Multimodal deficits in right brain
damaged patients with and without
neglect and their modulation by

sensory stimulation techniques

Dissertation
zur Erlangung des akademischen Grades eines
Doktors der Philosophie
der Philosophischen Fakultat 111

der Universitat des Saarlandes
vorgelegt von
Dipl. Psych. Alisha Maria Sophia Rosenthal

aus Saarlouis

Saarbrticken, 2015



Dekan: Univ.-Prof. Dr. phil. Roland Brinken, Universitét des

Saarlandes

Berichterstatter: Univ.-Prof. Dr. phil. Georg Kerkhoff, Universitét des
Saarlandes
Univ.-Prof. Dr. phil. Thomas Schenk, Ludwig-

Maximilian-Universitat Miinchen

Tag der Disputation: 11.11.2015



Abstract

Spatial neglect is a neurological disorder most often caused by vascular, right
hemispheric brain damage. It is mainly characterized by a failure to attend,
orient to or react to stimuli presented in the contralesional hemispace. By
definition, neglect is seen as a higher order spatial disorder not merely caused
by a sensory (e.g. hemianopia) or motor (e.g. hemiplegia) deficit. This
definition includes the aspect of multimodality, which plays a central role in
the assessment and therapy of the syndrome. Neglect may affect any sensory
modality (visual, auditory, olfactory, tactile) or motor as well as
representational aspects, leading to deficits in daily life, such as spatial
orientation and navigation, visual exploration or auditory localization. Several
studies in the last decade addressed the assessment and modulation of those
neglect associated deficits using sensory, bottom-up stimulation techniques like
galvanic vestibular stimulation or neck-proprioceptive  stimulation (e.g.
varying head-on-trunk-orientation), which are regarded as promising
techniques to ameliorate the syndrome. Interestingly, in these studies, it was
observed that not only neglect patients, but also right brain damaged patients
without spatial neglect, serving as patient control groups have peculiarities in
performing those tasks, and show associations (e.g. disorganized search
strategies) as well as dissociations (e.g. non-lateralized exploration behavior)
compared to neglect patients.

The present doctoral thesis addressed the aspect of multimodality for the
visual, auditory and tactile domain concerning exploration as well as
localization and identification. In both studies, visual neglect screening tests
were used to assign right brain damaged patients to any of the two patient

subgroups (right brain damaged controls vs. neglect patients).

In study 1, visual and tactile exploration behavior was analyzed using the same
task for both modalities, allowing a direct comparison of search patterns
concerning omissions and perseverations (repetitive search) as well as their
modulation by galvanic vestibular stimulation. Subjects were instructed to
name 96 stimuli on a large exploration board either with (visual condition: each

of the 96 stimuli had to be named by terms of shape and attached) or without
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(tactile condition: blindfolded subjects were asked to name each stimulus’

shape by only using the ipsilesional, i.e. right hand) the help of vision.

The typical neglect associated lateralization bias (left-right-gradient) in
exploration was found in both modalities in neglect patients, with higher
omission rates in the left compared to the right hemispace of the search board
in both tasks (visual and tactile), even if that difference of leftward vs.
rightward attention bias did not reach a significant statistical level. No such
gradient was found in right brain damaged controls. A similar pattern was
found for perseveration rates in neglect patients, showing a rightward bias in
repeated search, whereas right brain damaged controls showed similar
repetition rates in their search in both hemifields.

Interestingly, right brain damaged patients without neglect also showed deficits
in exploration behavior compared to healthy controls. They showed omission
rates in the left and right hemispace in the visual task as well as in the left
hemispace of the tactile task, which scored between those of neglect patients
and healthy controls. In the right hemispace of the tactile task, they even
performed on the same level as neglect patients. Perseveration rates were even
higher in the left hemispace compared to neglect patients, while both patient
groups showed similar perseveration rates in the left hemispace. Notably, all
three subject groups, including the healthy controls, showed a similar, high
level of perseverations in the tactile task across the whole exploration board.

In the present study 1, galvanic vestibular stimulation did not have any clear
ameliorating effect on the exploration performance.

The results are discussed with respect to recent literature on the basis of the
assumption of a multimodal representation of space, which seems to be
impaired in right brain damaged patients with and without neglect in various

degrees.

Study 2 investigated the characteristics of auditory neglect concerning auditory
localization and identification performance and its modulation by passive head-
on-trunk-rotation (passive head rotation 20° left vs. straight vs. 20° right, the
trunk remained in straight position in all conditions) as a form of neck-

proprioceptive sensory stimulation. Similarly to the visual system, the auditory
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system is assumed to be organized in two main processing paths, namely a
dorsal (“where” and “how”) and a ventral (“what”) stream providing different
auditory functions. While localization seems to be realized by the dorsal
auditory processing stream, identification tasks are assumed to be processed
preferentially in the ventral stream.

In the first task (experiment 2a), subjects’ auditory subjective median plane
(ASMP) was measured for sound locations in the horizontal plane presented
via headphones using binaural sound parameters derived by head related
transfer functions (HRTF), simulating a sum of 37 sound locations with 90° to
le left and right from the subjective midline of the subject in azimuth (=the
horizontal plane). While there was a right sided shift of the ASMP observable
in head straight and head right conditions in those patients with left neglect,
passive leftward head rotation led to a significant shift of the ASMP to the left,
resulting in a relocation of the ASMP and transient amelioration of auditory
neglect.

Furthermore, that ameliorating effect of passive head rotation was also
observable in the second task which was an auditory identification task.
Subjects were asked to perform a same-different task using pairs of
monosyllabic words presented in a left (-90°, -30°), a central (-30°, +30°), or a
right space sector (+30°, +90°) in the horizontal plane. As in experiment 2a
sounds were monosyllabic words. Their spatial position in the horizontal plane
was manipulated by using the directional dependent head-related transfer
functions (HRTF) for these different spatial positions. The final sounds were
monosyllabic words with a definite spatial position in azimuth, and were
delivered via headphones. Although sound localization did not have to be
explicitly computed by the subjects, it did affect the performance in the
identification task: the proportion of correctly identified word pairs followed a
left-to-right gradient with highest proportions of correct identifications in the
right (ipsilesional) sector in the neglect group. Interestingly, passive head
rotation to the left — with unchanged auditory input via headphones -
significantly increased the proportions of correct word pair identifications in
the left and mid spatial position of the tasks, selectively in the group of neglect

patients. These results are also discussed with respect to current literature and
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on the basis of the assumption of the two auditory processing streams

mentioned above.

The results of both studies indicate four aspects, which are discussed in more
detail with respect to current literature: a) visual neglect screening tests seem to
be suitable to identify neglect patients with multimodal neglect associated
deficits; b) space coding may be realized with a higher order, multimodal
representation of space, which seems to be impaired in right brain damaged
patients with and without neglect; c) exploration deficits in right brain
damaged patients, namely omissions and repetitive search behavior, seem to
deflect two distinct phenomena affecting right brain damaged patients; and d)
sensory, bottom-up stimulation techniques are suitable to ameliorate

multimodal neglect even in a crossmodal way.

In sum, the present doctoral thesis brings new insights towards the exploration
and localization performance of right brain damaged patients with and without
neglect and their modulation using sensory, bottom-up treatments, which need
to be replicated and extended by future studies.
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Introduction

Neglect is formally defined as a neurological disorder, in which patients fail to
attend, respond or orient to sensory stimuli in the contralesional, i.e. left
hemispace. By definition, it is not merely caused by sensory (e.g. hemianopia)
or motor (e.g. hemiplegia) deficits (Kerkhoff, 2001; Karnath, 2012). This
description is not at all sufficient to depict the complexity of this phenomenon.
The clinically observable consequences are affecting almost every part of the
patients’ daily life, e.g. reading, responding to other people or navigating even
in their familiar environment.

Due to the latter fact, lots of studies evaluated the effectiveness of different
neglect treatments. Current established interventions are capable to compensate
neglect associated deficits partly and temporarily. Nevertheless, there is a
constant need of new treatments which are able to reduce patients’ deficits in a
longer lasting way and improve their ability to act more autonomously in daily

life in terms of activities and participation (Kerkhoff & Schenk, 2012).

In the present dissertation, aspects of multimodal deficits in patients suffering
from left spatial neglect after right brain damage and patients with a similar
brain damage but without spatial neglect were investigated. This crucial issue
plays an important role given that neglect phenomena often affect multiple
modalities, such as visual, auditory or tactile, separately or even
simultaneously (Kerkhoff, 2001). Hence, the present experiments concern
different subtypes of neglect phenomena and associated deficits after right
brain damage and their modulation by sensory stimulation techniques.

1 Clinical neglect signs and subtypes

Neglect designates a complex neurological disorder defined as a failure to
“react to or process sensory stimuli” presented in the contralesional hemispace
after left or right brain damage (Kerkhoff, 2001). Yet, there is a growing
interest in ipsilesional neglect phenomena associated with right frontal and
subcortical lesions (Sacchetti, Goedert, Foundas, & Barrett, 2015). Though



incidence rates for neglect after infarction of the middle cerebral artery are
initially similar in acute stroke after left and right hemispheric stroke (62% vs.
72% according to Stone et al., 1991; 20% vs. 43% according to Ringman,
Saver, Woolson, Clarke, & Adams, 2004), there is some evidence that neglect
severity and persistence seem to be moderated by age older than 65 (Gottesman
et al., 2008; Stone, Halligan, & Greenwood, 1993), and laterality of brain
damage (Stone et al., 1991; Ringman, Saver, Woolson, Clarke, & Adams,
2004; Stone, Patel, Greenwood, & Halligan, 1992; Suchan, Rorden, & Karnath,
2012), while the latter fact is discussed controversially with respect to severity.
Note that incidence appraisal in case of right vs. left sided brain damage should
be interpreted with caution due to possible assessment difficulties in left sided
stroke patients caused by concurrent deficits in language processing (Stone et
al., 1993).

As already mentioned above, multimodal deficits in neglect are by definition
neither due to an elementary sensory or motor defect, e.g. caused by
deafferentation, nor to any cognitive or emotional disorder, e.g. depression
(Kerkhoff, 2001).

The aforementioned definition entails a crucial characteristic of neglect,
concerning its multimodal or multisensory nature (Jacobs, Brozzoli, & Farne,
2012). It may affect sensory (visual, tactile, auditory, olfactory) as well as
motor (reduced use of contralateral extremities) or representational
(imagination of space) aspects. As recently reviewed by Jacobs and colleagues
(Jacobs et al., 2012), these modalities may be affected and spared separately,
though multimodal deficits are present in the majority of neglect patients.
Several subtypes of neglect have been reported in the past years, which
revealed dissociations (Buxbaum et al., 2004; Vallar, Bottini, Sterzi, Passerini,
& Rusconi, 1991) as well as co-incidence (Kerkhoff, 1999; Schindler,
Clavagnier, Karnath, Derex, & Perenin, 2006) of neglect in different modalities

and subtypes (the aspect of multimodality will be discussed in chapter 2).



1.1 Sensory neglect

Sensory neglect subsumes forms of neglect associated with the selective
unawareness of sensory stimuli presented in the contralesional hemispace or
hemibody.

As a first factor, sensory neglect may be defined by the modality affected in the
syndrome complex. Inattention may affect any sensory modality, resulting in a
visual, tactile, olfactory or auditory neglect, but there are combinations of
those modalities as well, e.g. visuo-tactile neglect (Kerkhoff, 2001).
Furthermore, sensory neglect may be defined by the distribution of omissions
in space (Heilman, Valenstein, & Watson, 2000). Patients with a personal
neglect fail to attend the left side of their body or the near grasping range (Baas
et al., 2011; Committeri et al., 2007), leading to a reduced use of the
contralateral extremities as well as disregarding the left side of their body in
daily personal hygiene issues. In cases of spatial neglect, patients do not
respond to sensory stimuli presented in contralesional hemispace, such as
described above (see chapter 1). Finally, representational neglect (for review,
see Salvato et al., 2014) is defined as a deficit in exploring or describing mental
images (Salvato, Sedda, & Bottini, 2014).

1.2 Motor neglect

Motor or intentional neglect may manifest itself in the reduction or lack of use
of a contralesional extremity during motor activities (for reviews see Punt &
Riddoch, 2006; Sampanis & Riddoch, 2006). This immobility is by definition
not due to a primary motor lesion or motor deafferentation, though it is often
associated with hemiparesis or hemiplegia (Von Giesen et al., 1994; Classen et
al., 1997; Punt & Riddoch, 2006; Sampanis & Riddoch, 2013).

In a recent large scale study conducted by Kim and colleagues (Kim et al.,
2013), the authors investigated the presence and severity of motor intentional
disorders in right vs. left brain damaged patients. Based on the classification of
Heilman (Heilman, 2004), the authors focused on hypokinesia or akinesia
respectively, which are defined as a deficit of or delay in movement initiation,

as well as motor impersistence, defined by an impairment in sustaining actions.



The results indicate a higher incidence rate of motor intentional disorders in
right brain damaged patients, whereas, in contrast to previous investigations
(Heilman, Bowers, Coslett, Whelan, & Watson, 1985; Coslett, Bowers,
Fitzpatrick, Haws, & Heilman, 1990; Bottini, Sterzi, & Vallar, 1992;
Mattingley, Bradshaw, & Philips, 1992), no directional or spatial hypokinesia
was found in any of the patient groups. Furthermore, both patient groups
showed contralesional directional impersistence, although no spatial motor
impersistence was observable.

In visual or tactile spatial exploration tasks, hypometria (too small amplitude of
leftward eye or manual exploration movements) can be found besides an
ipsilesionally shifted exploration pattern (Karnath, Niemeier, & Dichgans,
1998).

1.3 Representational neglect

One of the pioneering studies concerning representational neglect was
conducted by (Bisiach & Luzzatti, 1978), which revealed a lack of report in
case of objects and scenes on the contralesional side of an imagined visual
scene. Interestingly, switching the imaginary position to the opposite side of
the imagined place led to reporting things neglected before, now being on the
ipsilesional side of the imagined scene. The authors concluded that this result is
due to a loss of internal mental representation of space, which leads to a
contralesional disregard even of stored representational maps as well as of
current contralesional information.

Hence, a concept of representational neglect incorporates a failure in recalling
details of a contralesional scene or concept affecting personal (part their own
body, e.g. imagining their right arm) or spatial (scenes, familiar places, e.g.
their own home) affairs (for review, see Salvato et al., 2014).



2 Multimodal exploration deficits after unilateral

brain damage

As mentioned above, neglect as a multimodal phenomenon may affect any
sensory (visual, tactile, olfactory and auditory) as well as motor or
representational systems. Due to the themes of the present studies, visual,
tactile and auditory neglect will be dealt with in more detail below.
Additionally, a short outline is given about exploration deficits beyond
lateralized neglect after unilateral brain damage as well as the crucial brain

areas involved in such deficits.

2.1 Crucial brain areas for exploration

The posterior parietal cortex (PPC; Nyffeler et al., 2008; Ellison, Schindler,
Pattison, & Milner, 2004) as well as the superior temporal gyrus (STG; Ellison
et al., 2004) and the frontal eye fields (Lane, Smith, Schenk, & Ellison, 2012;
Anderson et al., 2007) seem to be crucially involved in spatial attention
processes as well as exploration of visual scenes (Himmelbach, Erb, &
Karnath, 2006). According to recent research, particularly the frontal areas are
also associated with working memory functions (Anderson, Mannan, Rees,
Sumner, & Kennard, 2010; Heide & Kompf, 1998).

Based on the research of Treisman and colleagues (Treisman & Gelade, 1980;
Treisman & Sato, 1990), two types of visual search processes can be
distinguished, namely preattentive, parallel feature search or attentive, serial
conjunctive search. Ellison and colleagues (Ellison et al., 2004) applied that
feature-integration theory on tasks frequently used in neglect assessment to
identify critical brain areas involved in spatial exploration using transcranial
magnetic stimulation (TMS) in healthy subjects. They found a clearly
disruptive effect of TMS applied on the superior temporal gyrus (STG) in hard
visual single feature search tasks, whereas applying TMS on the posterior
parietal cortex (PPC) impaired pe