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Lissencephaly is a rare congenital malformation of the brain that has characteristic 
radiographic and clinical findings. Fifteen cases of lissencephaly were studied with CT 
and/or MR, and a classification was developed based on these cases and the description 
of this abnormality found in the literature. These findings can be divided into two groups, 
primary and secondary. The primary findings consist of (1) a cerebral surface that is 
agyric or agyric with pachygyric areas, (2) a cerebral contour that is oval or "hourglass" 
due to lack of or incomplete opercularization of the brain, and (3) an abnormal gray
white-maHer distribution in the cerebral hemispheres. The primary findings are neces
sary to make the diagnosis, which can be made with either CT or MR; however, MR 
provided beHer delineation than CT of the cerebral surface and contour as well as beHer 
gray- white-maHer differentiation in the lissencephalic brains. 

We believe MR is the technique of choice for evaluating patients with lissencephaly 
because it is safer and more versatile than CT and provides beHer delineation of the 
brains of children. 

Lissencephaly is a rare congenital malformation of the brain that is seen in 
children. It is one of the entities of the migrational disorders, which are abnormalities 
of sulcation and neuroblast migration that occur in the developing brain during the 
stage of migration [1] . With high-resolution CT and MR imaging the radiologic 
spectrum of lissencephaly can be demonstrated. Our objective was to define and 
delineate the specific CT and MR findings in lissencephaly to correctly diagnose 
this abnormality. 

Materials and Methods 

Over a 1-year period at the Children's Memorial Hospital of Chicago, we evaluated 15 
children with lissencephaly (Table 1). All of these ch ildren had CT studies of the brain on the 
GE 9800 CT scanner using a high-resolution technique and 3- or 5-mm slice thicknesses with 
contiguous table movements. Nonenhanced axial CT scans were obtained in all our patients; 
half of them also had a contrast-enhanced CT study with Omnipaque 300 (iohexol) given IV 
3 ml/kg (maximum, 100 ml). 

Seven of our patients also had MR scans of the brain . The scans were obtained with a 
Philips and/or Elscint MR scanner operating at 0.5 T with 5- or 8-mm slice thicknesses . Spin
echo pulse sequences, 500-750/30 (TRfTE), were performed. T2-weighted MR images were 
not obtained because we were only evaluating anatomic structures in these brains. The 
images were obtained in the axial , coronal, and sagittal planes in all of the patients. 

Sedation was necessary in all cases for CT and MR. Chloral hydrate 50-100 mg/kg was 
given, with a maximum of 2 g. The patients were monitored with a pulse oximeter or cardiac/ 
respiratory monitor during the CT study and with manual monitoring by a nurse in the magnet 
room during MR imaging. 

The diagnosis of lissencephaly was made on the basis of the CT and/or MR studies in 
conjunction with the classic findings as described in the pathologic and radiologic literature 
and confirmed from autopsy findings in 30% of our cases [2-8]. 
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TABLE 1: Profile of Patients with Lissencephaly 

Lissencephaly No. of Age at Presenting Radiographic Karyotype 
Additional 

Type: Subtype Cases Diagnosis 
Gender 

Signs Findings Information 

I: Miller-Dieker 1 mo M Miller-Dieker facial CT positive for Deletion of part of Died at 6 months old 
features; opis- lissencephaly the 17th chro- from combination 
thotonic postur- mosome of cardiac/respira-
ing; omphalo- tory and neuro-
cele; microce- logic problems; 
phaly autopsy confirmed 

CT findings 
II: Walker-Warburg 3 2 mo M Macrocephaly CT positive for Normal in all (1) 2-month-old pa-

5 mo M with hydro- lissencephaly tient died from 
1 mo F cephalus & de- in all cases; combination of 

layed develop- hydrocepha- heart, renal, res pi-
ment Ius in all ; ratory, & neuro-

Dandy-Walker logic problems; 
cyst with ab- autopsy confirmed 
sence of cor- MR & CT findings 
pus callosum (2) 5-month-old pa-
in one and tient died from 
Dandy-Walker failure to thrive & 
variant in one; neurologic compli-
MR of patient cations 
with Dandy- (3) 1-month-old pa-
Walker var- tient alive at 4 
iant confirmed months 
CT findings Hydrocepahlus was 

shunted in all pa-
tients 

III: Isolated lissencephaly 11 10: 6-20 mo; 5M Hypotonia, failure CT positive for Normal in all Three patients lost 
one: 6 yr 6F to thrive, de- lissencephaly to follow-up; other 

layed develop- in all patients; five patients alive 
ment, hyper- MR in six pa- & being followed , 
tonia, seizures, tients also & symptoms are 
microcephaly, positive for being treated 
mental retard a- lissencephaly; medically; three 
tion one patient patients died from 

had absence failure to thrive 
of corpus cal- and respiratory 
losum; poste- and neurologic 
rior fossa nor- complications 
mal in all 
cases 

Results 

The CT and MR findings in lissencephaly can be catego
rized into two types, primary and secondary (Table 2). Be
cause lissencephaly is an abnormality of the cortex of the 
brain and primary sulci , the major findings are related to the 
cerebral surface, contour, and gray- white-matter distribution . 

aspect of the lateral ventricles) appearance (Fig. 2); or, rarely, 
hydrocephalus may be present. The corpus callosum usually 
is hypoplastic, but it may also be partially or, rarely, completely 
absent (Fig. 3). The posterior fossa may be normal or severely 
atrophic, or Dandy-Walker abnormalities may be present 
(Fig. 3). 

The cerebral surface consists of a completely smooth brain 
that is agyric or has areas of agyria with pachygyria (Figs. 1-
3) . . the cerebral contour is oval or "hourglass" in configuration 
with shallow sylvian grooves (Figs. 1 and 2). The cortical/ 
white-matter interdigitations are absent with increased gray 
matter of the cortex and sparse distribution of white matter 
throughout the brain (Figs. 1 and 2). 

Secondary findings are seen in some cases of lissenceph
aly. The lateral ventricles usually are mildly dilated and may 
have a colpocephalic (localized dilatation of the posterior 

Discussion 

Of all the migrational disorders, lissencephaly carries the 
worse prognosis. Lissencephaly in strict terminology mean~ 

agyria-complete absence of gyri of the brain. In fact, it is c: 
spectrum of brain disease ranging from completely agyric 
brains to brains with a combination of agyric and pachygyric 
areas. Pachygyria means too few gyri, and the gyri that arE 
present are broad-based , flat, thickened, and' coarse [2, 3 
5, 8]. 
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Lissencephaly is caused by a derangement, which may be 
genetic or chromosomal, that occurs during the later phase 
of the stage of migration in the developing brain of the fetus. 
The normal brain consists of a six-layer cortex with primary 
and secondary sulci and gyri . Children with lissencephaly have 
an abnormal four-layered cortex with total or near-total ab
sence of both sulci and gyri (Fig . 4) [2 , 3, 9-11] . 

For simplification, lissencephaly can be divided into three 
types. Patients with type I lissencephaly have one of several 
syndromes (Miller-Dieker, Norman-Roberts, or Neu-Laxova) 
with characteristic dysmorphic facial features and micro
cephaly. The patients are first diagnosed by the pediatrician 

TABLE 2: Radiographic Classification of the Manifestations of 
Lissencephaly 

Primary findings: 
Cerebral surface: 

Agyria or agyria and pachygyria 
Cerebral contours: 

Oval or hourglass 
Shallow sylvian grooves 

Gray- white-matter distribution: 
Thickened cortex 
Loss of gray- white-matter interdigitation 
Abnormal gray- white-matter distribution with increased gray 

matter and decreased white matter 
Secondary findings: 

Ventricle: 
Size: 

Mild to severe dilatation 
Hydrocephalus 

Colpocephaly 
Corpus callosum: 

Hypoplastic 
Partially or completely absent 
Normal 

Posterior fossa: 
Varying degrees of atrophy of brainstem and cerebellum (mild to 

severe) 
Dandy-Walker anomalies 
Normal 

A B 

or neurologist on the basis of their facial features. The prog
nosis is poor and most infants die at birth or within a year 
after birth. The symptomatology of these patients begins at 
birth and consists of hypotonia, which may progress to hy
pertonia and intractable seizures. The patients die from as
sociated cardiac and/or respiratory problems or from a failure 
to thrive. Norman-Roberts and Neu-Laxova are autosomal
recessive disorders. Miller-Dieker, which is the most common 
of this group, results from deletion of part of the 17th chro
mosome (Fig . 5) [12-14]. 

The patients with type II lissencephaly (Walker-Warburg or 
cerebroocular muscular syndrome) have macrocephaly be
cause of the associated hydrocephalus. They do not have 
any characteristic facial features but they have associated 
eye findings (retinal dysplasia) and congenital muscular dys
trophy (patients with cerebroocular muscular syndrome). 
They may have posterior fossa abnormalities such as a 
Dandy-Walker cyst or posterior cephalocele. Their life ex
pectancy is shorter than that of patients with type I because 
of the complexity of brain abnormalities. Death in these pa
tients is from a failure to thrive due to the severe hypotonia, 
inability to suck or move, and intractable seizures [15-18] . 

Patients with type III lissencephaly (isolated lissencephaly 
and cerebrocerebellar lissencephaly) have hypotonia and mi
crocephaly without any characteristic dysmorphic facial fea
tures. They develop hypertonia, seizures, and mental retar
dation. They apparently have autosomal-recessive disorders. 
Patients with the cerebrocerebellar subtype die almost im
mediately after birth, probably due to severe atrophy of the 
posterior fossa, which nullifies any brainstem reflexes. In 
contrast, patients with isolated lissencephaly have a normal 
posterior fossa and have the longest survival (to 6 years old) 
of all the lissencephalic patients [6]. 

The underlying problem in all these types is the lissence
phalic brain , and the diagnosis can be made antemortem by 
CT and/or MR if the three primary findings of abnormal 
cerebral surface, contour, and gray- white-matter distribution 
are demonstrated. The brain should be totally smooth-

Fig. 1.-Axial enhanced CT scan (A) and coro
nal MR image, 500/30 (B). Completely agyric brain 
with oval configuration, shallow sylvian grooves, 
increased cortical gray matter and relatively small 
amount of white matter, and absence of normal 
cortical white-matter interdigitations. 
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Fig. 2.-Axial CT scan (A) and MR image, 500/ 
30 (8). Almost completely agyric brain with pachy
gyric areas involving frontal lobes, hourglass con
figuration with abnormal sylvian areas, increased 
cortical gray mailer and decreased white mailer 
(arrows), lack of cortical white mailer interdigita
tions, and colpocephaly. 

Fig. 3.-Sagillal (A) and coronal (8) MR images, 500/30, show almost completely agyric brain Fig. 4.-Autopsy specimen of brain section of 
with absence of corpus callosum and Dandy-Walker cyst. lissencephalic patient. Agyric brain with hourglass 

configuration, colpocephalic ventricles, increased 
cortical gray mailer with loss of cortical white· 
mailer interdigitations, and decreased white mat· 
ter (heterotopia seen along walls of lateral ventri· 
cles). 

agyric, or agyric with pachygyric areas-to classify a patient 
as lissencephalic. If a brain consists of areas of pachygyria 
without areas of agyria, it is classified under a different 
syndrome of pachygyria [19). 

The oval or hourglass configuration of the lissencephalic 
brain is due to lack of or incomplete opercularization of the 
brain with absent sylvian fissures or shallow sylvian grooves 
bilaterally. The gray- white-matter distribution is abnormal. 
There is loss of the normal cortical white-matter interdigita
tions with increased cortical gray matter and decreased white 
matter within the cerebral hemispheres. 

The abnormality in the distribution and amount of gray and 
white matter in the cerebral hemispheres is an actual histo
logic increase in the number of gray-matter cells . The derange
ment is in the mechanism of the brain that controls the number 
of proliferating neuroblasts and the time at which they migrate 

in groups of successive waves to form the normal six-layered 
cortex. In the lissencephalic brain, too many neuroblasts are 
produced and they migrate independently instead of in groups 
of successive waves. A four-layered cortical cerebrum is 
produced in which there is hypoplasia of the white matter due 
to hyperplasia of the gray-matter cells occupying the areas 
that normally would be occupied by white matter [5] . The 
secondary radiographic findings in lissencephaly do not make 
the diagnosis, but they commonly occur in association with 
the major findings . 

In very young infants, the gray- white-matter interface may 
not be optimally evaluated with either CT or MR. This is due 
to the relatively sparse amount of white matter within the 
lissencephalic brain and the changing water content of thE 
white matter in the maturing infant brain [20, 21]. In thE. 
majority of our cases the gray and white matter were deline 
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Fig. 5.-Classic dysmorphic facies of Miller-Dieker patient: microce
phaly with bitemporal grooving, verticle midline wrinkling of forehead, 
anteverted nares, ear anomalies with low-set ears, and micrognathia. 

ated, and MR was superior to CT. MR allowed for evaluation 
of our patients in all three projections without having to 
reposition the patient as in CT. The additional scan planes 
provided better evaluation of the cerebrum, midline structures 
(corpus callosal anomalies), and posterior fossa (Dandy
Walker cyst, atrophy). 

We believe that MR is the technique of choice for evaluating 
patients with lissencephaly because it is not associated with 
ionizing radiation (as is CT), and it provides ease of acquisition 
of various projections and better delineation than CT of the 
brain in children. It is important to emphasize that the char
acteristic findings of lissencephaly can be seen on both CT 
and MR studies. Because some types of lissencephaly have 
a genetic or chromosomal basis, correct and timely diagnosis 

is important to allow for accurate parental counseling with 
regard to both prognosis and risk for recurrence. 
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