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ABSTRACT

.'Excinction to Double Simultaneous Stimulacion' (EDSS) is a
perceptual disorder uhich -occurs with varying frequency following

la:eralizcd b:ain lcnions. predominantly in the right parietal

lobe, Cotrela:ed with impaired functional recovery of hemiplegic

patients, the phenomenon 1is characterized by faulty or non-
Tecognition of stimaly on the side opposite to that of the damaged
cerebral q?eniaphare when these gtimyly are presented simul-
taneously with sgrimuli on the ipsilesioaal side. Yeﬁ the
phenonenon cannoc be explained by 2 simple sensory deffcit since a
patient who manifests the syndrone correctly identifies the same
stimuld on unilateral pPresentation. EDSS is considered gz (milder)
manifestaciou of the 'neglece! syadrome, that is, the tendency to
neglect the contralesional half of body and space following brain
damage. Altﬁfugh known for a full century, the psychophysiologic

nechani smg underlying the syadromes of EDSS and neglect' are

still poorly understood and rany hypotheses Temain speculative.'

Investigation of an underIVing mechanism seems essential for the
development of treatment strategies aimed at ameliora:ing the

syondrome and thereby conceivably enbaneing the rehabiliration



———

potential of this Patieat group. Althﬁugh the_unila:eral neglecs
of stimult =8y involve different se:iaory modalities, the pPresent
study focuses on son.ncouhsory stimuli, |

The purpos§ of the present 8tudy was two-fold: first, to test
two prevailing :heories which account for the syndrome of EDSS in
hemiplegic patients, and tro distinguigh between the respec:ive
hypotheses; second, to investigate hemispheric asymmetries in :he
perception of somatosensory stimgld prior to brain injury as g
Possible basis for the development of unilateral hemineglect after
brain lesions. - The postulated mechanisms underlying EDSS, stimy-
lus properties and the hemispace in which the stimuli occur, were
therefore tested in both a clinicsl as well 3s 2 -neurologicslly
intact population.

The research questions were addressed in two parts of the
study: in Study A, electrical stimuli ar perception theshold,
systematically va{ied with_ respect to duration and the hemispace
in which ‘they were delivered, were Presented to 68 subjects free

of neurological disease (34 males, 34 females). The subjects’

were analyzed. 1In Study B, a similar procedure was performed on
19 hemiplegic patients manifesting EDSS.

The results indicate that both seasory characteristics and
attentional factors influence perception. The findings of Study 4~

suggest that:

iv



l. The hemispace in/which stimull are presented plays a
significant role in their perception.

2. A left hemispace advantage appears to be pre-eminent in

females.

3. The right hemisphere may be a better 'wac:bhkeeper' for
stimult directed to the left hemispere than the lefr
hemisphere is for stimuli directed to the right

heaisphere.

In hemiplegic patients (Study B), peither of the two tested

-
theories could account by itself, under the~experimencal ¢condi-
| ]
tions cof the present study, for the syadrome of 'extinction’.

Based on the Present findings, EDSS ig viewed as a deficiency in
teurointegrative functioning altering the physiological processing

of stimuli,
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1.0 The Pleld of Mﬂ

Neuropsychology is the study of brain-behaviour Telation=-
ships, While both clinfcal and experimental neuropsychology
investigace the function of the normal brain and study behavioural
deficits following brain lesions, cliniecal neuropsychology
concerns itself with the applicntiou of these ’findings to human
problems (Mblzadk 1984). The fields of neurology and clinieal
neuropsychology are largely based on empirical findings of experi—
mental neuropsychology using humap and animal podels. Through the
identification and understanding of the behavioura%\correlacaa of

brain function, it i1g possible to evaluate the consequences of

s .
" brain dysfunction for patients (Goldstein, 1974; Reitan, 1966,

1974; Crockett, Clark, & Klonoff, 1981).

in neuropsychology has been growing at an accelerating rate, Yet,
despite considernble progress in our understanding of brain_

mechanismg underlying normal and abnormal brain functioning, many



questions regarding the workings of the brain have remained a
baffling }nyacery and avwait further elucidation.

Although it is well recognized that the brain functions as an
integrated system, the progressive lateralization of function with
the development of speech and handedness (Luria, 1973; Buffery,
1974; Berent, 1981) has led to 1ncreased interest in asymmetrical
functional arrangement in brain organization (Bryden, 1982;
SegaloﬁiCz, .1983). Generally, thé notion of lateralization of
brain functions has been widely accepted: in most right-handed
individuals, the left hemisphere is considered to be re#ponsible
for the mediation of speech and }wre logical, precise analysis,
while the right hemisphere. Plays 2 more important part in the
perception and recall of spatial material and of non-verbal
.8timuli (McGlone, 1980; Bérent, 1981). The great diversity and
indiviqual variability in brain organization (Gazzaniga, 1974;
Buffery, 1974; Reitan, 1974) has led to the curreat trend to
de—emphasize specific localization of function in the two sides of
the brain and to consider brain function in a more holistic
fashion (Re;tan, 1966; Gazzaniga, 1974).

The task of modern neuropsychology in studying the diseased
braxn 1s not only to descrxbe and analyze a syndrome (the particu-
lar cons:ellatlon of symptoms and signs) and to gccount for it

with a partlcular locus of lesion; it also has to take account of

the functional processes subserved by various cortical and
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subcortical systems working in concert (Luria, 1970, 1973). The
challenge is ¢o 'dissociate’ the contridbutions of lesions in
differeat cerebral loci r:.o the deficit and to find the mechanisus

underlying the pnrticipal:ion and :Lnterconnecl:edness of several

" systems in the conplex c.ircuicry of” brain functions, By setting

up hypotheaea designed to confirm one Poestulation while at the_
same tinpe diacounting the possibility of another, the pProbability

of the Correctness of onpe postulation hag acquired additional
validity (Walsh, 1978)..

1.1 'Beglect' and 'Extiaction to Double Simnltgnecns Stiwmulation®

(Bender, 1952; Critchley, 1949, 1966)., This defective perception
of corporeal and extracorporea.l Space (see p, 41 for additional
elucidation of the Space within and ocutsgide t:he body) in one half
of the perceptuyal sphere has been variously termed ‘hemi—neglectlf
or 'hemi-inattention’ (Bender, 1977; H’iedland & Weinstein, 1977;
Heilman, 1979). The syndrome may comprise a) dis‘turbances of the
body sc.heme, that ig, neglect and/or denial of the existence of

the opposite side of ‘the body: 'eutotopagnosi_a' or 'ancsognosia'



(Denny-Brown &‘.Bank.er, 1954; Critchley, 1966; Hecaen, Penfield,
Bertrand, & Malmo, 1956; Beaton, 1979); b) topographical disorien-
tation due to defective analysis of, " and memory for, spatial
Telationships: 'unilateral spatial agnosia/neglect! (Brain, 1941;
McFie, Plercy, & Zangwill, 1950; Battersby, Bender, Pollack, & °
Kahn, 1956; Hecaen et al., 1956; Oxbux:y, Campbell, s Oxbury, 1974;
Chedru, 1976; Bisiach, & Luzzatei, 1978; Denes, Sepenza, Stoppa, &

o
uo—constructive abilitiesg

Lis, 1982); and ¢) impairment of

(McFie et al., 1950), including aprakia: 'apractognosia' (Hecaen
et al., 1956).

A 'nmeglect'-related disorder is 'Excinctiﬁn to Doable-Simul—
taneous Stimulation' (hereinafter abbreviated EDSS), A defect of
interhemispheric perceptual‘_interac:ioh (Schallert & Whishaw,
1984) accompan&ing the functionallimpairmeut of unilateral neglect
(Critehley, 1949), EDSS is characterized by imperception, or
distortion (Obersteiner,'lSBl), of stimuli on the contralesional
s8ide of the body when thege stimull are presented simultaneously
with stimuli oo the opposite (intact) side, Yet, theée 'ignored’
stimuli are correctly identified when delivered unilaterally; they
merely ‘'extinguish' on bilateral stimulug pPresentation. This
phenomenon was first noted by Oppenheim in 1885 with tactile
stimuli (Bender, 1948; Heilman, 1979) and later described by Anton

(1899) in the visual sphere (Friedland & Welnstein, 1977).



The defective appreciation of stimuli on the side opposite to
the lesion may occur in various sensory modalities (Bender &
- Feldman, 1952; Welch & Stuteville, 1958; Bender, 1977. Beilman,
1979). Neglect and extinction have been reported in several
specific sensory domains, such as in the gustatory, when taste on
_one side of the tongue is affected (Bender & Feldman, 1952), iq
the olfactory (Marshall, Turner, & Teitelbaum, 1971), in the
auditory (Welch & Stuteville, 1958; Heilman, Pandya, Rarol, g
Geschwind, 1971; Watson & Beilman, 1979), and in the somesthetic
modality where EDSS is characterized by imperception of vibratory
(Critchley, 1949) and tactile scimuli (Bender, 1852; Watson,
Hellman, & Cauthen, 1973; Watson, Miller, & Heilman, 1978; Dimond,
1978). EDSS is frequently multimodal (Beilman, Pandya, &
Geschwind, 1970) and has been observed within and across different
sensory modalities (Wortis, Bender, & Teuber, 1948; Critchley,
1949; Bender & Feldman, 1952, Denny-Browm, Meyer, & Horenstein,
1952; Teuber, 1975). 'Cross-modal" interactions in pPatients, that
1s, mutual extinerion between visual, somatosensory and auditory
stimuli, seem to occur only in severe cases of hemi-neglect
(Weinstein & Friedland, 1977), and are almost always associated
with organic mental impairment (Friedland & Weinstein, 19’;'7).

The phenomenon of EDSS is considered to be 3 more subtle
manifestation of the overall spatial defect of unilateral neglect

(Battersby et al. 1956; Heilman, 19793, EDSS is frequently
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encountered as a stage of functional lmprovement from unilateral
neglect (Hellman, 1979), acd testing for BDSS will often elicit a
masked nagléct syﬁdrone (Critchley, 1966). If €Eere are differen-
ces in the pathogenesis underlying neglect and EDSS they "a t
pPresent not understocd (Beilman, 1979); the terms neglect andnz;zg
will subseque?tly be often used interchangeably. Although

controversy regarding the nomenclature of thig phenomenon has not
been entirely resolved, the terp 'excincc;pn‘ seems to have been
accepted to describe the syndrome; it does not, however, corres-—
pond to its meaniné iﬂ learning theory where extinctiou refers
to the diminishing magnitude of 8 conditioned response upon

withdrawal of its contingent reinforcement (Deese & Hulse, 1958).

1.1.1 Etiology z

Lesions at various levels of the centrral nervous system (CNS)
have been shown to produce deficits in orientation to sensory
stimali. Neglect-related disorders are most frequently associated

with lesions of the parietal lobe (Brain, 1941; Critchley, 1949,

1966; Denny-Browm, Meyer, & Horenstein, 1952; Denny-Brown &
Banker, 1954; Heilman et al., 1971; Heilman & Valenstein, i9723;
Valenscein,'Heilman, Watson, & Van den Abell, 1982), but have also

been noted after frontal lesions in man (Heilman & Valenstein,

1972b; Damasio, Bamasio, & Chang Chui, 1980), 4in monkeys



