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Abstract: Computed tomography and magnetic resonance imaging enable the identification of neuronal migration dis
orders during life. Several specific syndromes have been identified and early diagnosis of previously unrecognized 
entities is now possible. We report 51 patients with imaging. Thirty-two had a single widespread cortical dysplastic 
lesion. Twenty-eight had focal corticectomies. From a pathological standpoint, these encompassed focal cortical dys
plasia (14 cases) and forme fruste of tuberous sclerosis (10 cases). These two groups of patients were indistinguishable 
from the clinical and radiological standpoint. In only two was the MRI examination normal. In addition, there were 10 
with bilateral perisylvian dysplasia, four with diffuse cortical dysplasia or the "double cortex" syndrome, three with 
hemimegalencephaly, one with megalencephaly, and one with nodular neuronal heterotopia. The electroclinical and 
imaging findings led to the development of specific surgical strategies for the alleviation of the intractable seizures in 
each of these radiologically-defined syndromes. 

RESUME: Anomalies de la migration neuronale: contribution de I'imagerie moderne au diagnostic etiologique 
de I'epilepsie. Le scanner X et la resonance magnetique (RM), permettent d'identifier, pendant la vie, certaines 
anomalies de la migration neuronale. Plusieurs syndromes specifiques ont ete identifies et leur diagnostic pr£coce est 
maintenant possible. Notre etude porte sur un groupe de 51 malades, ayant ete etudies par RM et/ou scanner X. Trente-
deux avaient des 16sions dysplasiques corticales isolees; vingt-huit ont subi des cortectomies focales. Les examens 
anatomo-pathologiques ont r6v6\6 une dysplasie corticale focale dans 14 cas et une forme fruste de sclerose tubeYeuse 
dans 10 cas. Ces deux groupes de malades ne pouvaient pas etre differencies a partir des seules donn£es cliniques et 
radiologiques. Seulement deux d'entre eux avient une RM normale. En plus, 10 malades avec une dysplasie perisylvi-
enne bilateYale, 4 avec une dysplasie corticale diffuse (ou syndrome du "double cortex"), 3 avec une h6mi-m6ga-
lenc6phalie, 1 avec m£galenc6phalie, et 1 avec des heterotopics neuronales nodulaires ont €t6 etudi6s. Ces trouvailles 
cliniques, 61ectroencephalographiques et radiologiques ont rendu possible la mise au point d'approches chirurgicales 
specifiques, visant un meilleur controle des crises rebelles associees a chacun de ces syndromes. 
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One of the most important factors since early attempts to 
classify the epilepsies has been the presence of a recognizable 
cause for a given epileptic disorder.1'2 The distinction between 
idiopathic and symptomatic epilepsies has evolved throughout 
the years in a dynamic fashion, as more sophisticated neurodiag-
nostic tools have become available. 

Modern neuroimaging techniques, particularly magnetic res
onance imaging (MRI), have made it possible to recognize dur
ing life abnormalities in the process of neuronal migration, that 
are usually accompanied by epilepsy.3-9 

Neuronal migration disorders (NMD) result from derange
ments in the process through which neuroblasts proliferating in 
the peri-ventricular germinal matrix reach their final, pre-pro
grammed position in the cerebral cortex. This process of neu

ronal migration extends from the 8th to the 24th gestational 
week, with successive generations of neurons migrating towards 
progressively more superficial layers in the neocortex, and is 
responsible for the final cytoarchitectonic organization of the 
cortical mantle in layers and columns.10"13 

Depending on the timing, location, and extent of the interfer
ence with the normal migration processes, different types of 
NMDs of varying configuration and severity will ensue. These 
have first been described according to the pathological findings, 
since only post-mortem diagnosis was then possible.14-21 

The advent of modern neuroimaging techniques not only per
mitted early diagnosis of these entities during life; it has also set 
the stage for the delineation of an anatomically or radiologically 
defined classification of the NMDs. The correlation between 
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these different forms of NMD with clinical and EEG data has, in 
turn, allowed identification of specific syndromes, with epilepsy 
as a major manifestation.3-422"25 

We present a review of the different types of NMD, as deline
ated by neuroimaging techniques based on the study of 51 
patients evaluated for intractable epilepsy at the Montreal 
Neurological Hospital from 1975 to the present. For each type 
of NMD, we outline the relationship between radiological and 
pathological findings, as well as the electro-clinical correlations 
of the associated epileptic disorder. Different surgical approaches 
for treatment of the intractable seizures are then presented. 

PATIENTS AND METHODS 

Forty-nine of the 51 patients presented with epilepsy. Their 
ages at evaluation, seizure onset, and the duration of the epilep
tic disorder ranged respectively from 1 to 35 (mean, 18.1), 1 to 
28 (mean, 5.3), and 1 to 30 years (mean, 12.1). The two non-
epileptic patients were siblings, seen at ages 26 and 30 respec
tively. 

In all patients sixteen channel extracranial EEGs using the 
10-20 system were recorded directly or by cable telemetry. 
Flexible, silver-wire sphenoidal electrodes suitable for long-
term use were inserted. Prolonged recordings during wakeful
ness and sleep, and, more recently, intensive EEG video-moni
toring with automatic spike and seizure detection programs were 
employed.26 The extent of epileptic EEG abnormalities was 
judged according to the areas containing interictal spiking in at 
least two EEG recordings. 

Neuropsychological studies including intracarotid sodium 
amobarbital testing were carried out according to established 
protocols.27'28 All patients had CT scans (12 with an EMI 1010, 
and 39 with a GE 9800 machine) and 32 had MRI (5 with a 0.5 
Tesla Philips Gyroscan, and 27 with a 1.5 Tesla Philips 
Gyroscan). Tl weighted images were obtained using TR 450 
and TE 30. Proton density and T2 weighted images in the 
patients studied with the 0.5 T scanner were obtained using TR 

1500 and TE 30 and 60, respectively. In the patients studied 
with the 1.5 T scanner, proton density and T2 weighted images 
were obtained using TR 2100 and TE 30 and 60, respectively. 

Thirty-seven patients were treated surgically: 33 had exci
sions of epileptogenic tissue and 4 had anterior callosotomies. 

The anatomical extent of the structural lesions was judged 
according to both the neuroimaging findings and the appearance 
of the brain at operation. Autopsy studies were available in one 
patient. 

Macroscopic and microscopic examinations of surgical speci
mens were performed in all operated patients for diagnosis and 
sub-typing of NMDs. Diagnosis could not be made in 8 patients 
since the most abnormal tissue was not available for pathologi
cal examination: 5 had resections of epileptogenic tissue and 3 
had anterior callosotomies. In these, the diagnosis of NMD was 
based on imaging studies and the macroscopic appearance of the 
lesion at surgery. In one of the patients who had a callosotomy, a 
right frontal biopsy was also performed. 

RESULTS 

Five distinct entities were identified, based on the anatomical 
or imaging distribution of the NMDs: (1) focal cortical dysplas-
tic lesions (n = 32); (2) bilateral perisylvian dysplasia (n = 10); 
(3) diffuse cortical dysplasia ("double cortex" syndrome) (n = 
4); (4) hemimegalencephaly/megalencephaly (n = 4); and (5) 
nodular grey matter heterotopia (n = 3; 2 of these patients also 
had focal cortical dysplastic lesions). A comparison between the 
radiological and the pathological classifications of NMDs is 
shown in Table 1. 

Focal Cortical Dysplastic Lesions 

This group consisted of 32 patients with partial epilepsy. 
Antiepileptic medication controlled the seizures satisfactorily 
(though never completely) in only four. The other 28 were 
therefore treated surgically. The diagnosis was confirmed by 
pathological study or intraoperative cortical visualization. 

Table 1: Radiological and pathological features of NMDs associated with intractable epilepsy 

Radiological Classification (MRI) Histopathological Classification 

1. Focal Cortical Dysplastic Lesions 
— macrogyric or polymicrogyric appearance 

2. Bilateral Perisylvian Dysplasia 
— polymicrogyric appearance 

3. Diffuse Cortical Dysplasia 
— lissencephalic or diffusely pachygric appearance 
— "double cortex" appearance 

4. Hemimegalencephaly/Megalencephaly 
— macrogyric, polymicrogyric 

and heterotopic appearance 

5. Nodular and Laminar Heterotopias 

— heterotopic appearance 

Focal Cortical Dysplasia 
Forme Fruste of Tuberous Sclerosis 
Pachygyria 
Polymicrogyria 

Polymicrogyria 

Subcortical Grey Matter 

Band (Laminar) Heterotopia 

Pachygyria 
Polymicrogyria 
Subcortical Nodular Grey Matter 

Heterotopia 

Subcortical Nodular or Laminar 
Heterotopia 
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Fifteen patients had MRI. In 8, an area of focal macrogyria, 
characterized by increased cortical thickness, shallow sulci and 
abnormal grey/white matter transition was seen (Figure 1). In an 
additional patient MRI showed an area of focal polymicrogyria, 
characterized by almost normal cortical thickness and 
grey/white matter differentiation with multiple small gyri sepa
rated by almost imperceptible shallow sulci (Figures 2A, B). 
Therefore, in 9 of the 15 or 60% of patients with focal cortical 
dysplastic lesions the MRI detected the cortical abnormality. 

In the remaining 6 patients, the MRI did not show the area of 
cortical abnormality, although 4 had macrogyria on direct corti
cal visualization. Three of them had a region of increased signal 
in subcortical white matter, detected by proton density and T2 
weighted images, and the fourth had a mass of subcortical nodu
lar neuronal heterotopia with the same signal intensity as the 
cortical mantle. 

The MRI was completely normal in 2 patients, even after the 
injection of Gadolinium in one. This patient, a 13-year-old girl, 
had elementary visual seizures with rapid secondary generaliza
tion, and a left parieto-occipital epileptogenic area. A focal area 
of decreased cerebral blood flow in the same region was detect
ed by HMPAO-SPECT scan in the interictal state. 

The other patient with initially normal examination and nor
mal MRI had intractable partial motor status epilepticus involv
ing the left face, hand, arm, and occasionally the leg lasting 
uninterruptedly for 5 months. EEGs showed practically continu
ous epileptic activity from the right central region. Two exci
sions of tissue surrounding the central area did not alter the 
seizures, and the tissue sampled was histologically normal. A 
third corticectomy with resection of the central region stopped 

Figure l-Proton density MRI image (TR 2100, TE 30) in the axial view 
of a 35-year-old man with mild congenital right hemiparesis and 
partial sensorimotor seizures involving the right leg. Note focal 
area of increased cortical thickness and poor sulcation in the left 
parietal region representing macrogyria (arrow), associated with 
hyperintense signal in the subcortical white matter. 

the seizures. The resected central strip showed the changes of 
focal cortical dysplasia. 

All patients had CT scans. The older generation EMI 1010 
scanner did not show definite cortical abnormality in any of the 
12 patients studied. In 10 of the 19 (53%) studied with the GE 
9800 scanner a focal area of increased cortical or grey matter 
thickness was seen. These included 5 of the 8 patients with 
macrogyria on MRI, the one patient with polymicrogyria on 
MRI and 4 patients who were not studied with MRI. 

CT did not show the subcortical increased signal nor the 
details of the polymicrogyric cortex (Figure 2C), (though an 
area of cortical abnormality was apparent). The subcortical grey 
matter heterotopia were also not visualized. 

Histopathological examination was available for 24 patients: 
14 were diagnosed as having focal cortical dysplasia (FCD)29 

and 10 had the forme fruste of tuberous sclerosis (FFTS).30 In 
all cases the isocortex displayed high density of haphazardly 
distributed, large neurons, the size of Betz cells and glial cells, 
associated with variable disorganization of horizontal cortical 
lamination. The four-layered cortex characteristic of pachygyria 
was never seen. Thus it appears that a focal increase in cortical 
thickness on imaging studies (macrogyria) can be due to three 
different forms of NMD: FCD, FFTS, and true pachygyria, the 
latter recognized by Barkovitch et al.4 and by Byrd et al.5 but 
not found in this group of patients. 

There were no major differences in the clinical or electro-
graphic, nor in the radiological presentation of FCD and FFTS. 

Age at seizure onset ranged from 1 to 21 years (mean 6.8). In 
this group, 67% had complex partial and 73% partial motor 
attacks. Three-quarters of the patients had secondarily general
ized seizures, and 27% had tonic or atonic drop attacks. Ten 
patients had a history of status epilepticus, 5 of them partial 
motor. Only 34% had an epileptic zone restricted to one lobe or 
area of the brain. These were central in 3, frontal in 3, and tem
poral in 5. Three additional patients had bitemporal and 2 
bifrontal epileptic discharges. The remaining 50% had 
widespread unilateral epileptic areas. 

In only 6 of the 28 operated patients was an apparently com
plete excision of the structural abnormality possible. In 22 
cases, portions of the visible lesion encroaching upon important 
cortical regions could be excised. 

Bilateral Perisylvian Dysplasia 

A syndrome consisting of bilateral perisylvian cortical dys
plasia, pseudobulbar palsy, secondary generalized epilepsy, and 
mental retardation has recently been recognized.25 This entity 
has also been referred to by the eponym developmental Foix-
Marie-Chavany syndrome.31 

Eight of our 10 patients presented with epilepsy manifested 
by a combination of generalized convulsive and complex partial 
seizures, drop attacks, and less often, partial sensory attacks. In 
one patient we documented an unusual seizure pattern with 
bilateral peri-oral clonic movements.32'33 

EEG epileptiform abnormalities consisted of generalized 
slow spike-and-wave or poly-spike and wave complexes, associ
ated with multifocal discharges. 

The patients present with a pseudobulbar palsy, manifested 
by severe dysarthria and inability to protrude or move the 
tongue laterally. In addition, a mild, usually bilateral but often 
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asymmetrical pyramidal syndrome and variable degrees of men
tal retardation may be present. 

CT scans show thick bands of grey matter in the sylvian and 
rolandic areas of both hemispheres (Figure 3A). These were 
originally interpreted as representing macrogyria; however, MRI 
and clinico-pathological studies have shown that the cortical 
abnormality consists of polymicrogyria31-34 (Figure 3B). 

Focal resective surgery is not feasible in these patients. 
When drop attacks constitute a significant disability, calloso-
tomy is indicated,35 and was performed in two of our patients 
with good results. 

Two patients did not have epilepsy. These were siblings from 
a family in which a maternal uncle had had a similar phenotype 
and died in status epilepticus. Why these two patients, unlike all 

the others, did not have seizures is not clear. The possibility that 
genetic factors may be involved in the genesis of this phenotype 
is an attractive hypothesis. A detailed report of this family is 
presented elsewhere.36 

Diffuse Cortical Dysplasia ("Double-Cortex" Syndrome) 

Four patients had a continuous layer of subcortical band het
erotopia which was separated from the overlying cortical mantle 
by a thin layer of apparently normal white matter visualized on 
MRI22.35.38 (Figure 4). CT scans showed only diffusely 
increased cortical thickness and did not permit reliable diagnosis 
of this entity. 

In the one patient who had a brain biopsy at the time of calloso-
tomy, the subcortical band heterotopia was clearly demonstrated. 

Figure 2 — Seventeen-year-old girl with partial motor seizures affecting the left 
hemibody. MRI Tl weighted image (77? 450, TE 30) in axial view (2A) shows an 
area of apparently increased cortical thickness and multiple, very small gyri 
packed together (polymicrogyria) in the right parietal lobe (arrow). In parasag-
gital view (2B) it can be appreciated that the area of polymicrogyria is adjacent 
to the posterior border of the sylvian fissure (arrow). 2C is a contrast-enhanced 
CT scan. The cortex appears thicker (arrow), but the polymicrogyria is not 
demonstrated. 
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Figure 3 — Twenty-six-year-old woman with congenital pseudobulbar palsy, severe dysarthria and drop attacks. 3A is a contrast-enhanced CT scan 
showing only symmetrical, thick cortex in both perisylvian regions (arrows). 3B is a Tl weighted MRI image (TR 450, TE 30) in the axial view 
demonstrating poor opercularization and the small gyri (polymicrogyria) bilaterally in the insular regions (arrows). 

This architectonic abnormality was first described as a "dou
ble cortex" by Jakob in 1936.16 The overlying cortical mantle is 
either normal or only mildly thickened. 

The clinical seizure patterns and the severity of the epilepsy 
vary widely. In our series, one patient presented with a typical 
Lennox-Gastaut syndrome; the other three had drop attacks, and 
partial seizures secondarily generalized. EEGs disclosed either 
generalized slow spike-and-wave, or multifocal epileptic dis
charges. There is also great variability in the degree of mental 
retardation. Our patient with the Lennox-Gastaut syndrome was 
severely retarded. Two others had FSIQ's between 40 and 80, 
and the remaining one had an IQ greater than 80. 

Focal resections of epileptogenic tissue are not feasible in 
this syndrome. When drop attacks are present and lead to dis
ability, anterior callosotomy is indicated. It was performed in 
two of our patients and led to improvement, particularly of the 
drop attacks. 

In this syndrome we were able to document the major contri
bution of advanced neuroimaging. Three of the four patients 
were previously examined with an older MRI scanner, and 
found to have only diffusely increased cortical thickness. Two 
of them were the subject of a previous report and were 
described to have generalized cortical dysplasia.9 Later re
examination of these patients using a new 1.5T scanner clearly 
showed the double cortex configuration.38 

The radiological picture of continuous subcortical hetero
topia associated with either a normal gyral pattern or only slight 
increase in cortical thickness with shallow sulci suggests that 
the derangement of neuronal migration, albeit diffuse, allows 
many neurons to reach the cortical surface. 15,39,40 This syn
drome, though more benign, appears to be related to the 
lissencephalies according to Pinard et al., who have shown these 
malformations to coexist in two families.41 

Figure 4 — T2 weighted MRI image (TR 2100, TE 60) in the axial view 
of a 13-year-old girl with generalized convulsive seizures, drop 
attacks and mental retardation. Note the continuous linear band of 
subcortical heterotopia giving the "double cortex" appearance 
(arrows). 

Hemimegalencephaly/Megalencephaly 

In hemimegalencephaly the hemisphere and the ipsilateral 
ventricle are enlarged.42 A variety of associated architectonic 
abnormalities of the brain, demonstrated by MRI, and confirmed 
on histopathological analysis includes pachygyria, polymicro
gyria and neuronal heterotopias (Figure 5). 
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Seizures were present in our 3 patients with this type of 
NMD, and were characterized by lateralized motor manifesta
tions with secondary generalization and drop attacks. EEGs 
demonstrated large, unilateral epileptogenic areas, with occa
sional secondary bilateral synchrony. 

The degree of motor disability found in patients with 
hemimegalencephaly is variable. Many have a marked hemi-
paresis with no finger movements, but this was not the case in 
any of our patients. All had only mild to moderate hemiparesis, 
and largely preserved finger movements; the seizures were the 
most disabling symptom. 

When the motor disability is severe or obviously progressing 
to maximal hemiparesis, modified hemispherectomy may be 
considered.43 This was not the case in our 3 patients whose 
motor disability was only mild. Excision of the most active 
epileptogenic areas within the affected hemisphere produced 
substantial improvement in seizure control, but not complete 
cessation of the attacks. 

Megalencephaly is a generalized malformation which may 
present with structural focal abnormalities, resulting in partial 
seizures. The one patient in our series had a head circumference 
of 25". The pre- and post-central gyri on one side were enlarged 
to double their size (Figure 6A) and showed continuous epilep
togenic discharges in the EEG. These led to frequent partial 
motor seizures and drop attacks. Since the paresis was mild, the 
central area could not be excised. Recent MRI scans showed a 
similar appearance not associated with epileptogenic discharges 
contralaterally (Figure 6B). 

Nodular Grey Matter Heterotopias 

Failure of groups of neurons to initiate or complete their 
migration process results in nodular neuronal heterotopia 

Figure 5 — Five-year-old boy with mild left hemiparesis and partial 
motor and secondarily generalized seizures. Tl weighted MRI 
image (TR 450, TE 30) in the coronal view shows that the right 
hemisphere is bigger than the left, with associated increased corti
cal thickness and subcortical laminar heterotopias (arrow). There 
is also ventricular asymmetry. 

between the peri-ventricular surface and the cortical mantle.4'7 

In periventricular nodular heterotopia the clumps of abnormally 
located neurons are seen on CT and MRI indenting the walls of 
the lateral ventricles (Figure 7). Nodular heterotopia due to 
arrest of neuronal migration anywhere between the ventricles 
and the cortex manifest as irregular grey matter aggregates in 
the subcortical white matter with the same signal intensity as the 
overlying cortical mantle on MRI (Figure 8). 

Our one patient with periventricular nodular heterotopia had 
a clinical pattern suggesting temporal lobe epilepsy. Her mother 
also had epilepsy treated elsewhere by temporal lobectomy but 
no details were available. 

Two patients with lateralized subcortical nodular heterotopia 
also had macrogyria in the overlying cortex. Both presented 
with partial motor seizures, secondarily generalized. Surgical 
resection of the cortical abnormality and the epileptogenic area 
led to improvement in the seizure frequency and severity. 

Figure 6 — Thirty-six year-old man with mild left hemiparesis, partial 
motor seizures and drop attacks. 6A and 6B are Tl weighted MRI 
images (TR 450, TE 30) in the sagittal view of the right and left 
hemispheres, respectively. Note gross macrogyria in the right cen
tral region (arrow). This patient has had a corticectomy both ante
rior and posterior to the area of maximal abnormality. A much 
milder abnormality in sulcation is seen contralaterally (6B, 
arrow). 
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Figure 7 — T2 weighted MRI image (TR 2100, TE 60) in the coronal 
plane of a 36-year-old woman with complex partial seizures. Note 
the indentations in the lumen of the ventricles due to clumps of het
erotopic neurons (arrows). 

Cortical dysplasia, the forme fruste of tuberous sclerosis, 
bilateral perisylvian dysplasia with polymicrogyria, diffuse cor
tical dysplasia or the double cortex syndrome, hemimegalen-
cephaly, nodular or laminar heterotopia, and schizencephaly can 
now be diagnosed by MRI. Recognition of the specific migra
tion disorders allows correlation with the various epileptic syn
dromes associated with them and is particularly helpful in the 
planning of surgical therapy.4445 However, in our last two 
patients cortical dysplasia could not even retrospectively be 
demonstrated by MRI, indicating that this diagnosis cannot 
unfailingly be made by current imaging studies. 

In evaluation of patients, concordance of clinical EEG, neuro
psychological, and functional imaging in addition to radiologi
cal and magnetic resonance studies is still required for optimal 
assessment of epileptic patients refractory to medical treatment. 
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Figure 8 — 77 weighted MRI image (TR 450, TE 30) in the axial plane 
of a 9-year-old girl with frequent episodes of partial motor status 
epilepticus involving the right hand, arm and face, and secondarily 
generalized seizures. Note the massive nodular subcortical hetero
topia in the left parietal lohe (arrow). 

CONCLUSION 

CT and especially MRI have greatly expanded the role of 
imaging in the understanding of patients with intractable epilep
sy. Gliotic changes can be recognized and the high resolution of 
MRI has permitted the study of normal and pathological anato
my of small but important structures such as the hippocampus. 
The changes of Amnion's horn sclerosis can now be seen during 
life. Small "foreign tissue" lesions are now always or almost 
always identified preoperatively, an important aid in planning 
surgical treatment. 
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