulated speed of the imaginary car was set at a constant 50km/h. Patients were
instructed to use the steering wheel to maintain the starting position in the middle of the
right lane of the projected road, thereby compensating for what was indicated to them as
“side wind.” This was a continuous signal fluctuating from left to right in a fixed pattern
created by superimposing three low-frequency sinus movements. Thus, patients were
continuously “blown” off track, either right- or leftward. Patients’ lateral positions during
lane tracking were recorded every 15s. Mean lateral position scores (AVLP) were
computed from these values for each patient and the SD of the lateral position (SDLP)
scores reflected the degree of oscillation.
Single detection task (CVRT)
In the CVRT, patients were asked to detect large rectangular dot patterns on one of three
horizontal positions within a driving scene that was projected on the screen. RTs for left,
middle, and right stimuli were recorded and asymmetries (i.e., difference scores) between
left and right RTs were computed. Steering was not required.
Dual task (CVRT-D)
In the CVRT-D, lane tracking and CVRT dot pattern detection were combined to create a
dual task. Lateral position and oscillation scores were computed together with RTs and RT
asymmetries.
Training tasks
A translated version of the original TSVS manual (Pizzamiglio et al., 1990) was used. This
was slightly adapted for use in the present study. Most importantly, patients received 30
training sessions (5 days a week, a 1-h session each day, during 6 weeks) instead of the
ϭϰϵ

ϳ

original 40h. Moreover, some changes had been made in the order of the digit detection
sequences. Guidelines as to the use and fading of cues were provided in the manual. By
individually adjusting difficulty levels of the sequences and the use of cues, patients were
offered systematic training. Training sessions consisted of four standard tasks and
additional control or experimental tasks.
Standard training
Large screen digit detection
Using a desktop computer and a projector, sequences of random digits (1–9) were
projected from behind on a 3.18m * 2.13m screen. Each digit was projected at one of 48
(12 horizontal * 4 vertical) possible positions. Patients were seated in front of the screen,
which was placed at approximately 90 cm from their eyes, so as to create a visual angle of
the projection of around 110° horizontally and 70° vertically (see Figure1 for training setup). Patients were free to move their head and eyes. They were asked to name each digit
and at the same time press a button as quickly as possible.
1. projection screen
2. beamer
3. computer
4. pressing button (TSVS)/
steering wheel (CVRT)
5. patient

Figure 1. TSVS visual scanning training set-up
Sequences of progressive difficulty levels were used, the easiest sequences progressing
stepwise from right to left at the same height and the most difficult ones randomly
alternating between all possible positions. Verbal cues (encouragement of the trainer to
look further to the left) and non-verbal auditory cues (signal tones accompanying each
digit) could be given. In general, during the first weeks of training, patients were trained to
perform leftward scanning movements. To this end, training sequences were used that
facilitated directing and preserving attention (supported by active head movements) to
the left side of the screen, i.e., progressing stepwise to and (later) from the left side.
In the second half of the training, patients were taught to “center” their scanning
behavior, i.e., using their straight ahead as a departing point from which to make scanning
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movements to either the left or right side. This technique is aimed at achieving symmetry
in left and right detection times. The use of verbal and auditory cues was gradually faded
during the training.
Copying line drawings on a dot matrix
Patients were instructed to copy lines, connecting some points of a dot matrix placed on
the left halve of a page, into an empty matrix on the right. Matrices varied from 4 to 20
points. The use of verbal and visual cues was progressively reduced.
Reading and copying training
Patients were asked to read and/or copy sentences and newspaper headlines of
progressive difficulty levels (based on size and length as well as the number and spatial
distribution of lines). The use of verbal and visual cues was progressively reduced.
Figure description
Patients were encouraged to describe all elements on pictures printed on A3-sized pages.
Picture complexity gradually increased over a total of 45–60 pictures. The most simple
pictures represented small numbers of centrally placed large objects that had to be
counted. In the most complex pictures, figural elements or portions of text that were
essential to capture the meaning of the depicted scene were placed at the extreme left
side of the paper.
Additional tasks for the control and experimental conditions
In Table 2, the training schedules for the experimental and control groups are displayed,
including the number of minutes per task for each session. As can be seen, from the
second half of the training on, the two groups had different training schedules for 2 days a
week. On Thursdays and Fridays, the TSVS large screen scanning task was (partly or as a
whole) replaced by either the lane tracking or CVRT-TR task.
In this training schedule, on Mondays to Wednesdays, the standard TSVS protocol
(Pizzamiglio et al., 1990) was practiced. The distribution of tasks on Thursdays and Fridays
was based on clinical experience. It was chosen for two reasons: first, driving simulator
tasks were only added for 2 days a week since it was considered important that patients in
both the control and experimental condition were allowed sufficient time to practice TSVS
digit detection. Second, the CVRT-TR dual task was only introduced from week 4 of the
training because it was presumed that patients should first learn the centering technique
as a requisite skill for an adequate execution of the dual task.
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Table 2. Training schedule for both groups
Week
1-3

Monday-Wednesday
Both conditions: TSVS
Visual scanning training (30)
Copying line drawings (15)
Reading /copying (10)
Figure description (5)

Week
4-6
Continued
as in week 1-3

Thursday-Friday
Both conditions: TSVS + lane tracking
Visual scanning training (20)
Lane tracking task (15)
Copying line drawings (15)
Reading /copying (10)
Control condition: TSVS
Experimental
+ lane tracking
condition: TSVS
+ dual task
Visual scanning
CVRT-TR (35)
Copying line
training (20)
Lane tracking task (15)
drawings (15)
Copying line drawings (15) Reading /
Reading /copying (10)
copying (10)

CVRT-TR dual task
The CVRT-TR dual task was designed as a training counterpart of the CVRT-D, that was
used as a diagnostic task in the present study (see above). Instead of the large rectangular
dot patterns on three possible positions used in the CVRT-D, sequences from the TSVS
large screen digit detection task were projected in the driving scene in the CVRT-TR. Thus,
besides maintaining their driving position, patients were instructed to detect and name
digits that were projected on the upper half of the screen at one of 48 possible locations
(see Figure 2 for an example).
The digit sequences that were projected were the same sequences that were used in the
TSVS for training patients to “center” their scanning behavior (see also above) during the
second half of the training. Thus, patients were enabled to further practice this centering
technique during the CVRT-TR, by choosing to focus on the straight ahead (i.e., the road in
front of them) and regularly performing scanning movements to the left or right to detect
digits while driving.
Data analysis
Neglect symptoms before and after training were analyzed using non-parametric (Mann–
Whitney U) tests. Mixed models analyses were performed for relevant measures with time
(before vs. after training) as a within subjects factor and condition (control vs.
experimental) as a between-subjects factor(N = 15, 14). Mixed Models is a procedure in
which alternative estimators are used for the parameters of a variance-analytic design; it
is claimed to be more robust to violations of assumptions which are crucial for the
conventional ANOVA estimators.
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Figure 2. CVRT-TR driving scene with digit projected at one of 48 possible locations

The procedure used here was restricted maximum likelihood estimators (REML). For the
covariance structure, we opted for “unstructured” (see also Rietveld, 2005). The same
procedure and covariance structure are used in all Mixed Models analyses reported
throughout the Results section.

Results
Paper-and-pencil tasks
Patients’ performances on the administered paper-and-pencil tasks before and after
training are shown in Table 3. As can be seen in this table, patients in both groups taken
together showed significantly improved performances on almost all paper-and-pencil
tasks. However, Mann–Whitney U tests did not show significant differences between
groups on either of these scores, neither before nor after training. A Mixed Models
analysis was performed for a combined total score computed from the numbers of
omissions on the line and letter cancellation tasks and the Bells test. The value of the -2
Restricted Log Likelihood information criterion was 510.08. The number of omissions in
the cancellation tasks had decreased significantly after training in both groups as a whole
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(F(1, 27) = 19.02, p <0.001), but no significant group effect (F(1, 27) = 0.07) or time * group
interaction (F(1, 27) =0.02) was found. A Mixed Models analysis was also performed for a
total score computed from the semi-structured scales for extrapersonal and personal
neglect. The value of the -2 Restricted Log Likelihood information criterion for this analysis
was 283.21. In general, patients in both groups showed significantly milder neglect
symptoms on the semi-structured scales after training (F(1, 27) = 68.13, p <0.001), but
again, no significant group effect (F(1, 27) = 0.002) or time * group interaction (F(1, 27) =
0.33) was found.
Table 3. Mean scores and SDs on paper-and-pencil and driving measures before and after
training for the control (C) and experimental (E) group
Before vs.
Before training
After training
*
after
C
E
C
E
Both groups
(N=15) (N=14) (N=15) (N=14)
(N=29)
Line cancelation omissions (SD)
1.53
2.07
0.40
0.71
p<0.01
cut-off: ≥1
(3.27)
(2.79)
(0.91)
(1.54)
Letter cancelation omissions (SD)
30.07
24.07
15.33
12.93
p<0.001
cut-off: ≥5, L vs. R≥2
(29.23) (24.15) (20.11) (21.55)
Bells test omissions (SD)
10.20
12.21
6.80
6.71
p<0.005
cut-off: ≥4
(6.84)
(8.83)
(5.13)
(7.52)
Line bisection omissions (SD)
1.53
2.43
0.67
2.21
ns
cut-off: ≥2
(2.47)
(3.52)
(1.18)
(3.42)
Reading errors (SD)
22.87
17.36
5.71
13.43
p<0.005
(27.28) (22.38) (4.82) (11.59)
Grey scales index (SD)
0.97
0.99
0.84
0.93
p<0.05
(0.10)
(0.03)
(0.32)
(0.17)
Baking tray index (SD)
0.36
0.39
0.19
0.43
ns
(0.59)
(0.55)
(0.57)
(0.40)
Semi-structured scale
6.33
6.79
3.07
2.71
p<0.001
extrapersonal (SD) cut-off: ≥3
(3.44)
(2.52)
(2.66)
(2.05)
Semi-structured scale personal
2.27
2.21
0.93
1.00
p<0.005
(SD) cut-off: ≥2
(1.58)
(2.61)
(1.10)
(0.96)
Subjective neglect questionnaire
43.33
40.50
37.87
31.69
p<0.005
(SD)
(13.54)
(11.11) (11.90) (9.46)
*Significance level α=0.05, Wilcoxon signed-rank tests for two related samples.
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Driving simulator data
Patients’ performances on the lane tracking, CVRT, and CVRT-D tasks before and after
training are represented in Table 4.
Table 4. Mean scores and SDs on driving measures before and after training for each
group
Before training
After training
Before vs.
*
after
C
E
C
E
Both
(N=14)
(N=14) groups
(N=15)
(N=15)
(N=29)
Lateral position Lane tracking −214.00 −153.66 −131.15 −128.71 p<0.05
(SD)
(213.10) (153.77) (145.39) (120.26)
CVRT-D
−224.44 −181.36 −156.95 −111.03 p<0.05
(SD)
(209.29) (181.50) (170.56) (110.34)
Oscillation
Lane tracking
−71.12
−89.08
−68.38
−80.00
ns
(SD)
(39.51)
(62.06)
(41.44)
(59.70)
CVRT-D
−64.49
−80.60
−63.26
−71.85
ns
(SD)
(37.24)
(49.15)
(28.29)
(38.11)
Omissions
CVRT
−5.60
−2.69
−2.33
−1.83
p=0.057
(SD)
(5.37)
(3.47)
(3.70)
(4.30)
CVRT-D
−6.40
−6.23
−5.27
−3.25
ns
(SD)
(5.51)
(6.39)
(5.35)
(5.45)
RT CVRT
Left
−1524.57 −1737.53 −1664.26 −1349.18 p<0.05
(SD)
(1121.61) (1047.30) (1196.69) (928.02)
Middle
−882.10 −864.59 −601.02 −853.43
ns
(SD)
(677.78) (609.41) (275.94) (574.88)
Right
−733.04 −845.01 −616.55 −857.84
ns
(SD)
(660.74) (471.01) (276.74) (556.25)
RT CVRT-D
Left
−2176.96 −2105.93 −1786.43 −1759.81
ns
(SD)
(1280.29) (1460.54) (1071.84) (1154.38)
Middle
−884.51 −1106.57 −679.57 −987.30 p<0.05
(SD)
(634.93) (787.62) (297.99) (916.31)
Right
−860.14 −951.92 −660.23 −911.16 p=0.058
(SD)
(475.40) (649.09) (276.52) (542.13)
*Significance level α=0.05, Wilcoxon signed-rank tests for two related samples.
The results in the last column of Table 4 show that patients in both groups together had
significantly improved on lateral positions in single as well as dual lane tracking after
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training. They also made less omissions and showed faster contralesional RTs in the CVRT
as well as faster middle and ipsilesional RTs in the CVRT-D. However, again, Mann–
Whitney U tests did not show significant differences between groups on any measure,
neither before nor after training.
A Mixed Models analysis was performed for left versus right RT asymmetries in the
CVRT and CVRT-D. The values of the -2 Restricted Log Likelihood information criterion for
these analysis were 753.34 and 710.29, respectively. No significant differences were found
between asymmetries before and after training (CVRT: F(1, 24.7) = 0.09, CVRT-D: F(1, 18.1)
= 1.32) or between groups (CVRT: F(1, 25.6) = 0.73,CVRT-D: F(1, 21.4) = 0.01). Also,
interaction effects were not significant (CVRT: F(1, 24.7) = 2.68, CVRT-D: F(1, 18.1) = 0.91).
It should be noted that since some patients omitted all left stimuli in the CVRT,CVRT-D, or
both, this resulted in missing data for the RTs on this position. Therefore, varying degrees
of freedom are reported. Moreover, as a result of the fact that only valid RTs were
recorded, valid RTs might show an increase instead of a decrease in patients who after
training did respond to stimuli they had omitted before.
Correlations with post-onset times
To account for the possible role of spontaneous recovery, two-tailed Pearson correlations
were computed between days post-onset on the one hand and pre- vs. post-training
differences on the other. These correlations were calculated for all measures showing
significant differences in pre- vs. post-training performances (see Tables 3 and 4). Similar
correlations were also computed between the post-onset period (in days) and pre-training
as well as post-training performances. Bonferroni Holm corrections for multiple
correlations (12 correlations for pre-training, post-training and pre- vs. post-training
differences) were performed. No significant correlations of any measure with post-onset
period were found.

Discussion
In the present study, a computerized dual task was added to a standardized TSVS training
(Pizzamiglio et al., 1990, 1992) for neglect patients. In this manner, patients were trained
to use visual scanning strategies in an attention demanding task. It was hypothesized that
this might enhance the automation of scanning strategies and thus contribute to an
improvement of training results. Twenty-nine RH neglect patients, quasi-randomly
assigned to one of two additional driving simulator training conditions, received TSVS
training for 5 days a week during 6 weeks. In both conditions, for 2 days a week, the TSVS
large screen digit detection task was replaced by a driving simulator task. In the control
condition, patients trained with a lane tracking task two times a week during 6 weeks. In
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the experimental condition, lane tracking was replaced by CVRT-TR dual task training in
weeks 4–6 of the training.
The primary research question of the present study was whether dual task training
could contribute to an improvement of TSVS training results, as measured by various
neglect tasks. No significant group or interaction effects reflecting additional positive
training effects were found in the experimental group compared with the control group.
Several explanations for the absence of group or interaction effects reflect the
shortcomings of the present study and give clues for future research.
First, the amount of training time has to be considered. In the present study, the
difference between control and experimental training time was two periods of 35 min per
week during 3weeks. This amount of time may be too small to find differences between
conditions. The present results suggest that all patients had trained enough to show some
improvement on most of the paper-and- pencil tasks as well as the simplest driving
simulator subtasks, i.e., lane tracking and the detection of left stimuli in the CVRT single
task. However, no differential improvement on these tasks or better performance on the
more complex CVRT-D were observed in the experimental group.
Given the absence of a no-treatment control group, it can not be excluded that improved
performance on the assessment tasks is due to spontaneous recovery, test–retest learning
effects, or an interaction between these factors. Nijboer et al. (2013), for instance, found
spontaneous recovery of neglect occurring up to 14 weeks after stroke, on several paperand-pencil tasks. Computerized dual tasks like the CVRT-D used in our study may show a
higher sensitivity, even to slight signs of spontaneous recovery. Therefore, in future
research, we recommend the use of longer post-onset times as an inclusion criterion
and/or the inclusion of a no-treatment control group. Nevertheless, no significant
correlations were found between pre- and post-training performances and differences in
pre- vs. post-training performance on the one hand and post-onset time on the other. This
indicates that spontaneous recovery does not explain all the observed improvements after
training. Also, mean scores of both groups as a whole on the Bells test showed a reduction
of approximately five omissions after training. This coincides with the maximum test–
retest variability in the Machner et al. (2012) study (see also the Introduction section). This
suggests that patients’ progress can not entirely be ascribed to test–retest variability,
although some learning effect may have been present. Our results seem in concordance
with previous studies evaluating TSVS (Pizzamiglio et al.,1992; Antonucci et al.,1995;
Paolucci et al., 1996). Nevertheless, the inclusion of a no-treatment control group is still
recommended for future research. Including a control group might also be useful to rule
out the possible role of other rehabilitation treatments that patients received during the
experimental and control training.
As in standardized TSVS, the mere amount of training time might be crucial also in
dual task training (Antonucci et al., 1995; Kerkhoff, 1998). Therefore, in future research,
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increasing the amount of dual task training in the experimental group should be
considered. The current training schedule was partly based on the standard TSVS protocol
(Pizzamiglio et al., 1990) and partly on clinical experience. Although it was presumed that
patients first should learn the “centering” technique before moving on to the CVRT-TR
task in the experimental condition, other training schedules allowing for more dual task
practice might be considered. For example, after first introducing the centering technique
during two or three training sessions in the fourth week of training using the TSVS digit
detection task, the automatization of this skill might be further practiced using the CVRTTR on a daily basis. Moreover, a repeated evaluation of the patients’ performances with
our assessment measures could have been useful. This might have unraveled the presence
of a tendency to improve between the first half (equal for both groups) and the second
half (different for the two groups) of the training. Moreover, repeated evaluation during
training might reveal the time needed for substantial improvement and be useful to chart
patients’ progress during different training stages. Although 6 weeks of training may be
considered time-consuming, the original TSVS training protocol by Pizzamiglio et al. (1990)
envisages 8 weeks of training. Additional driving simulator training beyond 6 weeks might
turn out to be necessary to allow the generalization of training results. This would also
have minimized the demands on the patients’ impaired abilities in maintaining corrective
“top-down” control over spatial attention (Robertson and Manly, 2004).
In order to further evaluate the possible additional effects of dual task training and
the design of future VR dual tasks for the training of neglect, it is important to address the
issue of the large variability in neglect symptoms and training effects between patients. It
may well be worth to evaluate larger groups of patients and to reconsider inclusion
criteria for dual task training. For instance, despite the suggestion that it should be
possible to also train patients with mild neglect using the CVRT and CVRT-TR, it must be
noted that the groups participating in the present study consisted of patients with chronic
and moderate to severe neglect. Although the CVRT-TR was, among other things, designed
to allow patients with mild neglect to train visual scanning strategies up to a higher level
of automation and under more challenging conditions, the inclusion criteria of the present
study mostly led to the exclusion of patients with these milder degrees of neglect. Also,
the CVRT-TR turned out to be too difficult for some of the participating patients. Two of
them even complained that the dual task was unpleasant and had the impression that
they were not improving. It might be worthwhile to evaluate which patients might really
benefit from dual task training. To this end, data on the location and size of patients’
lesions might be informative and aid in the tailoring of interventions.
Finally, no specific strategies were presently proposed to patients to systematically
improve single and dual lane tracking. In future dual task training developments, the
design of progressively increasing difficulty levels might be considered, coupled to the
formulation of helpful cues and strategies to be learned accordingly. For instance, the
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addition (and gradual reduction) of spatial cues regarding their actual lateral position and
a built-in control or “brake” function might be helpful for patients who have difficulties
performing the dual task. For some patients, monitoring (the risk of) errors or omissions
and exerting control over the situation by pausing and taking time to scan the
environment might be an important strategy to compensate for neglect. Similarly, suitable
strategies might be developed for patients suffering from neglect in combination with
visual field deficits, who were excluded from the present study.
In conclusion, previous research has pointed out that computerized (dual) tasks may be
very useful in the assessment of neglect (Schendel and Robertson, 2002; Bonato and
Deouell, 2013). Before any recommendation can be made about the use of these tasks for
training, further research is needed. Alongside the abovementioned methodological
suggestions, future research might focus on the relationship between ameliorations on
dual task performance and the performance on other outcome measures. For example, a
relationship between CVRT-D performance and measures standing balance has recently
been found (Van Kessel et al., in preparation). It would be worthwhile to investigate
whether possible training effects on driving simulator tasks might also be reflected in the
reduction of neglect symptoms in real-life tasks like walking or (wheelchair) driving.
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General discussion
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In this thesis, visuospatial neglect was investigated from different points of view. In this
section the results of these investigations will be discussed and some gerenal conclusions
will be drawn.
Spatial asymmetries, non-lateralized attention and their association
In chapter 2, we described how various authors appear to consider neglect symptoms as
an aggregate of lateralized attentional bias and general attention problems. We explored
performances on the BIT and in a computerized visual detection task, i.e. the CVRT. Our
findings were in concordance with the notion that non-lateralized attention deficits may
not be considered as the main causal factors for neglect, but that they could contribute to
the syndrome (Farnè et al., 2004) and that they may exacerbate the severity of neglect
(Husain and Rorden, 2003). The patients described in our studies showed various degrees
of spatial asymmetries and ipsilesional slowness in a Computerized Visual Reaction Task
(CVRT). Moreover, in patients with spatial bias, a difference in non-lateralized attention
was found between those who were and were not able to succesfully complete paperand-pencil tasks.
Several authors have suggested that an increase in attentional load in a dual task
could exacerbate the severity of asymmetrical performance in neglect patients and might
bring up neglect symptoms in patients without obvious neglect in single tasks (Robertson
and Frasca, 1992; Robertson and Manly, 2004). Our dual task results in chapter 3 largely
confirm this idea: as a whole, both RH and LH patient groups showed increased RT
asymmetries from single to dual task. Moreover, a small number of patients without clear
asymmetries in simpler tasks showed distinct asymmetries in dual task performance.
However, a more detailed look at the changes in ipsilesional RTs and RT asymmetries
between single and dual task revealed a more varied picture: it was observed that some
patients showed increases in ipsilesional slowing but not in RT asymmetry and vice versa,
whilst other patients showed neither or both. Dissociations between ipsilesional slowing
and increased asymmetry were observed both in patients with and without defective BIT
performance (as a measure of visuospatial neglect). Thus, the different combinations that
were observed in the interactions of spatial and non-spatial attention might rather point
toward a large heterogeneity between patients than toward an unambiguous and
unidirectional association between spatial and non-spatial attention processes.
The presence of neglect has repeatedly been related to lesions of a frontoparietal
network in the RH (Farnè et al., 2004; Thiebaut de Schotten et al., 2005; Bartolomeo et al.,
2007; Committeri et al., 2007; He et al., 2007). This might explain both the specific
deterioration on the dual task in many RH patients and the heterogeneity in performances
in this group. More specifically, this frontoparietal system might play an important role in
maintaining attentive control, in responding to salient stimuli and in shaping the flexible
reconfiguration of behaviour between these two behavioural modes (Singh-Curry and
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Husain, 2009). Thus, damage to this network might cause various effects. Several other
authors describe how non-spatial processes play an important role in exerting top-down
influence on lower level spatial perception and awareness in neglect (Bartolomeo &
Chokron, 2002; Natale, Posteraro, Prior & Marzi, 2005; Vuilleumier et al., 2008). Nonlateralized attention processes might not directly influence spatial bias per se, but could
play a decisive role in the patients’ resources engaged in the maintenance of attentive
control in the exploration of visual space and be used to compensate for spatial bias.
Computerized dual tasks might be specifically suitable to address both these mechanisms.
Representations of body axes and contralesional drifting
In chapter 4, we described how hemineglect appeared to have an adverse influence on
standing balance. Postural instability in patients with neglect has been related to a
disturbed body scheme (Pérennou et al., 2001) and to shifts in the subjective body axes
(Rousseaux et al., 2013). Rousseaux et al. (2013) suggest that a contralesional tilt of the
subjective vertical might interact with an ipsilesional rotation of the subjective straight
ahead in neglect patients. Indeed, in chapter 5, we observed a significant correlation
between RH patients’ standing balance and their lateral position in a driving simulation
task, the latter in turn being associated with RT asymmetries in dual task performance. In
general, RH patients who tended to drift toward the left side beared most weight on the
right leg when standing.
Contralesional drifting in neglect might be task-dependent and occur above all in
wheelchair driving (Turton et al., 2009). In walking, the direction of the deviation in
patients with neglect could depend on their walking skills (Huitema et al., 2006). It might
result from these patients’ efforts either to align their perceived body midline with the
depicted end of the road or to push away from the right verge.
Clinical and non-systematic observations in our neglect patients performing the lane
tracking task show that these patients generally complain about the lack of spatial
reference in this task and ask for a dashboard/bonnet/Mercedes star, whereas none of
the healthy controls or patients without neglect expressed this need. Indeed, in some
neglect patients, the addition of an external frontal reference (for instance a pencil
pointing straight ahead) led to a remarkably improved performance. Moreover, patients
with clear neglect symptoms tended to steer toward the left verge, while looking at the
right verge and (while the projected image was shaking up and down to indicate that they
drove in the verge) trying to turn the steering wheel even further to the left. When asked
in which verge they were driving, these patients consistently reported that they were in
the right verge. In contrast, healthy controls and non-neglect patients tended to look
toward the horizon and position themselves right of the dashed line in the middle of the
road.

ϭϲϵ

8

Although preliminary, these observations fit well with the idea of an ipsilesionally shifted
representation of the sagittal body midline and subjective straight ahead in neglect
patients and are informative about these patients’ positioning behaviour. In the study of
Huitema et al. (2006) the RH neglect patients with good walking skills initially drifted
toward the left, but finally walked (adequately) toward the physical endpoint (ball) that
was then on their right side. Our observations suggest that when patients are not directed
toward a clear goal in front of them, they may be mainly focused at pushing away from
the right verge. This brings up the question whether patients would stop drifting
contralesionally if only the road would be wide enough (see also Punt et al., 2008). And,
more importantly, whether it would be possible to train patients to redirect themselves to
visible or imaginary ‘goals’ right in front of them.
Rehabilitation of neglect
In chapter 6, we reviewed four novel methods in neglect rehabilitation, i.e. non-invasive
brain stimulation, pharmacological therapies, prism adaptation and virtual reality (VR).
Although some promising results have been reported, it was concluded that there is not
sufficiënt evidence to support the efficacy and to give preference to one of these
techniques. Various suggestions for further research were made, for instance regarding
the combination of various techniques and the development of individually tailored
interventions. Here, the distinction between ‘bottom-up’ and ‘top-down’ techniques may
be of particular relevance. Bottom-up techniques might contribute to spontaneous
recovery by stimulating brain plasticity, whereas top-down techniques require a more
active participation of the patient and thus moderate to good levels of motor functioning,
attention and understanding of instructions. This is for instance the case in VR techniques
like driving simulator training. Furthermore, patients need to develop some form of
strategic behaviour in order to execute VR tasks successfully. This requires sufficient levels
of awareness of deficit, self- and error monitoring and behavioural adaptation. These
abilities are often absent or strongly reduced in neglect patients. Thus, it can not be
expected that the mere exposure to VR tasks leads to improved visuospatial performance
in neglect patients. Instead, systematic training is probably required.
In chapter 7, we used standard TSVS visual scanning training (Pizzamiglio et al.,
1990/1992) as a basis and added single lane tracking in the control condition and CVRT-TR
dual task training in the experimental condition. Although both groups showed improved
performance on most paper-and-pencil tasks, observation scales, lane tracking position
and left RTs in the CVRT, no significant differences between our groups were found. We
argued that not only more time is needed to train patients to use compensation
techniques, but that also systematic training aimed at gradually increasing task difficulty
levels and practice strategy use are mandatory. Moreover, following the suggestions of
Kerkhoff and Schenk (2012) and Saevarsson et al. (2011), combinations of bottom-up and
ϭϳϬ

top-down training techniques could be used. For instance, patients who in the acute stage
of their illness have been treated with bottom-up techniques like medication or rTMS
might be more proficient at using VR techniques in a later, more chronic stage and learn
more easily to compensate for their remaining symptoms.
Study limitations and recommendations for future research
The results of our investigations described in the chapters 2, 3 and 5 of this thesis are
promising with regard to the use of computerized tasks like the CVRT and CVRT-D as
sensitive and ecologically valid methods to detect visuospatial neglect symptoms and to
predict neglect patients’ skills in mobility tasks. On the other hand, in the absence of an
undisputed golden standard no unequivocal determination of the number of patients with
and without neglect could be made and the question whether asymmetries or leftward
deviations that were observed should be called neglect or not remains open. Also, we
used different asymmetry indexes in chapters 2 and 3, to either make comparisons
between patients or compare asymmetric performances between tasks.
Obviously, more research is needed to ascertain the specificity and predictive value
of our tasks and measures should be developed that better reflect the patients’
performances and that allow comparisons between patients and tasks. This may not be
easy, because of the lack of a ‘golden standard’ in the assessment of visuospatial neglect.
Given the heterogeneity among neglect patients, it has been generally recommended that
more than one (paper-and-pencil) task should be used in clinical testing of neglect (Lindell
et al., 2007). Moreover, the finding that computerized tasks detect more subtle
asymmetry than paper-and-pencil tasks (see also Deouell et al., 2005; Bonato et al.,
2010/2012; Peskine et al., 2011) indicates that these tasks could thus be superior to
common neglect tasks. Thus, it might be preferable to investigate the sensitivity and
specificity of computerized neglect tasks in relation to various measures of daily
functioning (see for instance Bonato et al., 2012; Erez et al., 2009).
Also, it might be worthwhile to further examine these tasks with respect to the
overlap and the patterns of association or dissociation with measures of non-lateralized
attention focus and control. Although fast ipsilesional RTs and successful dual task
performance are obviously indicative of intact non-lateralized attentional focus and
control, various deficits might underly abnormal performances on the CVRT, lane tracking
task and CVRT-D. For instance, to investigate the possible role of sustained attention or
vigilance problems, order randomization and repeated presentation might be useful in the
administration of the single and dual subtasks. Moreover, although in chapter 5 we
computed correlations between lane tracking and RT measures, no measure was available
that could reflect the patients’ skills in performing these two tasks in association, i.e. their
capacity for attentional control in dual tasking. Since CVRT-D lane tracking and dot
detection might be specifically difficult for patients with spatial deficits, it might be useful
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to compare the CVRT-D to dual tasks in other modalities. For instance, Bonato et al. (2010)
found an increase in contralesional omissions as a result of adding secondary tasks in both
the visual and the auditory modality. Replication of these findings might strengthen the
indication that dual tasks like the CVRT-D are fitting measures of attentional control.
Given the resemblance of the lane tracking and CVRT-D subtests to a car driving
situation, one might assume that this task could be useful in predicting traffic participation
as a car driver. However, since the complexity of the dual task is rather low and task
requirements were modest (when compared with real traffic participation), its difficulty
level might rather be comparable to tasks like walking and wheelchair or scoot mobile
navigation. Further research is to define the predictive validity of single and dual lane
tracking with regard to either of these tasks. Also, lane tracking results reported in chapter
5, together with the abovementioned clinical observations of our neglect patients
performing lane tracking, may foster more standardized experiments into the mechanisms
at work during dynamic tasks in which patients are required to position themselves in
space. Registering gaze direction and posture, manipulating the width of the road and
adding reference points that patients would have to reach or avoid, or include spatial
references might be informative with regard to the patients’ behaviour.
Regarding the training of neglect patients with the CVRT-TR task as reported in
chapter 7, it was already mentioned that – because of limited group sizes, large
heterogeneity between patients and lack of long-term follow-up – this study only reports
preliminary evidence. Also, given the absence of a no-treatment control group, it could
not be entirely ruled out that improved performance in both groups after training was due
to spontaneous recovery or test–retest learning effects. Several suggestions for further
research were made. First, it might be worthwhile to evaluate which patients might
benefit from dual task training and reconsider inclusion criteria for this training:
unfortunately the CVRT-TR turned out to be too difficult for some of the participating
patients whilst the present inclusion criteria led to the exclusion of patients with milder
degrees of neglect. Furthermore, some recommendations were made for other training
schedules allowing for more dual task practice, since the differences between the training
conditions used in this study were rather small. It was recommended that a gradual
increase of difficulty levels and the training of cognitive strategies to be used in lane
tracking would have to be integrated in the training protocol. The results of experiments
as conducted might guide these developments. Finally, it may be important to investigate
whether possible training effects on driving simulator tasks might be reflected not only on
paper-and-pencil and trained simulator tasks but also on the reduction of neglect
symptoms in real life.
To conclude, some general shortcomings of the studies reported in this thesis have to be
mentioned. First, in all the reported studies, group sizes were limited. Replication of the
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present results in larger groups is recommended. Moreover, the importance of imaging
data should be underlined: these data might be very useful in testing hypotheses
regarding associations and dissociations between various spatial and non-lateralized
components of neglect and their relation to certain brain areas. In the long term, imaging
data might also be valuable in the tailoring of interventions for individual patients.
Clinical recommendations
Several recommendations with reference to the assessment and treatment of visuospatial
neglect may be derived from the studies reported in this thesis. First, when paper-andpencil tasks are used in assessment, the computation of asymmetry scores improve the
specifity of the task, at least in LH patients, Moreover, the use of visuospatial RT tasks,
specifically those in which right versus left asymmetries in RTs can be computed, clearly
increases the sensitivity for spatial attentional bias. Though no normative data are actually
available, asymmetric performance might draw the attention of therapists and clinicians
to eventual problems that patients with asymmetric RT performance might encounter in
more complex daily life tasks. The same applies to contralesional drifting in driving
simulator tasks. The CVRT-D provides a safe and highly standardized environment that
gives an indication of possible deficits that are encountered by patients in performing
tasks that require visual exploration and dual task performance. The CVRT-D might be
combined with observation scales like the Catherine Bergego Scale (Azouvi et al., 2002) or
the semistructured scale for the functional evaluation of neglect (Zoccolotti et al., 1992) to
improve the evaluation of the impact of neglect on daily life.
In the treatment of neglect, bottom-up interventions like pharmalogical therapies,
rTMS or prism adaptation might be applied in the acute phase. Patients who still show
neglect symptoms in the post-acute phase might benefit from visual scanning training.
More research is needed about the applicability of additional VR training. Specifically,
training techniques that teach patients how to navigate in space should be developed and
evaluated. Thus, for the present, tasks like the CVRT, lane tracking and CVRT-TR are
considered to be mostly useful in the diagnosis of spatial bias.
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Summary
This thesis addresses various theoretical and practical aspects of visuospatial neglect. Key
concepts are briefly explained in the Introduction.
Part I. Spatial asymmetries, non-lateralized attention aspects and their association
In chapter 2, we explored performances on the BIT and in a computerized visual detection
task, i.e. the CVRT, in 21 LH and 24 RH stroke patients and 20 healthy subjects. By using RT
asymmetry scores in the CVRT, more patients fell into the neglect category than by using
the BIT or (asymmetries in) CVRT omissions. This suggests that RT asymmetry scores are a
sensitive measure that can be used to detect spatial attention bias. Asymmetries in
omissions, contralesional RTs and RT asymmetries were significantly higher in the RH
patients compared to LH patients and healthy controls, indicating that this group
contained more patients with spatial bias. Furthermore, of the patients with defective RT
asymmetry scores in the CVRT, those who also showed neglect on the BIT had significantly
longer ipsilesional RTs in the CVRT. No differences were found regarding the degree of RT
asymmetry between patients with normal and abnormal BIT scores. Thus, slow ipsilesional
RTs, reflecting the presence of general attention deficits, appear to contribute to the
exacerbation of neglect symptoms and a worsening of test performance in RH patients
with a lateralized bias. Specifically in more simple tasks, patients with attentional bias but
normal ipsilesional RTs might compensate for their exogenous orienting deficit by means
of relatively intact endogenous searching processes. RT tasks may then contribute to the
detection of asymmetries in spatial attention.
In chapter 3, the CVRT was combined with a simulated lane tracking task, so as to create a
dual task (CVRT-D) that would enable exploration of the influence of increased attentional
load on neglect symptoms. Comparisons between CVRT and CVRT-D performances were
made in 21 LH and 22 RH patients and in 20 healthy subjects. In the dual task, twice as
many RH and LH patients made more than one omission compared to the single task. RH
patients generally showed higher contralesional RTs and asymmetry scores than LH
patients and controls. However, whilst a clear increase in contralesional slowing and RT
asymmetries between CVRT and CVRT-D was observed, the amount of increase did not
differ between both patient groups. Moreover, within both patient groups, correlations
between RT asymmetries and ipsilesional RTs were significant in the single task but not in
the dual task, indicating that increased attentional load may result in different degrees of
lateralized and general attentional problems. Thus, these problems may co-occur, but also
be dissociated, especially under the influence of increased task load. In some patients with
neglect symptoms on the BIT, RT asymmetries were clearly augmented under increased
attentional load. Moreover, the dual task brought about RT asymmetries in two patients
ϭϴϭ

without neglect symptoms on the BIT and CVRT, fostering the idea of a (re-) emergence of
subtle or recovered neglect under increased attentional load. Dual task performance may
draw attention towards patients who, without obvious signs of neglect on paper-andpencil tasks, may show visuospatial attention deficits in complex situations.
Part II. Neglect symptoms and daily functioning
In chapter 4, the longitudinal association between visuospatial hemineglect and postural
imbalance was investigated in 53 postacute LH and RH stroke patients with and without
neglect by using random coefficient analysis. Observation scales for walking balance (FAC)
and standing balance during various tasks (BBS) as well as two BIT paper-and-pencil tasks
for neglect were administered within two weeks after admission to rehabilitation and then
after 6 and 12 weeks. Possible confounders that were controlled for were age, severity of
paresis, sensory deficits and hypertonia. Hemineglect appeared to have an adverse
influence on postural control. Severity of paresis of the lower limb significantly distorted
the longitudinal relationship between the LSCT asymmetry index on the one hand and BBS
and FAC on the other. After controlling for severity of paresis, hemineglect remained
significantly and independently related to standing balance (BBS), whereas the association
between hemineglect and walking balance (FAC) lost significance. Sensory deficits,
hypertonia, and age did not significantly influence the longitudinal association between
hemineglect and postural imbalance in our study. The severity of hemineglect
substantially decreased over time, but hemineglect could be considered an important
factor contributing to deficits in standing balance in the first months after stroke.
Chapter 5 addressed the relationship between tracking performance on the one hand and
measures of neglect and daily functioning on the other in 21 RH and 22 LH subacute stroke
patients. Since neglect has been associated with a shift or rotation in the subjective
representation of the sagittal body axis, it was expected that veering toward the
contralesional side would be observed specifically in the RH group, together with more
oscillating movements. Moreover, correlations were expected between these behaviours
and other signs of neglect like contralesional slowing of RTs and defective performance on
paper-and-pencil tasks. Finally, since it has been suggested that shifts in the
representation of the sagittal body axis might be associated with shifts in the subjective
longitudinal body axis (or subjective vertical), a relationship between tracking deviations
on the one hand and standing balance and performance on rating scales for daily
functioning and mobility on the other was expected. Indeed, in the RH group, significant
correlations were found between lane tracking position and RT asymmetries in the dual
task as well as asymmetrical standing balance. On the other hand, in the LH group, lane
tracking oscillations were associated with general slowness as measured by ipsilesional
RTs and with daily functioning in selfcare. The findings in the LH patients seem associated
ϭϴϮ

with more generalized deficits, whereas the observations in the RH patients suggest that
spatial representations play a specific role in their performances.
Part III. Neglect rehabilitation
Four approaches to the remediation of left visuospatial neglect that have emerged in the
last decade were reviewed in chapter 6. Non-invasive brain stimulation by means of
transcranial magnetic stimulation (TMS) or transcranial direct current stimulation (tDCS),
treatment by means of dopaminergic and noradrenergic drugs, prism adaptation and
virtual reality technologies are discussed. The conclusion is that there still is insufficient
unbiased evidence to support their effectiveness and the therapeutic claims of either of
these new approaches. In general, the new neglect rehabilitation techniques seem
promising. However, further research should focus on the maintenance of therapy
outcome over time, on more functional evaluation of treatment effects and on the
exploration of optimal combinations of treatments.
Chapter 7 focusses on the evaluation of the addition of a dual task component to an
existing visual scanning training (i.e., Training di Scanning Visuospaziale – TSVS) that is
aimed at training patients to consciously pay attention to the contralesional side. A
control group of 15 RH neglect patients receiving standard training was compared to an
experimental group of 14 RH neglect patients who received similar training, but with the
integration of a driving simulator task in the training procedure. Various neglect tests and
driving simulator tasks were administered before and after training. Although significant
improvements after training were observed in both groups taken together on most tasks,
no additional positive effects of dual task training were observed in the experimental
group.
Finally, in the General discussion, theoretical and practical implications of the
abovementioned studies are explored.
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Samenvatting
In dit proefschrift worden verscheidene theoretische en praktische aspecten van
visuospatieel neglect (kortweg neglect) belicht. Neglect is een stoornis in de ruimtelijke
aandacht, die voorkomt bij een groot deel van de patiënten met een CVA, meestal in de
rechter hersenhelft. Deze patiënten ‘negeren’ de helft van hun eigen lichaam en de ruimte
om hen heen aan de tegenovergestelde zijde van het hersenletsel (de contralesionale
zijde; bij RH dus de linkerkant van de ruimte). Zij besteden geen aandacht aan wat er aan
deze kant gebeurt. Zo ‘vergeten’ ze bijvoorbeeld deze lichaamshelft te verzorgen, botsen
met de rolstoel tegen deurposten aan de linkerkant en zoeken niet aan de linkerkant als ze
iets kwijt zijn. Vanwege hun stoornis bereiken patiënten met neglect in de revalidatie vaak
minder goede resultaten dan patiënten zonder neglect. Een aantal centrale concepten die
samenhangen met neglect wordt kort uitgelegd in de Inleiding. Hierbij wordt o.a.
aandacht besteed aan de samenhang tussen de ruimtelijke aspecten van aandacht (de
asymmetrie tussen prestaties aan de linker- versus de rechterkant van de ruimte) en nietruimtelijke aandachtsprocessen zoals algemene alertheid en het vermogen om te
schakelen en meerdere dingen tegelijk te kunnen doen. Er zijn steeds meer aanwijzingen
dat deze laatste processen invloed hebben op de ruimtelijke asymmetrie die het
belangrijkste kenmerk is van neglect.
Deel I. Ruimtelijke asymmetrie, niet-ruimtelijke aspecten van aandacht en het verband
hiertussen
In Hoofdstuk 2 onderzochten we prestaties op een aantal pen-en-papiertaken (subtests
van de Behavioural Inattention Test; BIT) en een gecomputeriseerde visuele detectietaak
(de CVRT) in 21 links- (LH) en 24 rechtshemisferische (RH) CVA-patiënten en 20 gezonde
controles. Wanneer asymmetrie in CVRT reactietijden (RTs) als maat werd gebruikt, vielen
meer patiënten in de neglectcategorie dan bij het gebruik van BIT of (asymmetrie in)
omissies op de CVRT. Dit wijst erop dat asymmetriescores berekend o.b.v. RTs een
sensitieve maat kunnen zijn voor het detecteren van bias in de ruimtelijke aandacht. In RH
patiënten kwam, vergeleken met LH patiënten en gezonde controles, significant meer
asymmetrie voor in omissies en RTs en was sprake van langere contralesionale RTs. Dit
wijst erop dat in deze groep de meeste patiënten met een bias in de ruimtelijke aandacht
voorkwamen. Van de RH patiënten met een afwijkende asymmetrie in RTs op de CVRT
hadden degenen die bovendien ook neglect lieten zien op de BIT significant langere
rechtszijdige RTs op de CVRT. De mate van asymmetrie in RTs was echter gelijk in RH
patiënten met normale en afwijkende BIT scores. Traagheid in ipsilesionale RTs, indicatief
voor algemene aandachtsproblemen, lijkt dus bij te dragen aan een versterking van
neglectsymptomen en verminderde testprestaties in RH CVA-patiënten met een bias in de
ruimtelijke aandacht. Vooral in eenvoudiger taken zouden patiënten met een bias in de
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ruimtelijke aandacht maar normale ipsilesionale RTs mogelijk kunnen compenseren voor
hun exogene oriëntatiestoornis middels relatief intacte endogene zoekprocessen.
Reactietijdtaken zouden dan ook kunnen bijdragen aan de detectie van asymmetrie in de
ruimtelijke aandacht.
In Hoofdstuk 3 werd de CVRT gecombineerd met een rijsimulatietaak, om zo een
dubbeltaak te creëren (CVRT-D) waarmee het mogelijk zou zijn het effect van toegenomen
eisen aan de algemene aandacht op neglectsymptomen te bestuderen. Prestaties op de
CVRT en de CVRT-D werden vergeleken in 21 LH en 22 RH patiënten en 20 gezonde
controles. Vergeleken met de enkeltaak maakten in de dubbeltaak tweemaal zoveel RH en
LH patiënten meer dan één omissie. RH patiënten hadden in het algemeen langere
contralesionale RTs en hogere asymmetriescores dan LH patiënten en controles. Hoewel
sprake was van een duidelijke toename in contralesionale traagheid en asymmetrie in RTs
van de CVRT naar de CVRT-D, was er echter geen verschil tussen beide patiëntengroepen
in de mate van deze toename. Binnen beide patiëntengroepen waren bovendien de
correlaties tussen asymmetrie in RTs en ipsilesionale RTs significant in de enkeltaak maar
niet in de dubbeltaak. Een toegenomen beroep op de algemene aandacht lijkt in
verschillende mate te kunnen resulteren in ruimtelijke en algemene aandachtsproblemen.
Deze problemen kunnen gezamenlijk optreden, maar ook afzonderlijk van elkaar. In
sommige patiënten met neglect op de BIT werd de asymmetrie in RTs duidelijk versterkt
onder invloed van toegenomen taakeisen. Bovendien bracht de dubbeltaak asymmetrie in
RTs naar voren in een aantal patiënten zonder neglectsymptomen op de BIT of de CVRT,
wat past binnen het idee dat subtiel of grotendeels hersteld neglect (weer) zichtbaar zou
kunnen worden wanneer een groter beroep wordt gedaan op de aandacht. Voor clinici
kunnen dubbeltaken dan ook relevant zijn om attent te blijven op patiënten bij wie,
zonder dat sprake is van duidelijke neglectsymptomen op pen-en-papiertaken,
visuospatiële aandachtsproblemen toch een rol kunnen spelen in meer complexe
situaties.
Deel II. Neglectsymptomen en functioneren in het dagelijks leven
In Hoofdstuk 4 werd middels random coëfficiënt analyse het lange termijn verband tussen
neglect en balansproblemen onderzocht bij 53 postacute LH en RH CVA-patiënten.
Observatieschalen voor loopbalans (FAC), stabalans gedurende meerdere taken (BBS) en
twee BIT papier-en-pentaken werden binnen twee weken na opname in het
revalidatiecentrum afgenomen en herhaald na 6 en 12 weken. Er werd gecontroleerd voor
leeftijd, ernst van de parese, sensorische stoornissen en hypertonie. De aanwezigheid van
neglect bleek een negatieve invloed te hebben op houdingscontrole. Ernst van de parese
gemeten in het been beïnvloedde de relatie tussen de pen-en-papiertaken enerzijds en de
BBS en FAC anderzijds significant. Nadat hiervoor werd gecontroleerd, bleef neglect
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significant en onafhankelijk gerelateerd aan stabalans (BBS), terwijl de relatie tussen
neglect en loopbalans (FAC) de significantie verloor. Sensorische stoornissen, hypertonie
en leeftijd beïnvloedden het verband tussen neglect en balansproblemen niet significant.
De mate van neglect nam mettertijd af, maar neglect lijkt een factor die in belangrijke
mate bijdraagt aan stoornissen in de stabalans in de eerste maanden na CVA.
Hoofdstuk 5 was gericht op de relatie tussen prestaties op de rijsimulatietaak enerzijds en
maten voor neglect en dagelijks functioneren anderzijds. 21 RH en 22 LH subacute CVApatiënten werden onderzocht. Aangezien neglect wel in verband wordt gebracht met een
verschuiving of rotatie in de subjectieve representatie van de sagittale as van het lichaam
naar de ipsilesionale zijde, werd vooral in de RH patiënten een afwijking naar de
contralesionale zijde verwacht, in combinatie met meer slingerbewegingen. Bovendien
werden correlaties verwacht tussen dit gedrag en andere tekenen van neglect zoals trage
contralesionale RTs en afwijkende prestaties op pen-en-papiertaken. Aangezien
verschuivingen in de representatie van de sagittale lichaamsas ook in verband gebracht
zijn met verschuivingen in de longitudinale lichaamsas (subjectieve verticaal), werd
tenslotte een relatie verwacht tussen afwijkingen in het sturen enerzijds en prestaties op
observatieschalen voor dagelijks functioneren en mobiliteit anderzijds. Inderdaad werden
in de RH patiënten significante correlaties gevonden tussen stuurpositie en asymmetrie in
zowel dubbeltaak-RTs als stabalans. In de LH groep daarentegen waren slingerbewegingen
tijdens het sturen geassocieerd met algemene traagheid zoals gemeten middels
ipsilesionale RTs en met minder goed dagelijks functioneren in de zelfzorg. De bevindingen
in de LH groep lijken het gevolg van meer algemene problemen, terwijl de observaties in
de RH patiënten suggereren dat een specifieke rol is weggelegd voor ruimtelijke
representaties.
Deel III. Revalidatie van neglect
Vier benaderingen voor de behandeling van linkszijdig neglect die in de laatste tien jaar
een opkomst hebben gekend, passeerden de revue in Hoofdstuk 6. Non-invasieve
hersenstimulatie door middel van transcraniële magnetische stimulatie (TMS) of
transcraniële gelijkstroomstimulatie (tDCS), behandeling door middel van dopaminerge en
noradrenerge medicatie, prisma-adaptatie en virtual reality technologieën worden
besproken. Geconcludeerd moet worden dat er nog onvoldoende eenduidig bewijs is om
de effectiviteit en de werkzaamheid in de praktijk van deze nieuwe benaderingen te
ondersteunen. De nieuwe behandelmethoden lijken veelbelovend, maar verder
onderzoek lijkt nodig, bijvoorbeeld gericht op het evalueren van therapieresultaten op de
lange termijn en in termen van functioneren. Daarnaast lijkt het zinvol combinaties van
meerdere behandelmethoden te onderzoeken.
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Hoofdstuk 7 was gericht op de evaluatie van de effecten van het toevoegen van een
dubbeltaak aan een bestaande visuele scanningtraining (Training di Scanning
Visuospaziale - TSVS), waarin worden getraind om bewust aandacht te besteden aan de
contralesionale zijde. Een controlegroep van 15 RH neglectpatiënten die standaard
training kregen, werd vergeleken met een experimentele groep van 14 RH
neglectpatiënten die dezelfde training kregen, maar met daarin geïntegreerd het oefenen
middels een rijsimulatortaak. Diverse neglecttests en rijsimulatortaken werden
afgenomen voor en na de training. Hoewel beide groepen na de training significant
verbeterd waren op de meeste taken, werden geen toegevoegde positieve effecten van
dubbeltaaktraining waargenomen in de experimentele groep.
Tot slot wordt in de Algemene discussie aandacht besteed aan de theoretische en
praktische implicaties van de bovengenoemde studies. Aanbevelingen voor toekomstig
onderzoek worden gedaan. Geconcludeerd wordt dat het in de klinische praktijk zinvol
lijkt om reactietijdtaken toe te voegen aan de diagnostiek, met name om subtiele
neglectsymptomen te kunnen detecteren. Hetzelfde geldt voor rijsimulatietaken: deze
zouden op een veilige manier zicht kunnen geven op mogelijke problemen bij het
uitvoeren van complexe dynamische taken. Bij de behandeling van neglect zouden in de
acute fase interventies als medicatie, rTMS of prisma-adaptatie kunnen worden
overwogen. Patiënten die in de postacute fase nog steeds neglectsymptomen hebben,
zouden kunnen profiteren van visuele scanningstraining. Om het gebruik van virtual reality
te ondersteunen is meer onderzoek nodig naar de doelgroep voor wie dit bruikbaar zou
zijn en naar goede manieren om patiënten het uitvoeren van dubbeltaken stapsgewijs aan
te leren. Vooralsnog lijken taken zoals de CVRT en CVRT-D dus vooral bruikbaar bij de
diagnostiek van asymmetrie in de ruimtelijke aandacht.
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Lieve papa en mama, Ruud en Sthembile, dank dat jullie er zijn. Ik ben blij met jullie liefde
en steun.
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