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Autism and Unfavorable Left—Right

Asymmetries of the Brain'

Daniel B. Hier, Marjorie LeMay, and Peter B. Rosenberger?
Massachusetts General Hospital and Harvard Medical School

Utilizing computerized brain tomography, left—right morphologic asym-
metries of the parietooccipital region were judged in 16 autistic patients, 44
mentally retarded patients, and 100 miscellaneous neurological patients. In
57% of the autistic patients the right parietooccipital region was wider than
the left, while this pattern of cerebral asymmetry was found in only 23% of
the mentally retarded patients and 25% of the neurological patients. It is
suggested that unfavorable morphologic asymmetries of the brain near the
posterior language zone may contribute to the difficulties autistic children
experience in acquiring language.

INTRODUCTION

Although superficial inspection of the brain suggests that the cerebral
hemispheres are exact mirror images, detailed examination reveals
numerous left—right morphologic asymmetries (Blinkov & Glezer, 1968).
Geschwind and Levitsky (1968) have drawn particular attention to
left—right asymmetries in the vicinity of the posterior language zone. In
from 60 to 90% of brains the left temporal plane is larger than the right.
Only about 10% of brains show a reversed morphologic asymmetry with the
right temporal plane larger than the left (Geschwind & Levitsky, 1968;
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Witelson & Pallie, 1973; Wada, Clarke, & Hamm, 1975). Morphologic
asymmetries of the temporal planes cannot currently be judged during life.
LeMay (1976, 1977) has utilized computerized brain tomography to demon-
strate radiologically morphologic asymmetries of the parietooccipital region
near the posterior language zone. She found that the left parietooccipital
region is generally wider than the right with approximately 9% of dextrals
and 27% of sinistrals showing a reversal of this asymmetry.

The full significance of these morphologic asymmetries is unknown.
It has been suggested that morphologic asymmetries favoring the left
posterior region of the brain may underlie left hemisphere dominance for
language (Galaburda, LeMay, Kemper, & Geschwind, 1978). Since aberrant
language acquisition is one of the cardinal features of infantile autism
(Rutter, 1972; Churchill, 1972), we have used computerized brain tomog-
raphy to study morphologic asymmetries of the cerebral hemispheres near
the posterior language zone in 16 autistic patients.

METHODS

Autistic Patients

The 16 autistic patients in this study met three major diagnostic cri-
teria: social aloofness, delayed language acquisition, and onset of abnor-
malities before 2 years of age. Additional autistic features present in many
of the patients included gaze aversion, resistance to change, bizarre and
ritualistic behaviors, preoccupation with objects, and atypical responses to
sensory input (Table I). The mean age of the autistic patients was 14 = 7
years. All but three were male. Nine of the autistic patients were right-
handed, two were left-handed, and five were of indeterminate handedness.
They were further characterized by the following features: delayed motor
milestones (6/16), seizures (5/16), abnormal electroencephalogram (7/16),
preserved nonverbal intelligence (3/16), a history of perinatal complications
(10/16), and self-injury (4/16). Patients 14 and 15 are siblings, patient 9 has
an autistic brother, patients 3, 8, and 16 have family histories of develop-
mental dyslexia, and patients 1 and 10 have family histories of mental
retardation.

Mentally Retarded Control Group

Forty-four mentally retarded patients served as one control group. All
of these patients had undergone computerized brain tomography to eval-
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uate moderate to severe mental retardation. None of these patients met the
diagnostic criteria for autism as described above.

Neurological Patient Control Group

A second control group was made up of 100 consecutive neurological
patients without space-occupying lesions who underwent computerized
brain tomography for a variety of indications.

Assessment of Cerebral Asymmetry

Cerebral asymmetry was judged by examination of the computerized
brain tomograms of the 16 autistic patients, the 44 mentally retarded
patients, and the 100 neurological patients. Horizontal sections of the brain
were examined on self-developing pictures (Polaroid), which showed the
brain reduced in size by a factor of 3.3 times. Using either the falx or the
interhemispheric fissures as a midline structure, the widths of the posterior
parietooccipital regions were measured at a point approximately 5 mm
anterior to the inner table of the vault (Figure 1). Brains were classified as
wider in the left parietooccipital region if the left measurement exceeded the
right by 1 mm or more, wider in the right parietooccipital region if the right
measurement exceeded the left by 1 mm or more, and equal in the parieto-
occipital regions if the two measurements were within 1 mm of each other.

Statistical Methods

The y? test was used to ascertain the level of statistical significance.

RESULTS AND DISCUSSION

None of the computerized brain tomograms of the 16 autistic patients
revealed evidence of focal or diffuse brain injury.

As shown in Table II, a majority of the mentally retarded patients
(59%) and the miscellaneous neurological patients (57%) had a left parieto-
occipital region wider than the right. In contrast, only a minority of the
autistic patients exhibited this usual pattern of cerebral asymmetry. Nine of
the 16 autistic patients (57%) had a reversed pattern of cerebral asymmetry
(right parietooccipital region wider than left), whereas only 23% of the
mentally retarded patients and 25% of the neurological patients had a re-
versed pattern of cerebral asymmetry (difference significant, p<.05).
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Fig. 1. Computerized brain tomogram of autistic patient No. 4. The
brain is shown in horizontal section with the frontal horns of lateral
ventricles anteriorly and the occipital horns posteriorly. The white
arrows indicate the interhemispheric fissure in the posterior parieto-
occipital region. The tomogram illustrates the reversed cerebral asym-
metry pattern (right parietooccipital region wider than left) found in 9
of the 16 autistic patients. A reciprocal structural asymmetry exists in
the frontal region so that the left frontal region is wider than the right
(see Results section).

Since infantile autism is rare (occurring in .01 to .05% of children)
and reversed cerebral asymmetry of the parietooccipital region is common
(occurring in 10 to 25% of miscellaneous neurological patients), a reversal
of cerebral asymmetry cannot be considered directly causative of infantile
autism. On the other hand, the observation that a reversal of the usual
morphologic asymmetry of the parietooccipital region occurs with greater
frequency in autistic patients than in either mentally retarded or miscella-
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Table II. Patterns of Cerebral Asymmetry of the
Parietooccipital Region

L>R L=R R>L

Autistic group 5 2 9
(N =16)

Mentally retarded 26 8 10
group (N = 44)

Neurological patients - 57 18 25
(V= 100)

neous neurological patients suggests this reversal may be a risk factor in -
autism. In this respect, reversed cerebral asymmetry may be similar to male
sex (Treffert, 1970), a family history of delayed speech (Bartak, Rutter, &
Cox, 1975), perinatal complications (Knoblock & Pasamanick, 1975), an
abnormal electroencephalogram (Small, Milstein, DeMyer, & Moore,
1977), and cerebral damage (Hauser, Del.ong, & Rosman, 1975; Aarkrog,
1967), all of which serve as risk factors for autism.

A reversal of the usual left—right morphologic asymmetry of the
parietooccipital region may be particularly relevant to the delayed language
acquisition (Rutter, 1972; Churchill, 1972) and verbal disability (Bartak et
al., 1975) that regularly accompany infantile autism. If the left hemisphere
is indeed anatomically specialized to acquire language (Galaburda, LeMay,
Kemper, & Geschwind, 1978; Galaburda, Sanides, & Geschwind, 1978),
then a reversal of the usual left-right asymmetry of the brain near the
posterior language zone might leave the left hemisphere anatomically ill-
suited to subserve language functions. A mismatching between functional
asymmetries of brain (the left hemisphere remaining dominant for
language) and morphologic asymmetries (the right parietooccipital region
larger than the left) might produce circumstances particularly unfavorable
for language acquisition. We have previously noted that a reversal of the
usual left—right morphologic asymmetry of the parietooccipital region is
more common in children with developmental dyslexia (Hier, LeMay,
Rosenberger, & Perlo, 1978), supporting the suggestion that unfavorable
asymmetries may in fact be associated with a greater risk of experiencing
difficulties in language acquisition. Further, the dyslexic children with a re-
versed pattern of cerebral asymmetry of the parietooccipital region were
noted to have lower verbal 1Qs and were more likely to experience delayed
speech acquisition than the dyslexic children with the more usual pattern of
cerebral asymmetry.

Reversal of the usual left—right asymmetry of the parietooccipital
region appears to be more prevalent among autistic and dyslexic children
than among the general population of neurologic patients. Both autism and



Unfavorable Left—Right Asymmetries 159

dyslexia are characterized by abnormal language development as well as
verbal disability (Bartak et al., 1975; Warrington, 1967). A reversal of the
usual left—right asymmetry of the parietooccipital may put some children at
added risk to experience left hemisphere dysfunction for the acquisition of
language. :
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