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The Place of Neuronal Migration
Abnormalities in Child Neurology

Jean Aicardi

Abstract: With the development of modern imaging techniques, disturbances of neuronal migration
appear to be a major cause of epilepsy, mental retardation and chronic neurological disability in child-
hood. Sixty-nine cases are presented, including 46 of diffuse migration abnormalities and 23 of local-
ized dysplasia. Patients with diffuse migration disorders presented with mental retardation, gross
motor impairment and severe seizure disorders whereas in those with focal anomalies, epilepsy was
the chief complaint. Magnetic resonance imaging, although usually diagnostic of migration disorders
often does not allow definition of the pathologic type. Some EEG patterns, such as high amplitude fast
rhythms or the theta-delta pattern are highly suggestive. Most cases of abnormal migration are spo-
radic and probably acquired. Some are due to chromosomal anomalies, especially of chromosome 17p
where a gene for lissencephaly has been mapped. Familial cases occur with both recessive and possi-
bly dominant inheritance. Epilepsy due to migration abnormalities is often intractable. Resection of
dysplastic cortex may be effective for localized disease and callosotomy has been proposed for diffuse
anomalies.

Résumé: La place des anomalies de migration neuronale en neurologie pédiatrique. Suite au développement
des techniques modernes d’imagerie, les perturbations de la migration neuronale semblent étre une cause majeure
d’épilepsie, de retard mental et d’invalidité dans I’enfance. Nous présentons 69 cas, dont 46 cas d’anomalies dif-
fuses de migration et 23 cas de dysplasie localisée. Les patients porteurs de troubles diffus de migration étaient
atteints de retard mental, de troubles moteurs marqués et d’épilepsie sévere, alors que chez ceux qui avaient des
anomalies focales, I’épilepsie était le probleéme principal. Bien que I’imagerie par résonance magnétique fournisse
habituellement le diagnostic des troubles de migration, souvent elle ne permet pas d’en définir le type anato-
mopathologique. Certains motifs EEG tels les rythmes rapides de haute amplitude ou les ondes théta-delta sont
hatement suggestifs. La plupart des cas de migration anormale sont sporadiques et probablement acquis. Certains
sont dus a des anomalies chromosomiques, spécialement des anomalies du chromosome 17p ol un géne respons-
able de la lissencéphalie a été localisé. Dans les cas familiaux, I’hérédité peut étre récessive ou possiblement dom-
inante. L’épilepsie due a des anomalies de migration est souvent résistante au traitement. La résection du cortex
dysplasique peut étre efficace quand la maladie est localisée et ’ablation du corps calleux a été proposée lorsque
les anomalies sont diffuses.
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With the development of modern techniques of brain imag-
ing, especially magnetic resonance imaging (MRI), neuronal
migration abnormalities, once a pathological curiosity, have
come to occupy a first rank place among neurological disorders
of childhood.

The neurons that constitute the cortex of the human brain are
produced in the ventricular zone by multiplication of precursors
that generate daughter cells which leave the cell cycle to
become forever postmitotic. These neuroblasts migrate towards
the pial surface in successive waves between 12 and 20 weeks
conceptional age.'-* Early migrating neurons are located in the
deep layers of the cortical plate whereas late-migrating cells are
superficial, the so-called inside-out pattern. However, most of
the cells of layer I migrate first, forming a loosely organized
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preplate in the subpial zone. Cells for layers 2-6 form the cortical
plate proper that splits the preplate into an outside marginal
layer and a deep subplate. Fifty to 90% of subplate neurons die
in the postnatal period. They probably play an important role in
pioneering connections between the cortex and subcortical
structures.> Migrating cells are directed by glial guides whose
processes extend from the ependyma to the pial surface.
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Interactions between migrating neurons and glial guides are
complex. They utilize specific adhesion molecules and various,
largely unknown, chemical signals that specify their ultimate
location and direct their connections. Any interference with this
complex process, whether due to an insult to the guides or to
neurochemical abnormalities of possible genetic origin can pro-
duce neuronal migration defects* of variable types and severity.’

The main pathological types of migration abnormalities are
shown in Table 1. A full description of those abnormalities is
available in several recent reviews.!

A major difficulty in the study of neuronal migration abnor-
malities is the use of pathological terms, such as pachygyria or
polymicrogyria to designate imaging findings. Although there
may be a good correspondence between certain types of imag-
ing data and pathology, such as typical agyria-like images and
type 1 lissencephaly, correlations between imaging and neu-
ropathology are far from perfect and have not been established
in many published cases. In fact, a thick cortex with apparent
paucity of sulci and an abnormal gray-white interface on MRI
can be due to agyria, pachygyria or polymicrogyria.'! In the lat-
ter case, the imaging appearance resuits from crowding and
compression of the multiple small convolutions obliterating the
sulci, sometimes with fusion of the molecular layers of adjoin-
ing gyri. It is better, therefore, to use the terms agyria-like or
pachygyria-like rather than pathological terms when referring to
imaging.!! In some cases, the undulating appearance of the cor-
tical surface or of the gray-white interface is suggestive of focal
or diffuse polymicrogyria and progress in imaging techniques

Table 1. Main pathological types of migration abnormalities.

Major Abnormalities

1. Type I lissencephaly-agyria: smooth brain, 4-layer cortex with thick
layer of arrested heterotopic neurons, resembling a fetal brain at 13
weeks of gestation.

2. Type 11 lissencephaly (Walker-Warburg syndrome): totally disorga-
nized cortex divided by gliomesenchymal trabeculae into glomeruli
with disoriented cells.

3. Pachygyria: few, thick gyri; similar to lissencephaly with less
numerous heterotopic neurons.

4. Polymicrogyria: multiple small gyri with ‘cauliflower’ appearance;
4-layer cortex without heterotopic neurons but paucicellular layer
in continuity with normal layers 4-5. Other types include unlayered
microgyria.

5. Localized cortical dysplasia*: absent lamination, anarchic distribu-
tion of neurons and glial cells. In one type presence of ‘balloon
cells’ similar to those in tuberous sclerosis.

Minor Abnormalities**

6. Glioneuronal heterotopias; verrucous cortex, excess cell migration
into the molecular layer and meninges. ]

7. Microdysgenesis: excess number of neurons in molecular layer,
irregular thickness of neuronal layers, heterotopic neurons in the
outer white matter. ‘

* The term dysplasia is used both in a general sense to designate all
developmental cortical abnormalities or in the restricted sense of
focalized defect of cortical organization.

** May exist in isolation or be associated with major anomalies.
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are making such cases more common (Figure 1). Currently,
however, the imaging diagnosis of polymicrogyria remains dif-
ficult or impossible in many cases. Moreover, several different
pathological abnormalities commonly coexist in the same
brain.* For these reasons, the term cortical dysplasia is often
used in the imaging literature to designate any type of develop-
mental cortical abnormality without reference to pathology.
Unfortunately this term is also applied to a particular type of
focal cortical developmental anomaly with poor lamination,
abnormal location and orientation of neurons and often the
presence of abnormal cells reminiscent of the “balloon” cells of
tuberous sclerosis but without any gross migration abnormality
such as microgyria. In this paper, the term applies to any type of
developmental cortical anomaly detectable by MRI.

The classification of neuronal migration abnormalities in this
article is entirely based on the results of imaging studies.
Pathological anomalies that do not result in abnormal imaging
findings, such as microdysgenesis'? are not considered, even
though they are commonly encountered in isolation or in asso-
ciation with other cortical malformations and they are more
commonly found in the brains of patients with epilepsy than in
those of controls.'?

Several patterns of neuronal migration abnormalities have
been defined on the basis of MRI.

Diffuse migration defects involving both hemispheres
include: 1) agyria-like pattern in which no sulci or only very
few sulci are visible; 2) pachygyria-like pattern in which a few
shallow sulci limit definable broad, flat gyri both in the anterior
and posterior regions of the brain; 3) subcortical laminar hetero-
topias when a ribbon of gray matter is present underneath a
more or less normal cortex, separated from the depth of the cor-
tical plate by a thin layer of white matter.

Localized migration abnormalities can be either multiple or
single. They are characterized by focal thickening of the corti-
cal plate with an abnormal gyral pattern and an abnormally rec-
tilinear or a blurred border between gray and white matter.
Symmetrical areas of migration anomalies can involve the oper-
cular and central regions of both hemispheres.

The focus of this article is on the clinical diagnosis of devel-
opmental cortical abnormalities, based on a series of 69 personally
observed patients and on review of the pertinent literature.
Subcortical migration anomalies such as periventricular hetero-
topias'*!® are not considered except when they are associated
with cortical dysplasia (Figure 2). We do not discuss cases of
cortical dysplasias due to metabolic diseases such as Zellweger
syndrome and other peroxisomal disorders,'¢ glutaric aciduria
type 2,!” nonketotic hyperglycinemia, Menkes disease or pyru-
vate dehydrogenase deficiency,? nor those of hemimegalen-
cephaly'® or of migration disorders that are only a part of
complex syndromes such as Aicardi syndrome!® or Fukuyama
type congenital muscular dystrophy.?® Dysplastic cortical
lesions that occupy space and are capable of growth, such as
dysembryoplastic neuroepithelial tumors, are also excluded.

PERSONAL SERIES OF PATIENTS WITH MIGRATION DISORDERS

Sixty-nine patients with cortical migration anomalies were
observed at the Hopital des Enfants Malades, Paris, between
1980 and 1991.
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Patients with agyria-like pattern

This pattern was recognized in 21 patients in whom imaging
(computed tomography or magnetic resonance) showed, in
addition to a smooth cortical surface, a thick cortical plate and
absence of operculation with a widely open and verticalized
sylvian fissure giving the classical appearance of a figure 8. The
absence of sulci was total in some cases corresponding to grade
1 lissencephaly as defined by Dobyns et al.?! and DeRijk van
Andel et al.22 When a few sulci were present, they were usually

Figure 1: Probable polymicrogyria. T1-weighted MR; a) axial cut; b)
coronal cut. The cortex is thickened and the gray-white interface is
abnormally straight in both frontal areas as a result of the lack of
white matter digitations. In the posterior regions the cortex appears
abnormally undulating, suggesting the presence of polymicrogyria
rather than pachygyria.
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seen in the frontal lobes (Figure 3). Such cases correspond to
grade 2 and 3 lissencephaly in Dobyns classification.?! All
affected infants were markedly abnormal from birth and most
had major sucking and swallowing difficulties. All had bilateral
pyramidal tract signs and many were severely hypotonic.
Seventeen infants had early seizures, 14 in the form of infantile
spasms. Other types of seizures, notably focal ones, were asso-
ciated with the spasms in most cases. All children were severely
retarded but some could pass simple milestones such as rolling
over or even sitting. Microcephaly was present or developed
secondarily in 12 infants and was severe in four. No major dys-
morphism was present although four infants had a somewhat
similar appearance with thin nose and lips and bitemporal hol-
lowing. Only one child had the characteristic feature of the
Miller-Dieker syndrome?>** and the diagnosis was confirmed
by the finding of a 17p deletion.?

The EEG showed high amplitude (2 200pV), fast (> 8-10
Hz) rhythms in 16 cases and high amplitude rhythmic theta and
delta activity in 10 children. The latter pattern was interrupted
by episodes of non ictal, low amplitude fast rhythms in 4
patients. High amplitude sharp waves were often intermingled
and could produce occasional slow spike-wave complexes. Both
types of activity were often present in the same patient and even
in the same record. They could appear as early as 3 months of
age. The fast rhythms tended to disappear early and were rarely
seen after 2-3 years of age. Three patients had neither fast nor
theta-delta patterns. Their tracings showed only slow back-
ground rhythms with occasional spikes or sharp waves.

Patients with pachygyria-like pattern

A pachygyric appearance of the cortex was found in 15 chil-
dren. It was characterized by the presence of broad gyri in both
the anterior and posterior regions of the brain and by the pres-
ence of a thick cortical ribbon with few interdigitations between
gray and white matter. The sylvian fissure was abnormally open
although less than in lissencephaly cases. In several cases, the
surface of the broad gyri appeared undulating, suggesting the
probability of polymicrogyria (Figure 4) and this was also seen
at the gray-white junction in two patients. This appearance
could be diffuse or localized. All children had severe to moderate

Table 2. Main types of neuronal migration abnormalities* in 69
patients.

Diffuse Dysplasias 46
-Agyria-like 21
-Pachygyria-like 15
-Type 2 lissencephaly** 7
-subcortical laminar heterotopias 3
Localized Dysplasias 23
-Bilateral perisylvian and
central involvement 3
-Unilateral focal dysplasias 20
Total 69

* Classified according to imaging appearance.
** Diagnosis based on clincal findings (see text).
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retardation but some could acquire ambulation and even some
elements of language (isolated words or 2-word sentences).
Twelve patients had seizures of various types. Atonic and tonic
seizures, focal attacks, and generalized myoclonic seizures were
most common but 4 patients had infantile spasms and several
had focal seizures. Eight patients had microcephaly, severe in
two. No characteristic dysmorphism was present. Variable EEG
abnormalities were encountered: five infants had high-ampli-
tude fast rhythms similar to those in agyric patients; 3 had a
theta-delta pattern; 3 more had low amplitude fast rhythms and
7 had only nonspecific EEG abnormalities. Several patterns
could be observed in the same patient.

Patients with type 2 lissencephaly (Walker-Warburg
syndrome)

Seven patients had the characteristic features of the Walker-
Warburg syndrome that include: 1) major congenital neurologi-
cal dysfunction, in 5 cases with congenital hydrocephalus; 2)
eye abnormalities with retinal dysplasia and variable abnormali-
ties of the anterior chamber such as Peter’s anomaly, corneal
opacities, synechiae; 3) a smooth cortex with a complete
absence of lamination and the penetration of gliomesenchymal
bundles into the cortex, isolating glomerular or tubular groups
of abnormally oriented neurons; 4) agenesis of the cerebellar
vermis and severe developmental abnormalities of the hemi-
spheric cortex. Two patients were siblings (brother and sister)
born to unrelated healthy parents). Four patients died within the
first year of life and only one reached the age of 4 years.
Imaging showed prominent hydrocephalus and absence of the
cerebellar vermis. The cortex appeared devoid of sulci but inter-
pretation of this finding could be difficult because of extreme
distention of the lateral ventricle. No specific EEG abnormality
was seen in these patients.

Figure 2: Complex migration disorder. T2-weighted MR.
Periventricular heterotopias with associated gyration abnormalities in
both parietal regions where the number of sulci is decreased and the
cortex appears thickened. There is also dysplasia of the corpus callo-
sum with a high-riding 3d ventricle and rectilinear, abnormally
spaced lateral ventricles and multiple subcortical nodular hetero-
topias (large arrows). Linear streaks of gray matter appearance are
visible underneath the cortical plate (small arrows) probably repre-
senting clusters of neurons arrested in their migration corridors.
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Patients with subcortical laminar heterotopias

This anomaly, also known as band heterotopia? or the “dou-
ble cortex” anomaly?6-?’ was found in 3 children. The abnormal
subcortical layer was of variable thickness and was universally
distributed. The overlying cortex had a normal appearance in all
3 cases. The clinical picture was quite variable. One patient pre-
sented at the age of 18 months with metal retardation and a typ-
ical picture of the Lennox-Gastaut syndrome. Two other girls?$
had epilepsy with brief atonic-myoclonic seizures starting
respectively at 6 and 13 years of age and mild mental retarda-
tion or even only learning difficulties in one. Neurological
examination was normal in all three children. The EEG showed
typical slow spike-wave discharges in the first patient and non-
specific findings in the others. One girl had bizarre repetitive
slow complexes on some of her tracings.

Localized dysplasias

These were bilateral and roughly symmetrical, involving the
insular, opercular and perisylvian areas in 3 girls and were uni-
lateral and apparently isolated in 23 patients.

Figure 3: Lissencephaly/pachygyria (grade 2 lissencephaly); a) T2-
weighted sequence, axial cut; b) Tl-weighted sequence sagittal cut.
The posterior half of the brain is completely devoid of sulci, consistent
with lissencephaly; the anterior half is pachygyric. Note the absence of
white-gray interdigitations throughout. The sylvian fissure is not verti-
calized.
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Figure 4: Diffuse pachygyria-like dysplasia; T1-weighted MR, coronal
cut. Most of the cortex is thick and smooth. Several sulci are visible in
the suprasylvian region bilaterally and there is a faintly visible band of
gray matter appearance beneath the left cerebral cortex (possible band
heterotopia).

The 3 patients with bilateral perisylvian and central
involvement presented the features of the bilateral perisylvian
syndrome as described by Kuzniecky et al.?*3° Imaging showed
thickened cortex around the sylvian fissure, extending upward
almost to the vertex in one and for some distance forward and
backward in all three. Oropharyngeal dyspraxia, drooling and
major phonatory difficulties were prominent. The facial appear-
ance was remarkable with a lack of voluntary mimic but preser-
vation of affectively induced movements. The three patients
were severely retarded and had partial and secondary general-
ized seizures. Their EEGs showed only some slowing over the
central areas of the scalp and focal spiking.

A majority of the 20 patients with unilateral focal dysplasia
were referred because of refractory seizures. MRI showed areas
of thickened cortex (Figure 5), often with an indistinct separa-
tion from the underlying white matter. In some cases, the area
of abnormal cortex was extensive, involving the larger part of
an hemisphere while in others it was hard to recognize. In 4
patients, there was deep infolding of the cortical plate into the
white matter, almost reaching the ventricle, from which it
remained separated by a thin layer of myelinated substance,
which distinguishes such cases from those of schizencephaly.
Recognition of small dysplastic areas was facilitated by the
presence of abnormally intense signal on T2-weighted
sequences and, in two cases, by the presence of a subcortical
calcification on CT. The diagnosis of cortical dysplasia was
confirmed pathologically in 6 cases. Pathological findings
included disorganization of the cortical plate, heterotopic neurons
and in two cases the presence of abnormal “balloon” cells. The
epileptic attacks of these patients were partial complex seizures
in all cases, but 2 patients also had simple partial (motor)
seizures and one had partial continuous epilepsy. The origin of
the seizures was thought to be in the temporal lobe in 9 cases, in
the frontal lobe in 4 cases, and in the parieto-occipital region in
3 patients, on the basis of clinical features, interictal EEG data,
and operative findings in 6 children. Eight patients had focal
neurological signs in the form of hemiplegia or hemiparesis but
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Figure 5: Focal cortical dysplasia; a) Tl-weighted MR, axial cut; b)
CT scan axial cut at same level. An area of thick, abnormal cortex is
visible in the anterior left frontal lobe (arrowheads). On CT, there is a
calcification in the underlying white matter. On T2-weighted MR an
abnormally intense signal was seen in the same area (not shown). The
presence of such white matter abnormalities suggests that the dyspla-
sia was secondary to an inflammatory or vascular process with gliosis
and necrosis, probably acquired at a late stage of intrauterine life (26
weeks or more).

these were very mild in 4 of them. Twelve children were either
mentally retarded or had severe learning difficulties while 8
patients had no cognitive problems. The EEGs of all 16 patients
with epilepsy showed paroxysmal changes in the form of spikes
usually appearing on an abnormally slow background rhythm.
Both the slow waves and the spikes were localized to a restricted
scalp area in 10 patients. In 6 other children, the paroxysmal
activity was more diffuse with bilateral synchronous or asyn-
chronous spiking over both hemispheres. Low amplitude fast
rhythms were recorded over the abnormal cortex in four children.
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The high proportion of patients with isolated epilepsy in this
series may reflect the preferential referral of such cases to a spe-
cialized epilepsy center.

THE DIAGNOSIS OF NEURONAL MIGRATION DISORDERS

Neuronal migration disorders present with a spectrum of
clinical manifestations of low specificity with, at one end,
infants with severe neurological anomalies and massive devel-
opmental delay and, at the other end, children or adolescents
with isolated partial epilepsy. Epilepsy, motor problems and
mental retardation can exist in isolation or be variously combined.
Epilepsies associated with migration defects are usually severe
and resistant to therapy*631-33 and tonic seizures, drop attacks,
infantile spasms and the Lennox-Gastaut syndrome3®333% are
especially apt to be observed. However, not all epilepsies asso-
ciated with cortical malformations need be refractory to treat-
ment and all types of seizures may be observed.3!3? Even
typical rolandic seizures have been reported in this situation.?

Although epilepsy is the most common manifestation of
neuronal migration disorders, it is by no means constant, even
in the most diffuse and severe forms. In Dobyns series of 65
patients with agyria-pachygyria, 76% only had seizures. In the
mildest forms, some patients may remain asymptomatic up to
adulthood and it is indeed probable that some cases of migra-
tion abnormalities remain asymptomatic throughout life.

Similarly, the motor and mental manifestations of migration
defects are quite variable from mild learning difficulties to pro-
found idiocy and from mild hemiparesis to atonic diplegia.2*%
The only feature common to these manifestations is their static
character so the possibility of cortical anomalies has to be con-
sidered in cases of cerebral palsy.

The frequency of neuronal migration abnormalities as a
cause of the various clinical manifestations is not known.
Cortical malformations have been found in 10 of 29 term
infants with cerebral palsy studied on MRI by Truwit et al.¥’
Wilkand et al.®® observed anomalies of neuronal migration on
CT in 16% of their cases of congenital hemiplegia and Koeda et
al.* found two of seven term infants with spastic diplegia had
brain malformations on MR. Obviously, if there is a relationship
between the extent of cortical abnormalities and the intensity of
clinical manifestations, no clinical feature is characteristic of
one particular type. However, certain clinical presentations are
suggestive. The presence of a congenital pseudobulbar syn-
drome of the type initially reported by Worster-Drought*° in
association with drop attacks and/or tonic seizures or a full-
fledged Lennox-Gastaut syndrome3®3? indicates the likelihood
of bilateral central and opercular dysplasia. Likewise, specific
dysmorphic features and cortical myoclonus suggest the possi-
bility of rolandic macrogyria*! or are indicative of Miller-Dieker
syndrome?2* or of Zellweger syndrome® and cutaneous abnor-
malities, such as linear nevus or the Klippel-Trenaunay syn-
drome, are suggestive of hemimegalencephaly.®? The
association of arthrogryposis with mental retardation is proba-
bly an argument in favor of developmental cortical abnormali-
ties.

Finally, the clinical picture of the Walker-Warburg syndrome
is quite distinctive and the association of congenital hydro-
cephalus, severe neurological dysfunction and eye abnormali-
ties in association with vermal agenesis and a smooth cortex
does not leave much room for other diagnoses.
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The EEG can be of considerable help for the diagnosis of
some of the diffuse migration disorders. In our series and in that
of de Rijk van Andel*? as in those of Gastaut et al.?s and Dulac
et al.,* high amplitude fast activity was the most frequent find-
ing in children with agyria-like or pachygyria-like imaging
abnormalities. Quirk et al.,*> however, found the theta-delta pat-
tern, that they termed high amplitude rhythmic activity pattern,
to be more common, as it was present in 47% of their 30 cases
of agyria-pachygyria as against 30% for the fast pattern.
Moreover, they thought the theta-delta pattern was highly spe-
cific for gyration anomalies whereas the fast pattern was found
in many other types of structural brain abnormalities. They fur-
ther indicated that low amplitude fast activity was more likely
to suggest a structural abnormality than cortical dysplasia but
that the converse was not true. The latter point is in contradis-
tinction to the experience of others who believe that high ampli-
tude fast rhythms are relatively specific in infants.2*36 All
investigators agree that both suggestive EEG patterns may be
absent in 20-30% of the cases of agyria-pachygyria more fre-
quently in pachygyria.

Other less suggestive EEG abnormalities are found with
multifocal or focal dysplasias. Spikes and slow spike-wave
complexes may be limited to the abnormal area involved but
may also occur bilaterally and symmetrically in some patients
with localized lesions.?!"33 Such diffusion, probably due to sec-
ondary bilateral synchrony, may have prognostic significance,
heralding resistance to treatment and an overall unfavorable
course. It may also be a predictor of poor surgical results as it
seems to be associated with large, poorly limited dysplasias.*

The ultimate diagnostic tool is imaging and especially
MRI.2!! However, ultrasonography can demonstrate some dif-
fuse migration defects such as lissencephaly but it does not per-
mit prenatal diagnosis before the 30th week of gestation
because of the late appearance of tertiary sulci.

In most cases, especially with diffuse dysplasias, the diagno-
sis of cortical migration abnormality is easy but the exact type
is more difficult to define. In many patients, there is more than
one type of lesion. For example, in Dobyns’ series of 65
patients with apparent agyria, 12 had areas of possible or proba-
ble polymicrogyria as shown by undulations of the cortical sur-
face and/or the white-gray interface.® Even apparently typical
agyria-like or especially pachygyria-like dysplasias may be
shown by pathological study to be due to polymicrogyria as was
the case in two patients with bilateral central pachygyria-like
abnormalities®** and in a patient with unilateral focal dyspla-
sia.?3 It is also possible that the cases of agyria/pachygyria
attributed to prenatal cytomegalovirus infections on the basis of
imaging features*’*° were in fact cases of polymicrogyria. It is
well established that polymicrogyria is the common type of
migration abnormality found pathologically in cases of CMV
infection.’® Cases of agyria/pachygyria with calcification of the
brain are not rare. Because calcifications are indicative of late
brain insult® it is unlikely that their cause could have interfered
with the early process of migration that is completed by 20
weeks gestational age.!> Agyria is usually thought to represent
migrational arrest before the 13th gestational week.?> On the
contrary, polymicrogyria at least the classical 4-layer form®# is
probably the result of a late post-migrational event producing
laminar destruction of the 4th and 5th cortical layers,5!%2* and
its association with calcifications would be easily understandable.
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Similarly, the presence of imaging abnormalities in the white
matter in the form of areas of high T2 signal underlying local-
ized areas of cortical dysplasia would be more consistent with a
late post-migrational process such as polymicrogyria than with
an early event such as agyria. This is because such imaging
abnormalities are probably the expression of glial scars and
these do not form before the second half of gestational life

The type and extent of cortical abnormalities found by imag-
ing have obvious prognostic implications. There is a rough
inverse correlation between the number of sulci and the degree
of disability in patients with agyria®’-?2 and most patients with
pachygyria fare better than those with an agyric cortex.

In focal dysplasias, Guerrini et al.* separated two types of
localized migration abnormality on the basis of different imag-
ing data. In the first type, the dysplastic areas were of large size
and poorly limited. In the second, there was deep infolding of
the cortex in a restricted area cortex. The first type, in their
experience, was associated with generalized seizures, bilateral
EEG abnormalities and a poor outlook. In the second, the
seizures and EEG anomalies were focal and the prognosis was
better. However, in our experience, there was no clear difference
in electroclinical features and outlook between the two types of
lesion. Barkovich indicated that infolding cortex may be sug-
gestive of polymicrogyrias! whereas in the one patient studied
pathologically by Guerrini et al.33 a classic cortical dysplasia
with abnormal cells and disorganized cortex was found rather
than polymicrogyric cortex. There is thus, no correlation
between imaging and pathology in the localized migration
defects.

In some cases of localized dysplasia, the diagnosis may be
difficult and requires technically impeccable MR scans with
sequences adequate to demonstrate optimally the cortical plate.
In such cases, thin slices, various angles of cut and reformatting
to permit precise assessment of suspicious areas may be neces-
sary. Even with the best current techniques, however, a propor-
tion of the cases of dysplasia do not show up on MR scans. New
methods, such as study of fractal numbers of the gray-white
interface may help to diagnose such cases.>?

ETIOLOGICAL FACTORS

A large majority of the cases of neuronal migration disorders
occur sporadically and have no detectable cause.

Possible etiological factors include intrauterine infections,
intrauterine circulatory disturbances, especially perfusion fail-
ure, and genetic factors including chromosomal anomalies and
single gene mutations.

Intrauterine infections, in particular cytomegalovirus infection,
are a significant cause of polymicrogyria. Associated abnormal-
ities such as retinal lesions and especially periventicular calcifi-
cations are commonly present. At least 7 cases of apparent
agyria-pachygyria probably due to CMYV infection are on
record*’*? but in none of these was the diagnosis confirmed by
pathological examination. There are in addition several cases in
which the presence of calcifications and/or other anomalies is
suggestive of viral infection without laboratory confirmation.
Whether some cases could be due to other viruses remains
unknown.® Gyration abnormalities in cases of viral infection
may result from direct effect of the virus on sensitive cells or
from perfusion failure accompanying the acute phase of
intrauterine infection.>
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Perfusion failure due to maternal bleeding, hypotension,
toxemia or shock is also a possible cause of microgyria or other
migration disorder. Norman®* described bilateral encephaloclas-
tic lesions with polymicrogyria in a fetus aborted at 26 weeks
following an episode of anoxia at 13 weeks. Barth® thought
that early insults could produce unlayered microgyria while
later insult, after the 20th week could result in classical 4-layer
microgyria. Agyria or pachygyria could conceivably also be due
to early maternal adverse events.® Polymicrogyria is commonly
associated with schizencephaly whose cause is thought to be a
destructive, possibly vascular insult.?®

Four-layer polymicrogyria has been produced experimentally
by cold-induced ischemic insult of the cortex before the end of
neuronal migration.’”*® Evidence for perfusion failure or
intrauterine infection in cases of cortical migration defects is
mainly circumstantial. Dobyns® found that 12% of the mothers
of 65 children with agyria-pachygyria had bleeding early in
pregnancy and another 12% gave a history of a flu-like illness.

Cytogenetic anomalies are present in probably all patients
with Miller-Dieker syndrome$ either as a microscopic or as a
submicroscopic deletion of chromosome 17 (17p13.3 band). A
similar submicroscopic deletion has also been found in cases of
lissencephaly unassociated with the typical dysmorphism of
Miller-Dieker syndrome. Dobyns® found it in 6 of 44 studied
cases. Interestingly 3 of his patients had incomplete
lissencephaly with more sulci than patients with Miller-Dieker
syndrome and 3 had pachygyria. None of those with deletions
had brain calcifications, ventricular asymmetry, atrophy or
images suggestive of polymicrogyric areas. Conversely, no
patient with possible microgyric cortex had chromosomal
abnormalities. Cases of 17p13.3 deletion were all sporadic.
However, familial forms of the Miller-Dieker syndrome bal-
anced translocation in a parent and an unbalanced deletion in
more than one sib have been reported.?

Recently a gene responsible for the Miller-Dieker syndrome
(LIS1) has been isolated. The gene product is a protein that pre-
sents several analogies to the cell-adhesion molecules.®

Familial cases of migration abnormalities are rather unusual
except those of the Walker-Warburg syndrome with type 2
lissencephaly which are transmitted as an autosomal recessive
character.?*° In the present series, 2 probands with diffuse
pachygyria-like abnomalities had 2 similarly affected sibs.
Another proband had an affected apparently identical twin. The
parents of these 6 children were consanguineous (first cousins
in 1 couple, more distantly related in 2). Another male child
with apparently complete agyria was born to a mildly retarded
mother who had subcortical band heterotopia.

In Dobyns series of 65 cases, 5 of 62 siblings in 4 families
were affected.® All familial cases were atypical. Two probands
with 2 sibs had neonatal microcephaly and died rapidly of respi-
ratory insufficiency. One male proband with one affected sister
also had microcephaly and areas of apparently microgyric cor-
tex and a third male proband had 2 affected brothers, all with
pachygyria-like images. Two siblings reported by Harbord et
al.%! also had pachygyria and multiple classifications. There are,
however, a few cases of familial agyria with pathological confir-
mation. Six male patients have been reported®?¢* suggesting the
possibility of X-linked inheritance.

Pinard et al. (personal communication 1993) have studied a
remarkable family in which 2 female children of 2 different
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fathers born to a woman with subcortical band heterotopias had
localized band heterotopias whereas one male child also of a
different father had severe agyria/pachygyria-like changes. Such
cases suggest the possible modifying role of the X-chromosome
on the expressivity of a responsible dominant gene.

Localized migration abnormalities may also be familial. This
is especially the case of the syndrome of bilateral perisylvian
pachygyria-like anomalies that has been observed in siblings by
Kuzniecky?® and Andermann.%

Genetic counselling for cortical migration abnormalities is
currently difficult because of the obvious heterogeneity of the
syndrome. Dobyns found an overall empirical risk of recurrence
of 7% in one large series.’ He put the risk to 25% in the case of
infants with neonatal microcephaly and early death who proba-
bly represented a specific genetic syndrome with autosomal
recessive inheritance. For infants with agyria/pachygyria-like
imaging abnormalities, a high resolution caryotype should be
obtained. If a 17p13.3 deletion is present, the risk for future
pregnancies is probably nil when no translocation is found. If
there is a translocation involving chromosome 17 a karyotype
of the parents is necessary. Parents who are carriers of a translo-
cation clearly have a high risk of recurrence. For families with a
history of epilepsy and, especially, in the case of maternal men-
tal retardation, however mild, a MRI scan of parents is manda-
tory to try to detect gyration anomalies especially subcortical
laminar heterotopias. When these are present a risk of 50% is
likely. Conversely, the risk of recurrence is very small or nonex-
istent in the case of infants with calcifications associated with
neuronal migration disorders as well as in cases of gross hemi-
spheral asymmetry and white matter anomalies. Familial cases
with calcifications, however, have been reported.®' A low risk is
likely in cases of polymicrogyria associated with schizen-
cephaly although rare familial cases are on record.53-¢

For probands with pachygyria-like abnormalities, a higher
risk is possible as cases in siblings occur. It is not currently pos-
sible to separate cases of true pachygyria from those of polymi-
crogyria that may have a higher risk of recurrence.

TREATMENT

The treatment of neuronal migration abnormalities is cur-

rently limited to the therapy of epilepsy and to general support-
ive measures for disabled children.

Epilepsy due to cortical dysplasias is not necessarily
intractable and a trial of medical treatment is always indicated
and can be successful even in the case of severe and extensive
lesions. Some authors* believe that epilepsy itself may be as
important as the extent and severity of the structural abnormali-
ties for the occurrence and degree of mental retardation, as
patients with similar lesions but severe epileptic syndromes
(e.g., Lennox-Gastaut syndrome) do much worse than those
with absent or mild epilepsy. In this view, vigorous treatment of
severe epilepsy with conventional or novel antiepileptic drugs
and/or with steroids or ACTH is warranted. Longitudinal cal-
losotomy has been used with some success in diffuse or multi-
focal migration disorders such as laminar heterotopias?”3? and
the bilateral perisylvian syndrome.?-34

Localized cortical dysplasias are amenable to resective
surgery, provided it does not result in unacceptable deficits. The
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results are usually less favorable than those of resection of small
indolent space-occupying lesions probably because lesions are
quite extensive and their limits poorly defined so that only part
of the abnormal tissue can be removed. Palmini et al.3? found
that the best results were obtained when more than 50% of the
abnormal area could be resected, irrespective of the extent of
the epileptogenic area defined by electroencephalographic
methods. However, only one of their 31 patients became
seizure-free. Patients with focal dysplasias that could not be sat-
isfactorily removed could benefit from palliative callosotomy.

CONCLUSION

Neuronal migration abnormalities play a considerable role as
a cause of cerebral palsy, mental retardation and epilepsy. They
appear to be one of the leading types of structural brain abnor-
malities of prenatal origin which are now thought to be the
commonest etiology of non-progressive neurological disease in
infancy and childhood. Cortical dysplasias are responsible for
many cases of severe epilepsy and such cases may be amenable
to surgical treatment when the location and extent of the lesion
make their removal possible. Considerably more knowledge of
their causes, mode of constitution and pathogenetic role is
desirable and better diagnostic techniques that would permit
recognition of currently undetectable lesions and improve
delimitation of their extent are urgently needed.
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