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Interhemispheric communication 
following unilateral cerebrovascular 
lesions 
Anzola G.P., Vignolo L.A. 
Clinica Neurologica dell'Universitgt, Brescia 

39 patients with a single small cerebrovascular lesion (20 in the right, 19 in 
the left hemisphere) were subjected to a simple reaction time (RT) task with 
visual stimuli flashed to the visual field either ipsilateral or contralateral to 
the cerebral lesion. The subject responded always with the ipsilateral hand. 
The crossed-uncrossed difference (CUD), i.e. the RT when both stimulus and 
response occur on the same side minus the RT when stimulus and response 
occur on opposite sides, is assumed to assess the transit time of  information 
through callosal fibers, and in normal people is about 3-5 msec. In our pa- 
tients the mean CUD, expressed as the difference between contralateral and 
ipsilateral responses, was 20 msec. Patients with parietal lesions had still 
longer CUDs, 37 msec on the average. There was no statistical difference in 
CUDs between right and left brain-damaged patients. 
The CUD in brain-damaged patients was of  the same order of  magnitude as 
that found in acallosal or split-brain patients. Nonetheless, the present find- 
ings are interpreted as reflecting the intrahemispheric rather than the inter- 
hemispheric delay in information transmission, with the possible additive ef- 
fect of an asymmetrical orienting of attention. 
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Introduction 

Manual Reaction Time (RT) to lateralized visual 
stimuli can be used to assess callosal transfer ti- 
me. If the stimulus is delivered, e.g., to the fight 
visual field (RVF), projecting to the left hemis- 
phere, and the subject has to respond with the 
right hand (RHd), also controlled by the left hem- 
isphere, all the operations involved in the task may 
be performed within the same hemisphere, in this 
case the left (See figure lb). On the other hand, 
when the stimulus is flashed in the left visual field 
(LVF), the processing of the stimulus occurs in the 
fight hemisphere, but the initiation of the res- 

ponse is operated by the left hemisphere. In this 
condition the information must cross the inter- 
hemispheric commissures to link the "receptor" to 
the "effector" hemispheres (Fig. l a). 
Assuming that the cognitive operations remain the 
same, the uncrossed condition (RVF-RHd) is ex- 
pected to yield RTs faster than the crossed con- 
dition (LVF-RHd) by an amount equal to the 
commissural transit time. Obviously the same 
reasoning applies to the responses of the left hand 
when stimuli are presented either to the left or to 
the right visual hield. Therefore, the CUD (crossed- 
uncrossed difference, i.e. RT in the crossed con- 
dition minus RT in the uncrossed condition) re- 

Received 28 February 1992 - Accepted 22 June 1992 649 



The Italian Journal of Neurological Sciences 

l + + l 

E![. 
L R L R 

Fig. 1. 

presents an estimate of the delay due to callosal 
transmission, or, in other words, of the callosal 
transit time. 
In normal humans such a delay has been estimat- 
ed to be in the order of 2-5 msec. [1, 6, 14, 18, 
24], which is consistent with the conduction time 
of the large fibers of the human corpus callosum 
[25], whereas in subjects congenitally lacking the 
corpus callosum as well as in patients subjected 
to surgical section of the forebrain commissures, 
the CUD is enormously increased, up to 70 msec 
[10]. 
Little is known about the effects of unilateral brain 
lesions on CUD. In a recent paper a difference of 
350 msec. was reported between contralateral and 
ipsilateral RTs in an unselected sample of right 
brain-damaged patients responding with the hand 
ipsilateral to the brain lesion [10]. However, it is 
doubtful whether this difference truly represents 
interhemispheric delay or the effect of other fac- 
tors such as attentional shifts or visual field de- 
fects. 
In the present investigation we have measured the 
CUD in a carefully selected sample of right and 
left brain-damaged patients with the aim of clari- 
fying whether: 1) the absolute values are compar- 
able to those of normal people and 2) the side of 
the cerebral lesion affects interhemispheric trans- 
mission. 

The data reported here were obtained in a larger 
study on RTs in brain-damaged patients [2]. 
Therefore, the procedure is only briefly summar- 
ized here. For further details the reader is referred 
to reference n. 2. 

Patients and Methods 

The sample consisted of 20 - -  15 male and 5 
female - -  right brain-damaged (RBD) and 19 - -  
13 male and 6 female - -  left brain-damaged 
(LBD) patients, all right-handed (19), with single 
small vascular lesions assessed by CT scan. Mean 
age and educational level were respectively 50 and 
5.9 years in the RBD group vs 56 and 6.6 in the 
LBD group. The RTs were collected on average 
18.5 days after the stroke in RBD and 22 days 
post stroke in LBD patients. The severity of the 
hemiparesis, assessed on a semiquantitative scale, 
was 2.5 and 2.9 in RBD and LBD patients res- 
pectively (0 = no movement; 1 = possible sponta- 
neously; 2 = possible against resistance; 3 = pos- 
sible against gravity; 4 = normal). All the patients 
were subjected to careful evaluation with Gold- 
man kinetic perimetry and had no visual field de- 
fect. Finally, they were free of significant neurop- 
sychological abnormalities as assessed by the To- 
ken Test [11], the Benton's Line Orientation test 
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TABLE [. Mean and SD (in parentheses) o f  RTs in 
milliseconds. 

Stimulus side 

IpsUateral Contralateral 

Right 296 316 
Brain damaged (109) (120) 
Left 290 310 
Brain damaged (90) (92) 

[5] and the Raven Colored PM 1947 [3]. Aphas- 
ics among LBD and hemineglect patients among 
RBD were excluded from the study. 
The lesions were mapped onto a lateral diagram 
of the brain using a computerized version of the 
procedure described by Mazzocchi and Vignolo 
[15]. Lesion size was determined as described in 
[2]. The visual stimulus, a bright dot, was flashed 
3 degrees to the right or left of the central fixa- 
tion point either in blocked (i.e. the stimulus ap- 
peared always in the same location) or in random 
presentations (i.e. the stimulus appeared random- 
ly in the right or left visual field). The patients 
responded with the hand ipsilateral to the lesion 
side. Two hundred RTs were collected in each 
visual field both in the blocked and in the random 
condition. The order of condition and visual field 
was balanced across patients. The median of RTs 
was used for statistical analysis. 

Results 

The mean scores of neuropsychological tests in 
RBD patients were: Token Test= 33+2.5, Ben- 
ton's  Line Orientation test=20.3_+5.8, Raven 
Colored PM=28.5_+5.2. The LBD patients' per- 
formance on the same tests scored 29.9_+6.7, 
20.8_+5.7 and 28.3_+8.1 respectively. There was 
no difference on either comparison, although LBD 
patients had a mean lower score than RBD pa- 
tients in the Token Test, 

Reaction time 
The medians of the RTs were entered in a re- 
peated measures ANOVA with lesion side as the 
only between-subjects variable and condition 
(blocked vs random) and visual field (ipsilateral 
vs contralateral) as within-subjects variables. The 
results are shown in Table I. 
No difference was found between right and left 
brain-damaged patients in the overall speed of 
response. The blocked condition elicited faster 
responses than the random condition (295 vs 311 
msec.; p<0.005 - -  not shown in table I). The RTs 
to the stimuli presented ipsilaterally to the lesion 

were faster than the RTs to the stimuli presented 
contralaterally (293 vs 313; p<0.001). Since the 
subjects responded always with the hand ipsila- 
teral to the lesion, the ipsilateral RT is the un- 
crossed response and the contralateral RT is the 
crossed response. Therefore the difference be- 
tween contralateral and ipsilateral RTs corres- 
ponds to the crossed-uncrossed difference, i.e. the 
CUD. As is shown in Table I the mean CUD was 
of 313 - 293 = 20 milliseconds. 
None of the interactions proved significant, al- 
though there was a trend for the condition • field 
interaction (F=3.001, p=0.09).  This means that 
the CUD tended to be smaller in the blocked than 
in the random condition, the corresponding fi- 
gures being 15 and 24 msec. respectively. On the 
other hand, the CUD in right brain-damaged pa- 
tients was the same as in left brain-damaged pa- 
tients (20 msec.). Finally the CUD did not de- 
pend on the speed of the response, as the corre- 
lation coefficient between CUDs and RTs was 
0.017. 

Lesion characteristics 
The mean volume of the lesion was 8.5 (_+ 15.9) 
ml for RBD patients and 5.2 (_+ 12.5) ml for LBD 
patients. This difference was not statistically sig- 
nificant (t = 0.65, d.f. 31, p = 0.520). Further ana- 
lyses were done on RTs and CUDs in relation to 
lesion size and site. Simple regression analysis 
showed that in LBD patients CUDs linearly in- 
creased with lesion volume ( F =  18.896, 
p = 0.0008). However, in RBD patients such a re- 
lation was absent. The same negative result was 
obtained when both groups of patients were ana- 
lyzed together. 
To investigate the impact of lesion site, we first 
compared cortical to subcortical lesions. No dif- 
ference emerged from the t test. The next step was 
to regroup patients according to the extent of 
damage in each cerebral lobe and to compare 
CUDs of this group with those of the rest of the 
sample. Extent of the lesion in the frontal, tem- 
poral and/or occipital lobes yielded no significant 
differences with respect to the rest of the sample. 
However, when patients were grouped for parie- 
tal involvement, a significant difference emerged 
in CUDs. Out of the total sample of 39 patients, 
there were 11 patients in whom the lesion extend- 
ed to the parietal lobe. The mean CUD in these 
patients was 37_+30 msec., whereas the rest of the 
sample showed a mean CUD of 13-+26 msec. 
( t= 2.494, df=37,  p=0.017). By contrast the ov- 
erall RTs and the lesion volumes of parietal pa- 
tients were not statistically different from RTs and 
lesion volumes of the remainder of the sample. 
Finally, left parietal patients were not different 
from right parietal patients as far as RTs, CUDs 
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Fig. 2. Approximate extent of lesioned areas in the left 
(top) and right (bottom) hemisphere in patients with 
parietal lesions assessed by CT scan. Contours do not 
indicate individual lesions but the degree of overlap- 
ping lesions in a given area, they represent the boun- 
daries of areas damaged by one lesion only (outer area), 
by two or by three lesions, etc. Dots cover the areas of 
maximum overlap. (See (15)for details on the mapping 
procedure). 

and lesion volume are concerned. The composite 
contour maps [26] of the lesions of parietal pa- 
tients are shown in Fig. 2. 

Discussion 

The assessment of CUD has proved valuable for 
studying the time of information transfer between 
the cerebral hemispheres. In the uncrossed con- 
dition, the stimulus is delivered to the hemisphere 
that initiates the response (this condition corres- 
ponds to the ipsilateral responses in our experi- 
ment). By contrast, in the crossed condition the 
stimulus is projected to one hemisphere and the 
response is produced by the hand controlled by the 
other hemisphere, requiring a passage of infor- 
mation across the forebrain commissures. Note 
that in our experiment this condition corresponds 
to the contralateral responses. The CUD may be 
obtained either with blocked or with random pre- 
sentations. In normal subjects the CUD is re- 
markably constant, in the order of 1-3 msec., and 
invariant whether the stimuli are presented in the 
blocked or in the random modality [1, 14, 17, 18, 
24]. However, the absolute values of RTs rise in 
the random presentations [14], probably due to the 
different attentional demands of the two tasks: in 

the blocked condition the subject knows in adv- 
ance where the stimulus is going to appear and so 
he can direct his attention in advance to the pre- 
sentation side, whereas in the random condition, 
he can either spread attention over the whole field 
or guess which field will be stimulated (but in this 
case there is 50% chance of mistaking the target). 
Either way, before he can respond he must shift 
attention to the stimulus. This extra operation, 
which requires a measurable time to carry out, 
brings about a delay in the overall RTs, but is not 
expected to affect the interhemispheric transmis- 
sion time. The CUD remains the same, despite an 
increase in RTs from the blocked to the random 
situation [14]. 
Our findings in brain-damaged patients showed the 
expected effect of the modality of presentation on 
RTs, as blocked RTs were 16 msec. faster than 
random RTs (295 vs 311 msec respectively), but 
they also showed CUDs of 20 msec. on the av- 
erage, far greater than those obtained in normal 
subjects and comparable to those attained by 
acallosal patients (see [10] for a review). In brain- 
damaged patients, too, CUDs tended to increase 
from the blocked to the random condition (15 vs 
24 msec. respectively) although the difference was 
not statistically significant. Parietal lesions prod- 
uced CUDs of 37 msec., which were significantly 
longer than the 15 msec. CUDs of the rest of the 
sample. In conclusion, then, in unilaterally brain- 
damaged patients we found both a general retar- 
dation in CUDs, irrespective of lesion site, and a 
further retardation produced by parietal lesions. 
This result can be interpreted in several ways. The 
first is that the increased CUDs were produced by 
a general lengthening in RTs, which is known to 
occur in brain-damaged patients [4, 17]. We can 
confidently rule out this explanation, first because 
when RTs are pathologically slow, relatively mi- 
nor differences generally tend to be obscured 
rather than amplified, second and more directly 
because there was no correlation between RTs and 
CUDs, and parietal patients, who had the slowest 
CUDs, did not differ from the rest of the cohort 
in overall RTs. 
Another possibility is that abnormal CUDs were 
a consequence of visual field defects contralateral 
to the damaged hemisphere, which could have 
impaired the detection of the stimulus in the 
crossed condition. However this seems unlikely, 
as all patients were subjected to careful evalua- 
tion with Goldman kinetic perimetry and had no 
visual field defect. Moreover, deepseated lesions 
were as effective as superficial lesions in leng- 
thening the CUDs. 
Assuming no impairment at the visual stage of 
information processing, we must concede that the 
cerebral lesion somehow affected the transfer of 
information from the occipital pole of the dam- 
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aged hemisphere to the motor area of the contra- 
lateral one. In normal individuals the CUD is be- 
lieved to represent the interhemispheric transit ti- 
me of nonsensory information, since it is not af- 
fected by changes in either light intensity or ec- 
centricity of the stimuli and it has been suggested 
that what is actually transmitted from one hemis- 
phere to the other is a motor command [1, 6, 10, 
18]. Posterior areas, including the peristriate belt, 
are connected to ipsilateral premotor and prefron- 
tal regions through long intrahemispheric bun- 
dles, the fasciculus longitudinalis superior of the 
old anatomists [8]. This anatomical arrangement 
allows fast transmission of information from the 
visual system of the hemisphere receiving the sti- 
mulus to the ipsilateral premotor area, and hence, 
through callosal fibers, to the premotor and motor 
areas of the contralateral hemisphere which per- 
forms the response (see Fig. 3). 
Following this model of interhemispheric com- 
munication, in the crossed condition the informa- 
tion must run a long way within the damaged 
hemisphere before the callosal transfer occurs, and 
therefore intrahemispheric transmission is expect- 
ed to be particularly vulnerable to the effect of an 
unevenly placed lesion. The correlation between 
lesion volume and CUD found in LBD patients 
supports this argument. On this assumption the 
abnormally long CUDs of brain-damaged patients 
may be viewed as reflecting the impaired intra- 
hemispheric transmission rather than the inter- 

hemispheric transit  t ime. What  is unclear  is 
whether in such a condition the information still 
travels through the damaged pathway or through 
alternative visuomotor connections. Acallosal and 
commissurotomized patients employ non callosal 
pathways for crossed responses. Clarke and Zai- 
del have proposed three alternative crossed vis- 
uomotor routes: the interhemispheric transfer of 
visual information through the anterior commis- 
sure, the interhemispheric subcallosal pathway in- 
volving superior colliculi and the ipsilateral mo- 
tor pathway [10]. It is not known whether in pa- 
tients with lesions acquired during the adult life 
these connections still are or may become effec- 
tive, but on theoretical grounds they are a reason- 
able possibility. Some recent PET evidence, for 
instance, has been presented in favor of the idea 
that finger movements may be subsumed by the 
ipsilateral hemisphere [9]. 
Whatever the reason for the delayed CUD, this 
interpretation fails to explain the lengthening of 
CUDs observed in deeply located lesions (CUD 
in subcortical lesions= 12 msec.), since damage 
to the basal structures of the brain is not expected 
to affect transmission in more superficial bundles. 
As a a matter of fact the hypotheses so far dis- 
cussed rest on the assumption that the stage of 
stimulus detection is equally effective in both vis- 
ual fields. The detection of a visual stimulus im- 
plies prior focusing of attention on the stimulus 
itself [20], and this stage of the information pro- 
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cessing is assumed to be unimpaired both in acal- 
losal, in brain bisected patients and obviously in 
normal people. However, in brain-damaged pa- 
tients it may well not be so, and indeed there is 
ample evidence in the literature that unilateral 
brain lesions can affect the mechanisms of orient- 
ing attention when they are placed at different 
stages along the cortico-subcortical loops implied 
in attention orienting mechanisms [7, 16, 23]. In 
particular parietal lesions at the cortical level and 
thalamic lesions at the subcortical stage are espe- 
cially important in disrupting contralateral atten- 
tional shifts, with the result that that the patient 
tends to overlook stimulation coming from the 
contralateral side in favor of the ipsilateral side. 
This has been found even in the absence of overt 
clinical signs of hemineglect, both in thalamic and 
in parietal lesions [13, 21, 22]. Therefore, if uni- 
lateral lesions produce a systematic trend of at- 
tentional shift away from the contralateral hemi- 
field, or alternatively, a difficulty in engaging at- 
tention in the contralateral field, as Rafal and 
Posner have suggested for thalamic lesions [22], 
the RT to contralateral stimuli is expected to be 
slower than to ipsilaterally presented stimuli, 
especially so when the stimulus side changes ran- 

domly. Consistent with this view is the trend for 
CUDs to increase from the blocked to the random 
presentations. The experimental setup, with only 
one responding hand, may have further favored 
the attentional shift towards the ipsilateral side. In 
summary, at least in parietal and subcortical le- 
sions, the CUD may be abnormally high as a re- 
sult of attentional displacement rather than a con- 
sequence of intrahemispheric delayed transmis- 
sion. 
In conclusion, a unilateral cerebral lesion increas- 
es the CUD. This increase is probably related to 
more than one mechanism: the impairment of the 
intrahemispheric transmission of information is the 
first and more obvious candidate. In this case the 
CUD reflects either malfunctioning of the dam- 
aged occipito-frontal connections or less effective 
transmission along alternative interhemispheric 
pathways. Another possibility is that attentional 
factors provoke a bias towards the ipsilateral field. 
In this case the CUD reflects a functional imbal- 
ance in the readiness to respond to lateralized sti- 
muli. 
The various mechanisms are not mutually exclu- 
sive. Indeed their effects may be cumulative, de- 
pending on size and site of the lesion. 

Sommario 

In 39 pazienti portatori di una singola lesione cerebrovascolare emisferica (in 20 all'emisfero destro, 
in 19 all'emisfero sinistro), b stato effettuato un test di tempi di reazione semplici a uno stimolo visivo 
non strutturato presentato nel campo visivo ipsilaterale o controlaterale alla lesione. Le risposte erano 
effettuate sempre con la mano ipsilaterale. 
La differenza fra tempi di reazione crociati (ciob stimolo e risposta su tati opposti) e tempi di reazione 
non-crociati (ciob stimolo e risposta dallo stesso lato) rappresenta il tempo di transito callosale del- 
l ' informazione e nei soggetti normali ~ dell'ordine di 3-5 msec. 
Nei pazienti con lesione cerebrale tale valore era allungato a 20 msec di media, con un ulteriore ri- 
tardo a 37 msec. nei pazienti con lesione parietale. Non vi era nessuna differenza significativa fra 
pazienti con lesione dell'emisfero destro e pazienti con lesione dell 'emisfero sinistro. La differenza fra 
risposte crociate e risposte dirette da noi trovata nei cerebrolesi b dello stesso ordine di grandezza di 
quella che presentano i soggetti con agenesia del calloso o i pazienti sottoposti a callosotomia. 
Tuttavia, b verosimile che nei nostri pazienti il ritardo trovato rifletta piuttosto la somma di un'ano- 
mala conduzione intraemisferica e di possibili disturbi attenzionali. 

Address reprint requests to: 
Dr. G. Paolo Anzola 
Clinica Neurologica dell'Universit~ 
II Divisione di Neurologia 
P.le Spedali Civili 1 
25125 Brescia 
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