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Abstract

Hemispheric lateralization of the neural systems supporting language and spatial attention most commonly dissociate in healthy individuals.
However, the reverse pattern with association of language and attention within the right hemispheres has also been observed. We investigatec
in 75 healthy volunteers (37 right-handed, 38 left-handed) if language and spatial attention may associate not only in individuals with an
atypical pattern of language lateralization, but also in subjects showing the standard, i.e. left-hemispheric dominance for language.dHemispheri
lateralization of cerebral perfusion was determined with functional transcranial Doppler ultrasonography during a visuospatial attention, and
a word generation task. We found that language and visuospatial attention associated within the left hemisphere in five subjects and within
the right hemisphere in eight subjects. We conclude that all combinations of cerebral lateralization for language and attention may exist in the
healthy brain.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and the extent of attentional lateralization determine the sus-
ceptibility to attentional deficits after unihemispheric lesion,
Neuroimaging and neuropsychological research indicate similar to what is known about the language sys{2sj.
that spatial attention and language are subserved by large- The relationship between lateralizations for language and
scale cognitive networks that involve both hemispheres, attention has not yet been thoroughly addressed, possibly
the epicenters of which are lateralized to one hemispherebecause activation studies on attention generally do not re-
[3,27,29] Therefore, it is common to refer to right- port lateralization for languad®,15,28,38] Dissociation of
hemispheric dominance for attentidi6,26,38] Recent language and attention between the hemispheres is believed
studies have reported that between 48% and 82% of stroketo be the most common principle of cerebral organization
patients suffer from neglect after right-hemispheric stroke, [17]. However, other patterns may occur: rare lesion studies
and 65% after left-hemispheric strokg,34], but it is not inform us about patients, who, after unihemispheric stroke,
known to which degree this dominance varies in the general suffer from both aphasia and heminegl§tl12,18,31,36]
populatior[4]. Activation studies of representative cohorts of In a previous activation study, we demonstrated in healthy
healthy subjects are lacking. Lateralization of brain functions subjects that lateralization of language and spatial attention
is of clinical significance, because differences in the side into different hemispheres is not an invariable characteristic
of human brain organization. Even in the absence of brain
* Corresponding author. Tel.: +1 301 496 9986; fax: +1 301 402 7010.  Pathology, the same hemisphere can be dominant in control
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However, in the earlier study, we did not find subjects in —70), 35 subjects (47%) as strongly right-handed (handedness score
whom both functions were lateralized to the left hemisphere. 70-100) and 4 subjects (4%) as ambidextrous (handedness score
The relatively small subgroup of 20 subjects of a highly se- —69 to 69).
lected group might have prevented us from observing left-  The study was approved by the local ethics committee, and each
hemispheric association of functions in our previous study. It individual gave written informed consent. Task and testing proce-
remained therefore unresolved if subjects with the standard,dures were in accordance with institutional guidelines. All subjects

i.e. left-hemispheric pattern of cerebral language dominance were examined with two different tasks probing attention (visu-
T . . . ‘ospatial and tactile), and a language task (letter-cued word genera-
can lateralize atte!’ltlon t.o th.e same hgmlsphere. tion (WG)). During performance of each of the three tasks, hemi-
In the present investigation, we tripled the overall sam- gpheric Jateralization of cerebral perfusion was determined with

ple size, ar.1d investigateq if Ianguage gnd spatial .attentionfunctional transcranial Doppler ultrasonography (fTCD). All tasks
may associate not only in subjects with an atypical pat- were conducted in one session in 55 subjects, and in three sepa-
tern of language lateralization, but also in subjects showing rate sessions in 20 subjects. Only data from the visuospatial and
the standard, i.e. left-hemispheric dominance for languagethe word generation task will be reported here (incomplete fTCD
(hypothesis I). We then asked if the quantitative distribu- files for the tactile task, due to technical problems). Number of
tion of lateralization patterns (particularly the percentage of Sessions had no effect on 'Fhe dependent variables. Therefore, data
right-hemispheric language dominant subjects who have left- were pooled across all subjects. Task order was randomized across
hemispheric attentional dominance) would be consistent with subjects.

predictions of genetic models of cerebral lateralization (hy-

pothesis I1). 2.2. Tasks
2.2.1. Landmark (LM) Task
2 Methods To assess spatial attention, the Landmark Task, which is fre-
' quently used in the assessment of visuospatial nefl&dt was
2.1. Subjects administered (seEig. 1for the experimental set-up). Five seconds

after a cueing tone, a horizontal line was presented for 10s on a
computer screen (visual angle 9.3The horizontal line was bi-
sected by a vertical line either in the exact middle or deviating to
the right or the left by 0.1or 0.2°. During the 10-s period, sub-
jects had to silently decide if the horizontal line was bisected in the

Seventy-five healthy subjects (41 women; mean age @63
years, range 18-56 years) completed the study. Originally, 86 sub-
jects were included. However, 11 subjects had to be excluded be-

cause of severe artefacts during recording 4), lack of cooper- middle, slightly to the left, or slightly to the right. Task compliance

Etion w_itf:j task _reSquiTrEmentsn(:Z), orbla_ck OL_‘; trans-telgporal was ensured by having subjects report the decision verbally (mid-
one window =5). There were no obvious differences between dle, left, or right) after a second auditory signal at the end of the

included and excluded subjects with respect to age, handedness,
gender, or occupation. Participants were recruited from the local
medical school or through newspaper advertisement. To maximize

the number of subjects with atypical pattern of hemispheric lat- {Qﬁri\\\
eralization[2,22], particularly non-right-handed individuals were _ /é; ‘V \\:-Q )
recruited. Subjects were excluded if information based on a stan- >>> e / )’f’ ' J@uf/
dardized questionnaire suggested neurological disorders, particu - N 3 f/ Wy
larly asphyxia or kernicterus, head trauma, loss of consciousness T~ ~—3 \

epileptic seizures, meningitis or encephalitis, or delayed or abnor-
mal language development. Subjects were also excluded if they hat
failed to complete the equivalent of a high school degree (‘Realschu-
labschluss’ or ‘Abitur’ in Germany). A standardized questionnaire
was used to screen subjects for the number of foreign language:_,
spoken fluently, the number of languages was assumed to indicatf
linguistic talent. Academic achievement, i.e. a university qualifica- &
tion, was chosen as an additional indicator of linguistic proficiency E
[35]. Furthermore, subjects were asked about artistic activities. They™
had to report whether they were actively involved in music, painting,
or sculpture. Such activities were taken to reflect artistic inclination
and, by inference, artistic ability. Some authors perceive artistic abil-
ity as a faculty complementary to verbal ability as being subtended
to the right hemispherg2]. No differences were found for any of

the items between subjects with a typical and those with an atypical 79 15_ET°p) E’(Ip;”me;ma' Itset-up fgr thi La”d'gark (LM) Iazk_' Sf“bjfdfs
pattern of lateralization. wore bitemporal Doppler ultrasound probes and were seated In front of a

. . computer screen displaying a bisected line. (Bottom) Averaged perfusion dif-
All subjects were na_tl\_/e German speakers and had nqrmal ferer?ces (thick Iinesg)frgm%he left (thin Iineé) and tk?e rightg(thir?perforated
or corrected-to-normal vision. Handedness was assessed with thej,es) MCAs as assessed with functional transcranial Doppler ultrasonogra-
Edinburgh Handedness Inventdi30]. Thirty-six subjects (48%)  phy (fTCD) in a single subject. First cuing tone at 0s, LM Task from 5 to
were classified as strongly left-handed (handedness s€t®é to 15's, response from 15 to 20's, second cueing tone at 20s.
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