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Neurologic Perspectives on Right Hemisphere
Language Following Surgical Section of the
Corpus Callosum

Michael S. Gazzaniga, Ph.D.;* Ruth Nass, M.D.,T Alexander Reeves, M .D.fand
David Roberts, M.D. T

Over the past 25 years, there have been more
than 100 cerebral commissurotomy procedures
carried out in an attempt to control intractable epi-
lepsy. In the early 1960s, the surgical series initi-
ated by Bogen and Vogel' stood alone in this effort
and was not significantly augmented until the late
Donald Wilson performed the operation starting
in the early 1970s.%® The therapeutic success of his
series gave rise to renewed interest in the proce-
dure, and in the mid 1970s, several medical centers
embarked on similar projects.* As the number of
patients increases, new insights are possible on a
variety of issues concerning the lateral organiza-
tion of cerebral functions. In this review, we will
examine the issue of whether or not right hemi-
sphere language, when it is present following com-
missurotomy, can be understood in terms of pre-
disposing neuropathologic processes.

To date, only five of the approximately 50 pa-
tients who have undergone corpus callosotomy for
seizure control and who have been neuropsychol-
ogically examined show evidence of right hemi-
sphere language.® There are no 'published studies
other than on these five patients. 11 Furthermore,
although the right hemisphere is language com-
petent to varying degrees in these five patients, the
left hemisphere remains the language-dominant
hemisphere in all.

The apparent paucity of right hemisphere
language in this population runs counter to the claim
that right hemisphere language is rather common
in the general population, but functionally sup-
pressed by left hemisphere dominance.”'? More-
over, the apparent rarity of right hemisphere lan-
guage is somewhat paradoxical in view of the
common criticism of split-brain studies, which sug-
gests that the epileptic’'s brain is atypically orga-

nized as the result of neurologic disease. The im-
plication of this criticism is that right hemisphere
language should be excessively frequent in the
split-brain population: vet. the frequency of right
hemisphere language seen in the split-brain popu-
lation 1s generously estimated at 10%, which is only
slightly more frequent than in the typical right-
hander.'""

In this article we will tryv to determine any fea-
tures of the medical histories that suggest possible
predisposing factors that may explain the presence
of right hemisphere language in these five pa-
tients. In addition the history of five patients who
do not show evidence of right hemisphere lan-
guage will be summarized for comparison. We will
discuss several critical factors that are thought to
contribute to the biologv of language processes, such
as the timing of brain injurv, the location and tyvpe
of injury, mechanisms of reorganization, handed-
ness, sex, individual variability, and intelligence, and
assess their relevance to these particular case his-
tories.

POSSIBLE FACTORS CONTRIBUTING TO
BILATERALIZATION OF LANGUAGE AND
SPEECH

TIMING OF INJURY

Itis generally accepted that there is greater re-
covery due to reorganization of function when
damage occurs in the immature compared with the
mature nervous system.'® Rasmussen and Milner'”
examined language lateralization in large numbers
of epileptic patients with apparent brain damage
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Table 1. Speech Lateralization as Related to
Handedness in 134 Patients with Definite Clinical
Evidence of an Early Left Hemisphere Lesion

Speech Representaion

No.
Handedness Cases Left Bilateral Right
Right 42 34 (81%) 3 (7%) 5 (12°%)
Left or mixed 92 26 (28%) 17 (19%) 49 (63%)

Reprinted with permission from Rasmussen and Milner.'?

using the intracarotid amobarbital procedure. The
injection of a short-acting barbiturate into the in-
ternal carotid artery anesthetizes the ipsilateral
hemisphere and allows the investigator approxi-
mately 3 to 5 minutes to assess the language capac-
ities of the nonanesthetized hemisphere.

When there is definite clinical evidence of earlv
(before age 6 years) left hemisphere injury. lan-
guage lateralization is often altered (Table 1). Yet.
this is not a constant finding. Among patents
maintaining right-handedness, the majority con-
tinue to have only left hemisphere language rep-
resentation despite the injury. Although reorgani-
zation of language representation occurs more
frequently in those who are or-become mixed or
left-handed, bilateral language is the least common
organizational outcome. In addition, it should be
noted that bilateral language (as demonstrated at
intracarotid amobarbital testing) may be present in
two forms. Language representation may be a mir-
ror image in the two hemispheres, or naming and
series speech may be dissociated, each hemisphere
being capable of mediating only one of these two
expressive language functions. These two patterns
occur with equal frequency when language is bilat-
eral, regardless of the age of the patient at the ume
the lesion occurs.'?

Another source of data regarding language
reorganization after early left hemisphere injury
(before language acquisition) comes from studies
of patients with congenital and infantile right hem-
iplegia who undergo left hemispherectomy for
control of seizures. As a rule, these patients do not
develop aphasia at the time of hemispherectomy."”
Although the damaged left hemisphere may have
had residual language capacity in some cases.”
sparing of language in this setting requires that the
right hemisphere is (or has become) the language
hemisphere.

The amobarbital and hemispherectomy data for
patients with early lesions stand in marked contrast
to the data on language reorganization when the
mature central nervous system is damaged. Ras-
mussen and Milner’s'? intracarotd amobarbital data
for 262 epileptic patients, without clinical evidence
of early damage to the left hemisphere, suggest that
language representation in this population is iden-
tical with that of the normal population. Damage
to the left hemisphere, be it neoplastic or vascular,
beginning in middle childhood, results in progres-
sively less transfer of language capacity to the right

hemisphere, as is evident from the decreasing lan-
guage capacity of the solo right hemisphere after
left hemispherectomy at increasing age. 16-18 Thus,
age at the time of gross brain injury affects the ex-
tent of reorganization of language and should be a
crucial variable in defining the subset of commis-
surotomy patients with right hemisphere language
competence.

‘LOCATION OF INJURY

Rasmussen and Milner!” suggest that gross
brain damage in the perisylvian language areas is a
prerequisite to reorganization of language. Pa-
tients with early injury who remain right-handed.
and who have not sustained damage in crucial lan-
guage zones, show relatively infrequent evidence
of reorganization of language representation. Also,
although the lesion in many of the patients who
have presumably become pathologic left-handers is
sufficiently close to the perisvlvian language re-
gion to result in language reorganization, the in-
jury can be discrete enough to affect motor func-
tion without affecting language organizaton. Thus,
a sizable percentage of mixed and left-handers have
left hemisphere language only (Table 1).

It is important to observe that gross early dam-
age to the left hemisphere, although frequently re-
sulting in right hemisphere language capucity as just
discussed. does not necessarily do so. Determina-
tion of location of damage is crucial for any predic-
tion about the probability of right hemisphere lan-
guage. Moreover, even when the location of the
lesion is documented to be within the perisylvian
language region, reorganization of language within
the left hemisphere rather than between hemi-
spheres may result. For example, reorganization can
occur within the left hemisphere, at the cortical
level, 'Y as well as between centers located at differ-
ent anatomic levels.?" Evidence from stumulation
mapping during craniotomy for epilepsy clearly
documents a group of patients with left hemi-
sphere lesions and left hemisphere language that
is atypically localized within the hemisphere, so that
language processing extends well into the parietal
lobe.!? Thus, reorganization does not necessarily
mean transfer to the opposite hemisphere.

Lateralization of language at the subcortical or
thalamic level, is also now well documented.?! The
pattern of event-related potentials measured dur-
ing cortical resection of epilepsy is similar to that
evoked from the thalamocortical activating cir-
cuit.22-2* A complete model of the physiology of
language may well require consideration of thala-
mocortical systems. Again, reorganization may not
necessarily mean transfer of language to the right.
Subcortical processing may turn out to be espe-
cially relevant to the expression of language rep-
resentation in the commissurotomy population. (See
the articles by H. Damasio et al and Graff-Radford
and Damasio in this issue of Seminars.)
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TYPE OF INJURY

The next relevant issue s the tvpe of damage
required to mduce reorganization. In many epilep-
tes. brain damage is not apparent by standard di-
agnostic techniques. such as computed tomogra-
phy (O scannimg. For example. of 98 children
with chronie seizure disorders. structural abnor-
mulites were documented in onlv one-third = and
ot 187 adulis. abnormalites were present in aboue
one-half.=" Most of those abnormalites were non-
spectfic, such as diffuse cerebral arophy, With
temporal lobe epilepsy requiring surgerv, parho-
loaie changes were absent m 21 o 48% of all
tents. T Y suggesting that in some istances no a
normality can be found with current methods.

Focal siructural abnormality is most trequent
mo opatients with purttad epilepsyv. Gastaur and
Custaur™ suggest that the functional. constin
uonal epilepsies be disunguished from the oreanic

eptlepsies on the buasis of the presence or absence

1

ot pathologic processes i the bram. In a subser ot
those patients with normul scans, microscopic dus
age is presumably present. for example. mesial
temporal sclerosis. corticad dyvsplasia. hamartomeas,
With newer techniques. such as nuclear magnesic
resonance. some of these “microscopic lesions”™ mav
prove to be discernable. Data trom position eniis-
ston tomography (PET sucgest that epileptic focn,
whether or not thev wre assocated with appuren:
bram damage. are metabolically hvpoactive.™ Thus,
the Impetus for reorganization may be present ¢
when brain damage is not grosslv appuarent.

1 -

Several other caveats are in order. Localicu-

ton of abnormal brain tssue based on setzure i De
and clecroencephalographic tEEGH findings is no-
torioushv unreliable in children. The occurrence o
partal serzures i children does not reliably pre-
dict the locauon of EEG or brain abnormalities. Al
focal and multfocal seizures mav occwr in the chi
with generalized EEG abnormalities. Additionalls
the EEG abunormalites may be o manifestation o
primary o1 secondary gencralization. Gibbs et &
describe an EEG pattern. frequent during devel-
opment. in which the elecorcal focus moves ante-
riorhv with ume. starting occipitallv in the voung
chiid and ending. by adolesence. in the anterior
temporal region. Iis not known where and what
the underlving pathologic condition is. Additon-
allv. benign focal epilepsy of childhood™ mav well
be u form of tunctional generalized epilepsy. the
EEG characteristies veflecting the immaturiee of the
cenral nervous svstem and genetic factors rather
than the locaton of the pathologic process.?! In sun.
the parameters of partial seizures in the child ve-
mam o be turther clucidared. I the absence of
stractural brain damage. the significance of partial
seizures i childhood for language reorganization
is <ol oo matter of conjecture.

A second consideration is that, although both
clecorophysiologic studies™ ™ and PET™ suggest u
focilh origin for some tvpes ol epilepsy classified as

id
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ceneralized. such as Lennox-Gastaut or slow-spike
and slow-wave epilepsy, the mcentive for reorga-
nization  with  generalized  epilepuiform  activity
without apparent focal damage is not known,

It is also important to reualize that surgery for
serzures is often a last-resort approuch to epilepsy.
Thus. most patients coming o commissurotomy
surgery have had seizures tor manv vears. The ef-
fect. for example. of the development of a mirror
focus on already reorganized language function-

mg 18 not known. Kindling mayv have different ef-
tects on the right and left hemispheres. Stokes and
Melnovre ! for example. report lateralized. asvm-
mewric, state-dependent learnimg i kindled ani-
muals. Those kindled in the left hippocampus showed
evidence of learning only when trained and rested
m the normal state. On the other hand. animals
sindled in the right hippocampus showed evidence
o some state-dependent learning with some trans-
rer occurrmg from the convulsed 1o the normal
stute. The mmplication of such hemispheric asvm-
metry for the reorganizaton of funcuon in the kin-
fled bram remains 1o be determined.

Clearlv. the differences m the reorguniza-
uonal mpetus for language i pavenis with epi-
psvosecondary to gross bram disease. as opposed
those with epilepsy and no apparen: discase. are

o

— 7

Lo

il to be worked out.

HANDEDNESS AND LANGUAGE
ORGANIZATION

Handedness is known to be an important vari-
abie e bram organizauon for language. Clinical
roke data document that ar least @77 of right-
handers are left hemisphere dommuant for lan-
cuage.”! There is considerably more variability
among left-handers. although the detals ol Lan-
cuage organtzation vary. depending on the assess-
ment technique (Table 2y The anatomie markers
of lainguage organizanon, such as the planum tem-
porale asvmmertry, are more variable m letr-hand-
ers.” Ratcliff et al™ documenting language rep-
resentation by intracaroud amobarbital tesung ina
populaton of epilepuics being considered for sur-
serv. demonstrate an appropriate covariinee among
nandedness. language representation. and mor-
phologic avmmetrtes. The contributions of tamily
handedness and strength of handedness as mark-
ers of language organization are receiving mncreus-
g attenton. 1 These mav alfect language or-
caunization in both right- and lefi-handers.

The marked change m rauo of right- o left-
handers from 10 1o 1 in the normal population to
Do 2 patents with early left hemisphere dam-

age highlights the importunce of the concept of

pathologic left-handedness when considermyg the
entleptic pmpulzui(m."" Butitis ofien forgoten that
pathologic right-handedness also exists. ™= This must
bhe Rept inomind when the commissurotomy pa-
tents are considered m the context of right hemi-
sphere damage. Padents with pathologic rght
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Tabie 2. Speech Representation in Sinistrals

Speech Representation (%)

Left Bilateral Right Technique Study
70 15 15 Amacbarbital Rasmussen and Milner'
66 34 Electro- Warrington and Pratt®
convulsive
therapy
40 40 20 Statistical Satz™

correlation Carter et al*®

of lesion data

handedness obvioushy represent the most uncom-
mon subset of persons with sieht hemisphere fan-

EERHIUCH

ROLE OF SEX DIFFERENCES

Differences i language representation in nutles
versus females have been suguested. although the
dura are controversial. o Greater bilateralizaton of
language processes may be present in the female.
Conceivablv. the more rapid maturation of the fe-
male central nervous svstem T s conducive o bi-
lateralizaton. ' Notable m this context s the greater
frequency of febrile seizures areflection of central
Nervous svstem immaturity amonyg voung males
compared with females of the same age. and the
preponderance of left hemisphere origin of tebrile
seizures in the frst 2 vears.™ In view of the assoct-
ation between prolonged tebrile seizures and me-
stal temporal sclerosis.?’ femuales with febrile con-
culsions at an early age should show a partcularly
high incidence of right hemisphere language. sec-
ondary to reorganization after left hemisphere in-
jurvy,

The clinical lesion data supporting greater bi-
lateralization of language in the adult female doc-
ument deficits in verbal abilities measured by 1Q
tests and at intracarotid amobarbital testing. with
lesions of either hemisphere.”'” but epidemio-
logic studies of the incidence of aphasia with stroke
have not corroborated the other clinical data. sug-
gesting greater bilateralization of language in fe-
males.”

INDIVIDUAL VARIABILITY AND LANGUAGE
ORGANIZATION

Individual variability cannot be discounted as
a key factor in explaining the inadence of right
hemisphere language in anv population, including
patients who have undergone commissurotomy. The
planum temporale asymmetry to which we have
previously alluded is present in only 65% of the
normal right-handed population. 97% of whom are
left hemisphere dominant for language. Thus. the
planum temporale is not a su fAcient marker of left
hemisphere specialization. although it may reflect
some subordinate aspect of lateralization.”” Corti-
cal stimulation studies demonstrate a wide range n
localization of elicited language processes within the
left hemisphere for epileptic individuals who oth-

erwise show relatvelv tvpical hrain  organiza-

FNIND

ton.

INTELLIGENCE AND HEMISPHERIC
SPECIALIZATION

The eftfect of mtelligence on hemispheric spe-
cialization is only beginning to be studied. Many
investigators sugyest that normal intelligence is a
pl'crcquisirc o Spcuiulim[i(m of function.”” Thus.
the fact that 2 number of commissurotomy patients
have only borderline intellectual abilities must be
considered in the equation for anticipated right
hemisphere language. Moreover. long-term stud-
ies of commissurotomy patients suggest that total

callosotomy may selectivelv enhance the effect of

preexisting pathologic processes in the right hem-
isphere.” which may range from focal EEG ab-
normalities to grosshv apparent hemispheric atro-
phyv. The four patients in the study of Campbell et
al.°7 with documented structural damage in the right
hemisphere. showed both immediate and chronic
depression of right hemisphere function on neu-
r()psychologic tests. One might conclude that, even
if minimal. damage to the right hemisphere would
prevent the expression or acquisition of language
in that hemisphere after commissurotomy. How-
ever, N.G.. one of the five patients with demonstra-
ble right hemisphere language skills, is one of the
four patients with structural damage.

COMPENSATORY BEHAVIORAL STRATEGIES
AND RIGHT HEMISPHERE LANGUAGE

Once the callosum is sectioned, the right hem-
isphere is theoreticallv freed tfrom left hemisphere
dominance. The most common ramification of this
event on language is mutism. Lasting from days to
months, mutism is a complication of both single-
stage total commissurotomy and two-stage com-
missurotomy sparing the anterior commissure. The
mutism is not a form of aphasia, both because the
recovery pattern differs (no anomia, no paraphas-
ias. and intact ability to write) and because there is
no hemispheric damage to explain it. BogenY
argues against the explanation that it is a mild form
of akinetic mutism, since patients with comparable
surgical manipulation in the area of the anterior
third ventricle, but with sparing of the splenium,
have not become mute. He favors a behavioral ex-
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planation wherein the previously left-dominated
right hemisphere is suddenly free to compete.’® The
competition results in mutism. On the other hand,
L.B. awoke from surgery complaining vigorously
and verbally of a headache.®® The relatively short
duration of mutism with two-stage procedures, be
they anteroposterior or posteroanterior, suggests
that a modus vivendi between the two partially sep-
arated hemispheres can be preemptively achieved.
Bogen®® reports at least one patient with right
hemisphere atrophy from childhood who mani-
fested no mutism. This suggests that when one
hemisphere has carried the entire burden of cog-
nition and consciousness, disconnecting the non-
functioning hemisphere does not lead to mutism.

RIGHT HEMISPHERE LANGUAGE
FOLLOWING COMMISSUROTOMY

The five patients who have shown evidence of
right hemisphere language have different linguis-
tic profiles. These have been discussed in detail
elsewhere.” Here we will examine their neurologic
histories for cues that might possibly explain their
special status.

SUMMARY OF NEUROLOGIC HISTORIES

PS,? at 20 months of age, a previously normal
right-handed boy, developed a high fever and had
many right-sided motor seizures, which became
generalized. They were controlled by phenobarbi-
tal after 8 hours. He then exhibited hyperactivity
and disruptive behavior, but was without seizures
until age 4 years when he experienced “absences”
about twice a month. At age 6, he had a normal
EEG. At age 10, he began to have right-sided par-
tial seizures characterized by adversive movement
of the head, posturing of the right arm, and walk-
ing around in circles. These lasted for 2 minutes,
and, following them, he slept for several hours. The
EEG showed slow waves over the left hemisphere
and spikes with spike-wave complexes in the left
temporal leads, occasionally propagated to the right
side. The only physical abnormalities were im-
paired ability to recognize objects placed in his right
hand, and right-sided hearing loss. Diazepam and
phenytoin were begun. Phenobarbital was later
added, but the partal seizures increased in fre-
quency. Phenytoin was increased to toxic levels.

By January 1974, when he was 14 years old,
seizures were occurring 10 times monthly, and ma-
nipulation of various anticonvulsants, such as
phenytoin, phenobarbital, diazepam, and primi-
done, was to no avail. The EEG showed spike-wave
discharges in the left frontotemporal and posterior
temporal regions, with dysrhythmia over the entire
left hemisphere. Generalized akinetic seizures were
added to his usual partial motor and complex at-
tacks. The latter seizures were characterized by
rocking back and forth, shouring, and bizarre au-
tomatisms. Between seizures, his hyperactive, dis-

ruptive, and often violent behavior continued. Then
partial motor seizures began to occur on his left
side as well.

He was admitted for surgery in December of
1975 at age 15 years. Physical examination, skull x-
ray, and brain scan were normal, as were pneu-
moencephalography and pancerebral angiogra-
phy. EEGs showed diffuse seizure discharges over
the left hemisphere, most marked in the temporal
area, with slight secondary synchrony in the right
temporal area. There was a discrepancy between
verbal 1Q (83) and performance 1Q (99); the total
1Q was 89, in the dull normal range. The neuro-
psvchologic tests suggested “left hemisphere dam-
age.

Complete extraventricular division of the cor-
pus callosum was accomplished without incident.
The patent recovered consciousness quickly and
showed all the characteristics of an acute discon-
nection syndrome: mutism, immobility of the left
side, left homonymous visual neglect, bilateral Ba-
binski responses, and alternating periods of stupor
and alertness. Mild hyponatremia and hypokale-
mia were corrected. Although the ventricular sys-
tems were not entered at all, the quadrigeminal cis-
tern and the corpus callosum “cistern” were
breeched as usual. Low-grade fever was associated
with mild aseptic meningitis. Ampicillin had been
started 2 davs before surgery and was continued
for 5 days after the operation. Dexamethasone was
continued in diminishing doses for 10 days. Within
a few days, he was afebrile, and the cerebrospinal
Auid (CSF), although xanthochromic and under
high pressure, contained no white cells.

By the second week after surgery, he was able
to walk, eat, and dress himself. The acute discon-
nection syndrome subsided, but the most outstand-
ing characteristics of the postoperative course was
a regression to infantile behavior. He was queru-
lous and demanded constant attenton. He shouted
constantly untl someone sat with him, when he
would talk rationally. In addition to phenytoin, he
was placed on haloperidol. He complained of
headaches. Lumbar punctures revealed normal fuid
under high pressure. By the third postoperative
week, CSF pressure was normal, but an infusion
test was distinctly abnormal. CT scan showed small
ventricles in the normal position.

The final lumbar puncture was followed by
staphylococcal meningitis, which was quickly con-
trolled. The patient was discharged on March 24,
when his behavior was normal and he had no neu-
rologic deficit. He was discharged on phenytoin,
having experienced no seizures since operation. An
EEG showed the same discharges in the left fron-
totemporal area. Activity in the right hemisphere
was normal. In August 1976 he had a single gen-
eralized tonic-clonic seizure. His phenytoin level was
only 3.2 pg/ml. Postoperative 1Q was essentially
unchanged. Within 1 month of his operation, he
clearly had right hemisphere language, with the
capacity to carry out commands that were strictly
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to the right brain. Approximately 2

right hemisphere speech ap-

lateralized
vears after surgery,
peared.

VP, a 32-vear-old right-handed woman. had
a mixed seizure disorder tha[ could not be man-
aged with antiepileptic drugs. She was the product
of a tull-term pregnancy and uncomplicate d deliv-
erv. She had no unusual illnesses in thldhood and
reached developmental landmarks normally. There
was no familv historv of neurologic disorders. At
age 9 vears s she e\penenud recurrent seizures fol-
lowing febrile illnesses that included measles and
scarlet fever. The disorder was characterized bv
“minor spells™ and rare generalized convulsions.
Antconvulsant medicine controlled the sewzure
disorder and she was graduated from high school.
The EEG records from this period revealed spike-
and slow-wave activity diffuselv. By 1976 she was
experiencing episodes of blank staring lasung for
seconds. occurring several times a da\ EEG rec-
ords durmw this penod revealed bilateral 4 Cps \pii\u
and slow-wave actuvity, and sharp actviey with left
tevnpom predomnmnce In 1979 she was expert-
encing genemlue( major motor. absence. and mv-
oclonic seizures while on multple anticonvulsants.
She was referred for further management to the
Medical College ot Ohio. Evaluation included
normal skull Alm. CT scan. and angiogram. She
underwent par[ial anterior callosal section in earlv
April 1979, and the resection of her callosum was
completed in a second operation 7 weeks later.
Postoperative neurologic examination revealed no
focal findings. Wechsler IQ scores were in the nor-
mal range. She gave evidence of right hemisphere
language comprehension immediately after sur-
gery. Within 1 vear. right hemisphere speech ap-
peared

JW. ' a 30-vear-old right-handed man. had
intractable epilepsy since the age of 19 years. He
was the product of a full-term pregnancy and un-
complicated deliverv. Developmental milestones
were appropriately achieved. There was no family
historvofneurologicdisorder. Attheageof 13 vears.
after concussive head trauma without skull frac-
ture, he began to experience brief, infrequent ab-
sence spells. They were not treated. He was grad-
uated from high school at age 13 years. One vear
after graduation. he experienced a major motor
seizure. A complete neurologic evaluation. includ-
ing lumbar puncture, brain scan, skull films. and
blood chemistries, was normal. An EEG revealed
irregular polyspike and high voltage repetituve 3
cps spike and wave bursts during sleep. These ab-
normalities had a right anterior temporal promi-
nence. Over the next 7 years, there were many hos-
pitalizations during which attempts were made to
manage his epilepsv. In spite of adequate serum
levels of antiepileptic medication. he had trequent
generalized major motor seizures. The EEGs dur-
ing this period revealed irregular polyspike and
spike and wave activity bilaterally. A CT scan was
normal. During 1977 to 1979, he continued to have

frequent generalized major motor seizures and
manv absence attacks each day while on adequate
therapeutic doses of several different medications.
He was referred to the Dartmouth-Hitchcock
Medical Center. He underwent two-stage micro-
neurosurgical section of his corpus callosum over
the summer and fall of 1979. The posterior cal-
losum was sectioned first. At neurologic examina-
tion 8 months after his second operarion. he was
oriented and alert and conversed easilv about pre-
sent and past events. His neurologic examination
and his 1QQ were normal. He had the capacity to
understand language in the right hemisphere im-
mediatelv following his hirst operation as well as
following his aeumd He has never developed right
hemisphere :pmc

NGTO who was born after 6 months ges-
tation. in 1933, required hospiralizaton for several
weeks after birth. There was a familv history of

epilepsv. Her development was nonetheless nor-

mal untl she began to have com ulsions at the age
of 18 vears. durmrr pregnancy. Her blood pressure

was then 17 )/HO mmHy. She had a mm;muge.
and her blood pressure returned to normal. but
she continued to have seizures.

She was first admitted to the White Memorial
Hosplm in 1952, with a historv of eight convul-
sions. Her husband reported t that he was awakened
at night bv a strange sound and found his wife
“stiffened out” for 2 or 3 minutes. Phvsical exami-
nation was normal. The patient was right-handed
with no family history of sinistrality. Chest x-ravs
showed calcifications near the right hilum. The EEG
showed left temporal slowing. The skull x-rav re-
vealed a calcification, 1 cm in diameter, beneath the
right central cortex. A right carotid angiogram was
normal. Wechsler full-scale IQ) was 76. with a ver-

bal IQ of 79 and a performance 1Q of 7+4.

Seizures of the tonic-clonic, absence. and par-
tial complex types, with a left-sided sensory aura,
increased in frequency. She had a complete cere-
bral commissurotomy in 1963 (aged 30). Postop-
eratively, there were bilateral neurologic signs
transiently and the expected disconnection signs.
Seizures (genemlued right focal. and ab:ence) oc-
curred in the hospital after operation when ant-
convulsant medication was withdrawn, but none
occurred subsequentlyv for 8 vears except for occa-
sional episodes of transient left-sided numbness.
During the ninth year, while medication was being
reduced, the patient developed status epilepticus.
In the hospital. the EEG. which had been essen-
tially normal for 7 years, showed a left temporal
focus. Anticonvulsant medication was reinstituted.
The EEG again returned to normal (in less than 1
vear), and the patient had no seizures of anv kind
for 2 vears. Examination 9 vears after operation
revealed no focal neurologic abnormalities. Wechs-
ler full-scale 1Q at 4 and 13 years after operation
was 71 and 74, respectivelv. This patient demon-
strated right hemisphere language comprenensxon
within her first postoperative year. She was the first
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Table 3.
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Summary of Neurologic Histories of Five Commissurotomy Patients

Without Right Hemisphere Language

Age at Onset Seizure Type and Preoperative Neurclogic
Case of Seizures (yr) Frequency EEG Examination
LR 11. Undetermined Generalized: tonic- Bilateral synchronous and Normal left hemisphere
cause clonic, akinetic. asynchronous spike- dysfunction on neuro-
absence wave discharges logic exam
Partial: complex
SW 6. Febrile seizures Generalized: tonic- Bilateral, symmetrical, and Normal
at 6 months clonic. akinetic. asymmetrical spike-wave
absence discharges. frontal pre-
dominance
JK 4 Complex partial, Right frontotemporal spike Normal
partial motor. and slow waves with dif-
right. 5-10 day fuse bilateral spread
SF* 8 Tonic seizures more Bifrontal (R>-L) sharp Normal
than 1 month wave, spike and wave
later. Later aki- polyspike and wave
netic seizure. Up- depth EEG—right tem-
per and iower ex- poral and frontal seizure
tremity posturing onset plus sign. Left
(10-20day) temporal discharges
Generalized: several
per year
EB 11 Partial generalized Paroxymal. Right occipital Normal except left infe-

Lobectomy Full

rior quadrantanopia
due to previous sur-
gery

focus with 2° generaliza-
tion. No change after oc-
cipital. Full scale 1Q: 83:
verbal 1Q: 86; perfor-
mance 1Q: 81

Table modified from Wilson et al, 1877; 1982

“Novelly, R. et al, in press.

patient in the California series to give evidence of

right hemisphere language.

LB"7 was born by cesarean section. in 1452
after a normal pregnancy. Birth weight was 5
pounds. He was cvanotic and remained in an Iso-
lette for 8 davs. Devel opment was considered nor-
mal. He first had a convulsion at age 3'» vears.
Nonfocal seizures increased in frequency. No neu-
rologic abnormality was found on preoperative
aminadon. EEGs showed mild. diffuse abnor-
malities.  most  evident bilmnpm';ll]\. Pneumo-
cm’t‘pll‘mwr'lm (in 1956) and bilateral caroud
lelmmnn were 11()1111 . l’ru)pm';ui\‘e Wechsler

full s¢ Al(' 1Q was 11

“he pdl]t‘nl h: 1(1 a complete cerebral COMINIS-
surotomy i April 1965, No search was made for
the massa intermedia. His postoperative course was
smooth. He spoke well the next dav. He contunued
to do well, attending public school and doing pass-
able work. except in the "new math.” As an adult,
he received on-the-job training as a shop assistant.
Postoperative W echsler full- \(dl(j 1Qs at 2 and 10
vears were 109 b and 110 with a \mh d 1Q of 113
and 109 and a performance 10 of 102 dl)(i 110,
respectively.

Since the operation. he has had onlv seven ma-

jor seizures s and none for 4 vears ((()mpncd with

an average of one a week in the vear p!cudmu the
<)pc1‘m(>n) In the third vear there were nine lefi-
stded Jacksonian seizures, Neurologic examimation
§ vears after operation was nonfocal. He also gave

evidence of language comprehension i the righi
hennsphere dmm“ his hirst vear alter operation,

DISCUSSION OF THE CASES

As is apparent. the histories of these patients
vary greathv. With regard 1o timing of injurv. two
patients had evidence of early abnormalites or sei-
zures (PS. LB). one did not (JWiand in two this
was uncertain (VP NG The focation of possible
structural lesions that might predispose 1o bilateral
organization of langiuige was apparent onlv i PS
and LB. However. NG had a structural Tesion in
the right hemisphere.and JW and VP had no spe-
cific evidence of a localized structural lesion. Sex
could be construed as a predisposing factor i two
cases and handedness i none.

There are. of course. a host of pdllcms with
cerebral commissurotomy who have not given evi-
dence of right hcnnsphmc language at IIH\ WIng.
This \mul(l nuhx(lc d})])l()\llll ml\ 13 cases o the
Caltfornia series”™ and over 35 cases m the Wilson
series. We have also studied a few patients from
other centers, including cases from the Yale and
the Ohio series. Some of the patients had an unfa-
voruble hemiplegia, which disallows them from full
consideration of the presence or absence ol bilat-
cral language. Some transter information visually,
presumably through inadvertenty spared splenial

fibers or the remaining anterior commissure. but
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Age at
Other Pertinent Data Operation (yr) Type of Operation Complications
iC: 84 25 Central commissurotomy 1. None
1. Posterior: Sept 14, 1979 2. None
2. Anterior: Dec. 4. 1978
iQ: 83 20 Central commissurotomy 1. Right-left dissociation
1. Posterior: Nov. 21. 1980 2. None
2. Anterior: May 1. 1981
C: 31 16 Complete commissurotomy: None
Feb. 6, 1973
= znt lateral ventricie horn 20 Complete single-stage None
Tiidly dilated callosotomy
“.2rmal. except for 23 Posterior catloscicmy None

“emianopsia. Postocomnal

sorticectomy

aost of these are sull assessable because of :hc
qarked disconnection ol tactle mformaton. In such
wients it s possible to examine tactile-audi mx
.Jghing: Other patents are lost to tollow-up.
sresent. 4 new effort s under wav 1o wdentiin LLH

)mpn ate patients from several centers and o
cvamine each case methodic allv.

FExamination of the ncumlogi(t histories ot five
ses that have been tested t‘uryright hemisphere
language in the past but have not exhibited such
function vields no insights mto any possible pat-
tern in their earlv neum[mm hmm\ (Table 3.
Vartability inage of onset and tv pe of lcxmn was
not 1Humnmtmu One case. SF. underwent a PET
scan several vears after split-bram surgery inan ef-
fort to determine the existence of rwh[ hemi-
sphere damage that might explain his hnlmc to
demonstrate right ht‘lﬂl.\})h(! language. This pa-
dent. who did exhibit some signs of neglect when
asked to draw picture‘ to command, could none-
theless carry out a picture-to-picture matchimg rask
within the right hemisphere. At the same time. pic-
rure-word ma[chmg was not possible, nor was au-
ditorv-object matching. The PET scan revealed no
gross hemispheric dlfferemes and there was no

evidence of a gross pathologic process.

SUMMARY AND CONCLUSIONS

The normal brain organization that supports
both the comprehension and expression of human
language is of great 1mpm tance to the neuroloyist.

v[h()uuh the vast majority of neumlus_,m reports
would suggest the lett hemisphere is predomi-
nantly res p(msxble for language management. u
number of reports suggest that some kind of right
hemisphere involvement can occur. Adding sup-

port to this minority view over the vears has been
the series of studies on splic-hrain patents. What
has not been generallv reabized is that these studies
have been carried outon aselect subset of the spli-
brain population. and the efore may have mad-
vertently created the mpression that right hemi-
sphere language occurs with a greater frequency
following bisection of the bram. In addivon. it has
not been dear whether right hemisphere lan-
guage. when present. is the product of normal or
abnormal neurologic development,

In the fmc*vmmu, we huave reviewed the tactors

mvolved n pmcluumr an increased probability of

bilateral linguage. Our aim has been to trv to iden-

v tuctors [hl might explain the occurrence of

documented right hcnn.sphuc language m split-
brain patents. The data suggest that no coherent
picture can vet be identified [h w predicts the pres-
ence or absence ol right hemisphere language fol-
lowing cerebral commissurotomy. In some cases
there are indications of pledlsposm«r damage and
sometimes not. The same seems also to be true for
pu[icnts‘ who do not give evidence of right hemi-
sphere language. It ml remain for turmc‘ studies.
now in progress. on additonal cases to identfy such
factors.

This study was aided by United States Public Health
Service Grant 5 POT NS177738 to D Gazzaniga and a
Rocketeller Brothers Clinical Scholarship to Dr. Nass.
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