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he corpus callosum is the largest fiber tract in the human brain, and plays a critical
role in many aspects of interhemispheric integration. Much has been learned about
the structure and connectivity of this fiber tract through anatomical studies on a va-
riety of species. The functional implications of these anatomical findings are sup-
ported by behavioral studies on monkeys and humans with lesions of the corpus callosum.

Much of the behavioral data in humans is
derived from studies on patients who have
undergone callosotomy for the control of in-
tractable epilepsy. Surgical section of the cor-
pus callosum results in a classic disconnec-
tion syndrome characterized by abreakdown
in communication between the 2 hemi-
spheres. In the early stages of recovery from
callosotomy, this communication failure can
be manifested in startling ways. For example,
some patients have exhibited the “alien
hand” syndrome after surgery, in which the
left hand appears to behave as if it were con-
trolled by some other person. As recovery
progresses, the overt symptoms tend to
abate, and these “split-brain” patients are
remarkably unaffected in daily living. De-
spite the appearance of normal cerebral func-
tion, many signs of hemispheric disconnec-
tion persist and can be revealed through
specialized testing procedures. The chronic
disconnection of the cerebral hemispheres
has made patients with callosotomy an in-
valuable population for the study of the spe-
cialized capabilities of each hemisphere in
isolation. Comparisons between patients
with callosotomy and those with localized
lesions involving different portions of the cor-
pus callosumalso provide a powerful method
of investigating the functional capacities of
callosal regions.

THE ROLE OF THE CORPUS
CALLOSUM

Postmortem research on human and mon-
key brains has revealed that the corpus cal-
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losum is topographically organized with
anterior fibers connecting frontal regions
of the 2 hemispheres and posterior fibers
connecting posterior cortical structures.
Specifically, fibers from the superior pa-
rietal lobule and the occipital cortex pass
exclusively through the splenium, while
frontal fibers pass through the rostral half
of the corpus callosum, including the
genu.! This anterior-to-posterior organiza-
tion results in modality-specific regions of
the corpus callosum (Figure 1). For ex-
ample, the anterior midbody transfers mo-
toric information; the posterior midbody
transfers somatosensory information; and
the isthmus transfers auditory information.
Because of this topographic organization,
lesions of specific callosal regions result in
predictable deficits in interhemispheric
transfer of information.

In patients who have undergone com-
plete callosotomy, all callosal connec-
tions are severed. With the hemispheres
surgically disconnected, information can
be presented to each hemisphere in iso-
lation by taking advantage of the contra-
lateral organization of the nervous sys-
tem. To lateralize visual stimuli, for
example, subjects are asked to fixate on a
central crosshair. Stimuli are briefly flashed
to one side of the crosshair or the other.
Because of the anatomy of the visual sys-
tem, each stimulus will be processed ex-
clusively by the contralateral hemi-
sphere. Thus, stimuli presented to the left
of fixation are processed in the right hemi-
sphere, and vice versa. More recently, a
technique has been developed for stabi-
lizing stimuli on the retina so that presen-
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Figure 1. Functional topography of the corpus
callosum. Different regions of the corpus
callosum connect different regions of the 2
cerebral hemispheres. This topographic
organization is reflected in the functional deficits
that result from lesions to different callosal
regions.

tation times can be increased while
maintaining lateralization. This is ac-
complished by monitoring the pa-
tient’s eye movements with a dual-
Purkinje-image eye tracker and
deflecting the retinal image to com-
pensate for changes in visual fixa-
tion. Using this type of testing, it has
been demonstrated that informa-
tion presented to one hemisphere is
unable to transfer to the other hemi-
sphere. For example, if the right
hemisphere is presented with a pic-
ture of a common object, the pa-
tient is unable to name the object be-
cause the right hemisphere cannot
produce speech, and the language-
dominant left hemisphere has no
knowledge of the presented object.
The right hemisphere can express its
response, however, by pointing to
the correct picture with the left hand.
This type of finding initially led to
the conclusion that interhemi-
spheric transfer does not occur in pa-
tients with complete callosotomy.
In contrast to complete callos-
otomy, patients with incomplete le-
sions of the corpus callosum do not
exhibit the classic disconnection
syndrome. Behavioral testing has re-
vealed subtle deficits, and the pat-
tern of deficits observed in these pa-
tients provides further evidence for
regional specificity of the corpus cal-
losum. Risse et al? report that pa-
tients who had the anterior two
thirds of the corpus callosum sec-
tioned, sparing the splenium, did not
show any discernible disruption of
interhemispheric transfer except in
adichotic listening task and some so-
matosensory tasks. Patients who un-
derwent a more complete anterior

callosal section that spared only one
third of the splenium demon-
strated intact visual transfer but lack
of interhemispheric transfer in all
other modalities. Surgical resec-
tion of the posterior corpus callo-
sum, preserving the anterior re-
gions but lesioning the splenium,
results in lack of interhemispheric
visual transfer.® These results con-
firm that regions of the corpus cal-
losum have specific functional roles
and that the type of callosal lesion
in a given patient can be inferred
from performance on tests of inter-
hemispheric transfer.

SUBCORTICAL
INFORMATION TRANSFER
IN PATIENTS WITH
CALLOSOTOMY

Patients who have undergone full
callosotomy are described as split-
brained, but possible conduits of in-
terhemispheric transfer remain. Sub-
cortical connections are presumably
unaffected by callosotomy, and the
search for subcortical information
transfer between the hemispheres
has been a major focus of research
with callosotomy patients. This re-
search has been contentious, with
some investigators reporting evi-
dence of limited transfer of infor-
mation and others disputing these
claims. Some of the literature in sup-
port of interhemispheric transfer has
reported transfer of perceptual in-
formation.* Other researchers have
reported evidence for transfer of
higher-level cognitive information
but not of perceptual information.’
Corballis® reviewed much of this lit-
erature and concluded that the evi-
dence for subcortical transfer of
higher-level perceptual or cogni-
tive information was not convinc-
ing and that many of the findings
could be explained by information
available to one hemisphere rather
than to subcortical transfer. There
is, however, some evidence for sub-
cortical transfer of coarse percep-
tual information (eg, large vs small).
Transfer of this type of information
could facilitate above-chance guess-
ing in some paradigms and pro-
duce the appearance of subcortical
information transfer. Gazzaniga et al’
provided an elegant demonstration
of this type of transfer in a patient

with a complete callosotomy veri-
fied by magnetic resonance imag-
ing (MRI) studies. When the right
hemisphere was presented with 1 of
2 digits (1 or 2), the left hemi-
sphere was able to name the digit un-
der certain conditions. The re-
sponse had to be binary, and the left
hemisphere had to be aware of what
the 2 response choices were. Inter-
estingly, although the left hemi-
sphere was able to verbally identify
the stimulus presented to the right
hemisphere, the patient was un-
able to match stimuli across visual
fields. This indicates that, although
there is limited subcortical informa-
tion transfer, this transfer is only ca-
pable of supporting certain types of
responses.

Kingstone and Gazzaniga® in-
vestigated the issue of subcortical
transfer of higher-level information
in patient 1, who had a complete cal-
losotomy verified by postsurgical MRI
findings. They presented pairs of
words simultaneously with 1 word in
each visual field (eg, tooth + brush).
After each word pair was presented,
patient 1 was given a pad of paper and
a pen and asked to draw a picture of
what he had seen; he drew a substan-
tial number of pictures that com-
bined the words presented to the 2
visual fields. From this, it could be
concluded that there was interhemi-
spheric transfer of information. How-
ever, patient 1 drew many more of
these compound words when he was
able to see the paper on which he was
drawing than when it was hidden
from view. This raises the possibil-
ity that the integration occurred on
the paper rather than in the brain.
The authors therefore designed a sec-
ond experiment in which the word
pairs were constructed such that the
pair formed a compound word that
was not suggested by either of the in-
dividual words in the pair (eg,
break + fast). In this task, patient 1
never drew pictures combining the
information from both visual fields.
They concluded that the evidence
from the first experiment suggest-
ing transfer of semantic information
in this patient was illusory and could
be attributed to bilateral control of the
same hand. Thus there was no evi-
dence for the transfer of higher-
order information between the 2
hemispheres.
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CORTICAL
INFORMATION TRANSFER
IN PATIENTS WITH
CALLOSOTOMY

In addition to preserved subcorti-
cal pathways in patients with cal-
losotomy, other cortical commis-
sures may remain intact because the
extent of the surgical section varies
by patient and by surgeon. These
preserved cortical pathways may be
capable of supporting interhemi-
spheric information transfer. In ad-
dition, postsurgical MRI findings in
patients who were reported to have
full callosotomies have occasion-
ally revealed unintentional sparing
of callosal fibers. As the research
from patients with partial callos-
otomy suggests, these intentionally
or unintentionally spared fibers may
provide a pathway for the interhemi-
spheric transfer of information.
Sparing of fibers in some pa-
tients may account for the incom-
patible findings reported in the lit-
erature on interhemispheric transfer.
Some evidence of this comes from
the authors’ patient 2. Previous re-
search with patient 2 consistently
failed to show any interhemi-
spheric transfer of perceptual infor-
mation. Despite this, results of MRI
studies performed 5 years after sur-
gery revealed spared callosal fibers
in both the splenium and the ros-
trum.’ It is possible that these spared
fibers could potentially support in-
terhemispheric transfer. Although
there has been no evidence for this
in purely perceptual tasks, some evi-
dence for limited interhemispheric
transfer of information in patient 2
has been demonstrated.'® In this
study, patient 2 was able to make
reasonably accurate judgments about
whether words simultaneously pre-
sented to opposite visual fields
rhymed in some conditions but not
others. She was able to make these
judgments with 77% accuracy when
the words both looked alike and
sounded alike (eg, look/book), but
her performance was at chance when
the words looked alike but did not
sound alike (eg, cough/dough) and
when the words sounded alike but
did notlook alike (eg, rule/tool). The
authors concluded that patient 2 was
able to transfer weak or degraded
phonologic and orthographic infor-

Head + Stone

Figure 2. Paradigm for assessing interhemispheric transfer of semantic information in a patient with a
callosotomy. A single word is presented to each side of visual fixation for 150 milliseconds so that each
word is only “visible” to one hemisphere. The patient is asked to draw a picture that represents the
word(s). Patient 2 frequently drew pictures that reflected a compound of the 2 words that was not

suggested by either of the words in isolation (right).

mation between hemispheres and
that this transfer seemed to occur via
spared callosal fibers.

To further investigate the role
of spared callosal fibers, we tested pa-
tient 2 in a number of paradigms that
could potentially reveal interhemi-
spheric transfer. In the first experi-
ment, she was presented with word
pairs that were constructed such that
the pair formed a compound word
that was not suggested by either of
the individual words in the pair, as
in the study reported by Kingstone
and Gazzaniga.® Presentation of the
2 words in each pair was simulta-
neous with 1 word in each word pair
appearing in each visual field. Pa-
tient 2’s eye movements were moni-
tored to ensure that each hemi-
sphere had access to only 1 word in
the pair. Patient 2 drew the emer-
gent object suggested by the com-
bination of the 2 words in every trial
(eg, breakfast, cockpit, home run).
These results indicate that there is
transfer of information between
hemispheres (Figure 2). It is un-
likely that this transfer is occurring
subcortically since there was no evi-
dence of transfer in this task with pa-
tient 1.8 We suggest, therefore, that
the interhemispheric transfer ob-
served in patient 2 is via the spared
callosal fibers revealed by postsur-
gical MRI findings.

Further experiments were de-
signed to determine the basis of this
transfer. To assess visual transfer, pa-
tient 2 was asked to compare objects

presented simultaneously in both vi-
sual fields. The objects differed in ei-
ther color, size, shape, or number. Pa-
tient 2’s performance was at chance
for all comparisons, suggesting that
there is little or no interhemispheric
transfer of visual information. A sub-
sequent experiment explored trans-
fer of phonological information. Itis
possible that visually presented words
can be translated into phonological
code within each hemisphere and that
thisrepresentation is then transferred
from one hemisphere to the other. If
the phonological code of the word is
transferred but not the visual word
form, then patient 2 might be able to
differentiate between words that are
phonologically different, but would
make errors on word pairs thatare ho-
mophones (eg, toe and tow). In these
word pairs, the visual word form
would be different, but the phonologi-
cal code would be identical. When
these word pairs were presented with
1 word in each visual field, patient 2’s
performance was at chance for all word
types, suggesting that she was unable
to transfer either the visual word form
or the phonological code of words be-
tween hemispheres.

THE ROLE OF SPARED
CALLOSAL FIBERS IN
INTERHEMISPHERIC
TRANSFER

These 2 experiments provide no evi-
dence for interhemispheric trans-
fer related to the physical coding of
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the stimulus. This is not entirely con-
sistent with the data reported by
Gazzaniga et al'® from which they
concluded that there was evidence
for transfer of weak or degraded pho-
nologic and orthographic informa-
tion. In addition, the results of the
drawing experiment also demon-
strate transfer of information be-
tween the hemispheres. Although it
is clear that there is interhemi-
spheric transfer in this patient, there
are clearly discrepancies among the
experimental findings. This gives rise
to a number of questions: What
pathways are mediating this trans-
fer? What type of information is be-
ing transferred, and why is transfer
seen in some experiments and not
others? Do the findings from this pa-
tient have implications for studies
with other patients?

First, since there is interhemi-
spheric transfer of information in pa-
tient 2, it is likely to be occurring via
subcortical pathways or via the
spared callosal fibers in the ros-
trum and splenium. Patient 1 had a
complete callosotomy with no evi-
dence of any fiber sparing, so only
subcortical pathways were avail-
able for interhemispheric transfer. In
the drawing experiment, he showed
no evidence of any transfer be-
tween hemispheres. This suggests
that subcortical pathways are not ca-
pable of supporting this type of in-
formation transfer. It is therefore un-
likely that the information transfer
demonstrated by patient 2 in this ex-
periment is occurring via subcorti-
cal pathways. A second possibility is
that the transfer is not occurring via
cortical or subcortical connections,
but rather by more peripheral mecha-
nisms such as subvocal speech. If
the right hemisphere is able to pro-
gram the speech apparatus, this
could account for patient 2’s ability
to make rhyming judgments about
word pairs that look and sound like
rhymes (eg, look/book). If this were
the case, however, then patient 2
should also have been able to make
rhyming judgments about words
that sounded alike but did not look
like rhymes (eg, rule/tool) because
the visual word form should not in-
fluence subvocal speech mecha-
nisms. However, since her perfor-
mance was at chance on these word
pairs, subvocal speech cannot ac-

count for the data. This suggests that
any transfer of information is not
likely to be occurring via the speech
apparatus. Because the data are not
consistent with subcortical or pe-
ripheral mechanisms, interhemi-
spheric information transfer is likely
to be occurring via the spared cal-
losal fibers.

If these spared fibers are
capable of supporting interhemi-
spheric transfer, the question then
is what type of information is
being transferred. The results of
the rhyming experiment suggest
that there is transfer of weak or
degraded orthographic and phono-
logical information. Other findings
do not support this conclusion, but
if the transferred information is
truly degraded, it may be sufficient
for making some types of judg-
ments but not others. There is also
evidence for transfer of higher-
level information in the drawing
experiment. It is not likely, how-
ever, that higher-level information
alone would provide sufficient
information for making judgments
about rhyming. We conclude,
therefore, that there is some trans-
fer of higher-level information,
probably via the spared rostral
fibers, and some transfer of
degraded perceptual information
via the sparing in the splenium.
The fact that some types of infor-
mation are transferred and some
are not, and that some of the trans-
ferred information is likely to be in
a degraded form, accounts for why
information transfer is seen in
some experiments with patient 2
but not in others.

The findings from patient 2
may have implications for studies
with other patients. The literature
on subcortical information trans-
fer in patients with callosotomy is
rife with inconsistencies. Because
the extent of the cortical separ-
ation in these patients has not
always been confirmed by brain
imaging techniques, it is possible
that some of these patients have
spared callosal fibers. This sparing
may be sufficient to support some
types of information transfer. Dif-
ferences in the extent of cortical
separation among patients may
account for the discrepancies in
the literature.

B CONCLUSIONS _ pu

Patients with callosotomy provide a
unique opportunity to study the
functions of the 2 hemispheres in
isolation. Much has been learned
from these patients about hemi-
spheric specialization in visual per-
ception, imagery, language, and
memory, as well as in other areas of
perception and cognition. In addi-
tion to insights into hemispheric spe-
cialization, the deficits in cognitive
processing demonstrated by pa-
tients with callosotomy provide clues
about the integrative function of the
corpus callosum in the intact brain.
Although some issues of hemi-
spheric specialization and integra-
tion can be studied in normal sub-
jects, many of these issues can only
be studied in patients with callos-
otomy because the presence of an
intact corpus callosum masks the
specific contributions of each hemi-
sphere and of any subcortical path-
ways. Therefore, split-brain pa-
tients provide a valuable way, and
in some cases the only way, of study-
ing hemispheric specialization and
integration.

Although there is relatively little
controversy about hemispheric spe-
cialization of function, there has
been a great deal of controversy
about the extent of subcortical in-
formation transfer in patients with
complete callosotomy. Research on
interhemispheric transfer in split-
brain patients has produced discrep-
ant results in both perceptual and
higher-level domains. We suggest
that the apparent inconsistencies in
the literature may be the result of dif-
ferent degrees of callosal sparing. In
most if not all split-brain patients,
there are cortical commissures or
callosal fibers that are spared either
intentionally or unintentionally.

Prior to the advent of MRI,
there was no way to confirm the ex-
tent of surgical section. Even with
the availability of MRI, there are few
reports in the literature on imaging
studies of patients with callostomy.
Behavioral studies investigating in-
terhemispheric transfer have gener-
ally assumed that any callosal spar-
ing is not sufficient to support
functional interhemispheric trans-
fer. The case of patient 2, however,
lends a cautionary note to such con-
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clusions. While some studies of per-
ceptual function make her look fully
split, there is evidence for transfer
of both degraded perceptual and of
some higher-level information by
spared callosal fibers. This raises the
possibility that studies showing
transfer in some patients and in some
paradigms, but not in other pa-
tients or other paradigms, may be the
result of different degrees of callo-
sal disconnection. We suggest that
when the corpus callosum is fully
transected, there is little or no trans-
fer of higher-order perceptual or se-
mantic information. Studies on split-
brain patients who show transfer of
more complex perceptual and cog-
nitive information may be contami-

nated by the presence of spared cal-
losal fibers.
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