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Malformations caused by abnormality(ies) 
of cortical development (MCD)* have been 
increasingly attracting the interest and atten- 
tion of clinicians and neuroscientists involved 
with epilepsy. Advances in basic and clinical 
neuroscience have opened exciting roads for 
research on the mechanisms through which 
MCD can modify cortical excitability, leading 
to epilepsy and altered cortical function. 

Knowledge about MCD as an etiology for 
partial and generalized epilepsy has seen 
a lot of progress in the last decade.7,45,57,58 
The greatest advances, however, are related 
to the uncovering of pathogenetic mecha- 
nisms,*‘j, 27, 31, 73* n the engineering of animal 
models,‘8* I93 36 the clarification of clinical- 
electrograph&c correlations,25*29*60 and the de- 
lineation of surgical strategies35* 37* 59, 62 for the 
various types of MCD. On the other hand, 
these advances were not paralleled by the 
development of consensual, practical, and 
clinically sound nomenclature and classifi- 
cation schemes that could allow for further 

*References I,& 45,55,64,69,72,75, and 76. 

progress through improved communication 
at clinical, histopathologic, and basic science 
levels. 

The pathogenesis of the different histopath- 
ologic patterns comprising the group of en- 
tities encompassed under the “umbrella ter- 
minology” of MCD is clearly multifactorial: 
genetic mutations,27* 31*32*40 in utero injuries at 
different stages of brain development,20*56*69 
and even perinatal or postnatal insults.50,n 
The type, timing, and severity of environmen- 
tal insults or the type of genetic mutation 
and the impact of the abnormal gene product 
at different stages of brain development are 
likely to shape the various histopathologic and 
anatomic types of MCD.27*31 

Some of the currently-proposed classifica- 
tions for MCD are heavily based on neuroimag- 
ing descriptions,61 although others are based 
solely on histopathologic362 or embryologic 
timing of the insult that may have led to the 
development of the cortical malformation.52 
The most comprehensive work toward a clas- 
sification so far is that proposed ‘by Barko- 
vitch and colleagues,’ who have included 
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embryologic, histopathologic, imaging, and 
genetic aspects within the same scheme. The 
major merit of this classification is to orga- 
nize the different types of MCD within an 
embryologic-physiopathologic framework, re- 
cognizing that MCD can be caused by selec- 
tive abnormalities in specific stages of cortical 
development: neuroglial proliferation and 
differentiation, neuronal migration, and post- 
migratory cortical organization. The result is 
a comprehensive classification, which may 
not be practical for everyday use, however. 
There are many sections and subsections, 
which clearly show how rich is the field of 
MCD but often leave the clinician and the 
scientist without a clinically sound pragmatic 
scheme in his or her mind. There are many 
more categories of rare entities or entities 
that only rarely present with intractable 
epilepsy (without other more obvious and 
incapacitating neurologic abnormalities) than 
those that comprise the types of MCD dealt 
with in everyday practice. Moreover, this 
classification* did not analyze in detail a 
key issue in current epileptology-the focal 
cortical dysplasia(s) (FCD), which are local- 
ized malformations increasingly associated 
with refractory seizures49,53,60*G and currently 
being dealt with surgically at most epilepsy 
surgery centers. The different aspects of the 
histopathologic findings of this latter group 
of architectural and cellular abnormalities 
have not been fully contemplated in any 
of the previous classification schemes, and 
this has left practicing epileptologists and 
neurosurgeons without a clear picture of 
how to anticipate the prognosis of the med- 
ical and surgical treatment of patients with 
these specific and frequent abnormalities. 
Along these lines, data generated recently 
have suggested that different types of MCD 
are associated with epilepsy syndromes and 
metabolic abnormalities49* 65 of varying and 
specific severity and prognosis,ib, 3% 55.6~ 70 
stressing the need for a more clinically sound 
classification. 

A classification scheme that could be 
of practical and broad application is pro- 
posed here. Its usefulness can only be known 
prospectively as indicated by its acceptance or 

rejection by those dealing with patients with 
MCD in everyday practice and as their major 
focus of research. 

The authors’ proposal is divided into 
three parts: (1) definition of selected key 
and at times controversial terminology for 
the histopathologic description of the MCD; 
(2) description of selected aspects of the FCD, 
which have contributed to confusion in the 
literature and should be clarified so as to 
permit the organization of a clear and simple 
classification; and (3) a classification proper, in 
which each entity is described and correlated 
with its most common histopathologic sce- 
nario and with the status of identification by 
MR imaging at this point. When appropriate, 
insights into pathogenesis, clinical features, 
and prognostic aspects also are included. (The 
sections on definition of terms and selected 
histopathologic aspects of MCD were the 
focus of the discussions among the panel of 
specialists with an expertise in MCD, and 
what follows is a synthesis of the contributions 
of that group.*) 

DEFINITION OF TERMS: TOWARD 
A UNIFORM NOMENCLATURE 

The first issue that raises some debate is the 
preferred terminology for this whole group of 
entities. There is a developmental common de- 
nominator whatever the mechanism of injury 
(genetic, intrauterine, or even perinatal).50*71 
By “developmental,” it is meant that the in- 
jury has an impact at some point in the devel- 
opment of the cortical mantle and thus estab- 
lishes the lesion. Because one or more of the 
mechanisms pertaining to corticogenesis can 
be affected, and because even the malposition- 
ing of nodular or laminar aggregates of neu- 
roblasts and glial cells in heterotopic positions 

*Several of the concepts described here were gen- 
erated through a panel discussion during a workshop 
in Cleveland, Ohio, in June 2000 on the terminology 
and classification of cortical dysplasias. Participants were 
(by alphabetic order): Andre Palmini, Giuliano Avanzini, 
Graheme Jackson, Hans Liiders, Harry Vinters, Imad 
Najm, Nancy Foldvary, Renzo Guerrini, Richard Prayson, 
Roberto Spreafico, and Thomas Babb. 
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actually represents interference with cortical 
formation (indeed, these cells were originally 
bound to the cerebral cortex), the term ma@- 
mations caused by abnormal cortical development 
may be the most appropriate. Accordingly, the 
term cortical dysplasias should be applied only 
to the subtype of MCD in which the devel- 
opmental abnormality is strictly or mostly in- 
tracortical. Focal cortical dysplasia would be a 
good term within this framework only Fur- 
ther subtyping of FCD on the basis of histo- 
logic peculiarities is presented elsewhere in 
this article. Likewise, the term neuronal migra- 
tion disorders, historically applied to all forms 
of MCD in the early 1990~,~,” would suggest 
that all MCD were caused by predominant in- 
terferences with migratory mechanisms. It is 
clear that other pathogenetic mechanisms also 
apply; thus, neuronal migration disorders are, 
again, only a subtype of MCD. 

The terms used in the following sections 
should perhaps be better defined or replaced. 

Microdysgenesis 

This term has been the focus of significant 
confusion. Originally coined by Meencke and 
Janz5’ to describe minimal subtle abnormal- 
ities of intracortical architecture in patients 
with generalized epilepsies undergoing au- 
topsy studies, microdysgenesis has been applied 
in the realm of the MCD in different ways. 
Some authors have used the term in connec- 
tion with subtle derangements of cortical ar- 
chitecture discovered only retrospectively on 
histopathologic examination. Included were 
mild abnormalities such as those mentioned 
by Mischel and colleagues5* as (1) cortical lam- 
inar disorganization, (2) single (or small ag- 
gregates of) heterotopic white matter neurons 
or neurons in the molecular layer, (3) a persis- 
tent subpial granular layer, and (4) marginal 
glioneuronal heterotopia. In contrast, others 
have used the term microdysgenesis to describe 
any type of MCD that was not seen on MR 
imaging, irrespective of the histopathologic 
characteristics.4’ Because many instances of 
MR imaging-negative MCD can be associ- 
ated with severe histopathologic abnormali- 

ties, including dysplastic neurons and balloon 
cells,10*17* 24, 60, Q there is a clear histologic in- 
congruence between the two uses of the term 
microdysgenesis. 

Perhaps this term should be abandoned, 
and a more specific nomenclature should be 
used. Because most of the mild abnormali- 
ties reviewed by Mischel and colleagues5’ in- 
volve cortical layer I, a proposal was made 
to subdivide the mildest forms of MCD into 
those characterized by ectopically placed neu- 
rons in or adjacent to layer I (neurons in the 
molecular layer, persistent subpial granular 
layer, and marginal glioneuronal heterotopia 
[Fig. 11) and those in which the abnormalities 
are outside layer I (single [or small aggre- 
gates of] heterotopic white matter neurons, 
which are at times found at autopsy or on 
histopathologic examination of tissue excised 
at surgery). 34, 39, 41 Intracortical laminar disor- 
ganization (dyslamination) may be best con- 
ceptualized as the mildest form of FCD (see 
below), allowing for the abandonment of the 
term microdysgenesis. 

Dysmorphic (Dysplastic) Neurons 

These clearly are abnormal cells (Fig. 2). 
Their shape, orientation, and cytoskeleton 
are all abnormal. Nissl substance can be seen 
in clumps, and specific immunostaining for 
neurofilaments and some silver staining 
techniques show that there is an abnormal 
abundance of cytoplasmic neurofilaments.73,74 
Importantly, hematoxylin-eosin staining alone 
cannot discjose all the histologic character- 
istics of these abnormal cells. Dysmorphic 
neurons can be increased in size or not, and 
they correspond to the dysplastic neurons de- 
scribed by Taylor et al. 75 Dysmorphic neurons 
are characteristic, of some types of FCD and 
not of others. 

Balloon Cells 

These are grossly abnormal cellular ele- 
ments with a thin membrane, pale and eosino- 
philic cytoplasm, and eccentric nucleus (or 
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Figure 1. Histopathologic section of a marginal glioneural heterotopia (mild malfor- 
mations caused by abnormalities of cortical development [MCD] involving layer I). 
Note the stretching of the pial lining with a heterotopic protusion (hematoxylin- 
eosine, original magnification x 10). 

Figure 2. Enolase staining section showing a large, abnormally oriented dysmor- 
phic (dysplastic) neuron on the left lower half of the image (original magnifica- 
tion x 40). 
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nuclei, as some are multinucleated) (Fig. 3). 
Usually, but not always, balloon cells are 
of increased size (occasionally, they are 
huge). Recommendations for staining include 
hematoxylin-eosin, glial fibrillary acidic pro- 
tein (GFAP), neuron-specific enolase, and 
vimentin immunostaining, with the latter 
being fairly specific for these cells in the face 
of their uncommitted status between glial and 
neuronal lineages. 5, 67, 74 Interestingly, besides 
the common denominator of being vimentin- 
positive, some balloon cells are GFAP-positive 
and others are enolase-positive,5,74 suggesting 
some degree of heterogeneity with partial 
commitment toward glial or neuronal lineage. 

staining does not show a pathologic excess of 
neurofilaments in the cytoplasm. 

Immature Neurons 

These are round (or oval) homogeneous 
cells with a large (immature) nucleus and 
a thin rim of cytoplasm. They are not dys- 
morphic or giant but are sometimes seen in 
association with these more abnormal cells. 
Occasionally, they can be found in macro- 
scopic heterotopic nodules, but they also are 
found in FCD.73* 74 

(Microscopic) Neuronal Heterotopias 
Giant Neurons 

These are neurons increased in size in 
comparison with normal layer V pyramidal 
cells. In addition, they can be found scattered 
in any layer from layer II through layer VI. 
In contrast to truly dysmorphic neurons, 
however, giant neurons display a preserved 
pyramidal morphologic profile, and immuno- 

As discussed previously, the microscopic 
heterotopias could all be included under the 
terminology of MCD within or outside layer I. 
A proposal could be made that a cluster of at 
least 12 misplaced neurons might be enough 
to characterize a microscopic heterotopia. 
The macroscopic heterotopias (periventric- 
ular, subcortical nodular, band heterotopia), 

Figure 3. Histopathologic section of a collection of balloon cells in the cortical- 
subcortical transition. Note the opalescent, highly eosinophilic cytoplasm and the 
lack of laminar or columnar orientation. Some cells are binucleated (hematoxylin- 
eosin, original magnification x 40). 
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on the other hand, are already well-defined 
abnormalities of neuroblast migration. 

SELECTED HISTOPATHOLOGIC 
ASPECTS OF MALFORMATIONS 
CAUSED BY ABNORMALITIES OF 
CORTICAL DEVELOPMENT: THE 
VARIOUS SCENARIOS OF FOCAL 
CORTICAL DYSPLASIAS 

As discussed previously, there are several 
cellular elements that may occur in various 
combinations, leading to specific histopatho- 
logic pictures in cortical malformations. 
There is growing evidence that the exact 
combination of histopathologic abnormal- 
ities may relate to imaging identification 
and to clinical evolution of patients with 
epilepsy 14.16,17,33,47.55,63.7O 

There has been some degree of heterogene- 
ity in the clinical, surgical, and histopatho- 
logic literature, and terms like focal cortical 
dysplasia, mild corlical dysplasia, Taylor type 
focal cortical dysplasia, balloon-cell dysplasia, 
non-balloon-cell dysplasia, and microdysgene- 
sis17,26,4’,45,58,70,n all have been applied to 
describe architectural and cellular abnor- 
malities of the cortical mantle. For instance, 
some authors use the term Taylor type focal 
cortical dysplasia only when balloon cells are 
present, 26,30 although others, including Taylor 
and colleagues in their original report,75 
included some patients whose lesions had 
dysmorphic (dysplastic) neurons but lacked 
balloon cells. Although a definitive under- 
standing of the relevance of each cell type or 
architectural abnormality among the various 
possible combinations relies on further devel- 
opments in the mechanisms of corticogenesis 
and their relation to clinical and imaging 
findings, a tentative practical approach is 
attempted here. 

Architectural Abnormalities 
(Dyslamination) Only 

These are intracortical lesions that, when oc- 
curring unaccompanied by abnormal cellular 
elements, could be conceived as either rep- 

resenting the mildest end of the spectrum of 
FCD or included with the other types of mild 
MCD (“former microdysgenesis”). 

Architectural Abnormalities 
(Dyslamination) Plus Immature or 
Giant (but Not Dysmorphic or 
Dysplastic) Neurons 

At times, dyslamination is associated with 
immature or giant neurons, thus compris- 
ing a more complex histopathologic picture. 
Whether the presence of these cells has any 
clinical meaning and deserves specific differ- 
entiation from those cases harboring only dys- 
lamination is unclear. Because cells with in- 
creased size could theoretically facilitate in 
vivo recognition by imaging, it is tempting to 
retain such subclassification at this point. 

Architectural Abnormalities 
(Dyslamination) Plus Dysmorphic 
Neurons but Without Balloon Cells 

Irrespective of the occasional co-occurrence 
of giant or immature neurons, dysmorphic 
neurons are the hallmark of these lesions, 
that is, neurons with variable size but uni- 
formly characterized by poor intracortical ori- 
entation and an intracytoplasmic accumula- 
tion of neurofilaments as seen through specific 
immunostaining techniques (Fig. 4).73*74 This 
accumulation of neurofilaments leads to a dis- 
torted morphologic profile of the perikarya, 
proximal axon, and dendrites. It is theoret- 
ically conceived that these are more severe 
abnormalities from a histopathologic stand- 
point.52 In the original publication of Taylor 
et al,75 4 of 10 patients had this histopathologic 
picture. 

Architectural Abnormalities 
(Dyslamination) Plus Dysmqrphic 
Neurons Plus Balloon Cells 

These lesions are considered to repre- 
sent the most severe end of the spectrum 
of histopathologic abnormalities of FCD 
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Figure 4. A group of dysmorphic neurons, which is the major histopathologic fea- 
ture of this patient. Balloon cells were not present (Taylor-type [TT], focal cortical 
dysplasias [FCD] type Ila). 

5).52 Once again, irrespective of the pres- original patients reported by Taylor et a175 had 
of fewer abnormal cells, these lesions this histopathologic picture. 

! in common the co-occurrence of dysmor- There are preliminary data supporting 
neurons and balloon cells. Six of the ten the idea that those types of FCD displaying 

Figure 5. Co-occurrence of dysplastic (dysmorphic) neurons and balloon cells within 
the same lesion (TTFCD, type Ilb). In this section note the peri-nuclear distribution of 
Nissl substance in the dysmorphic neurons on the left side of the image and the ab- 
sence of this neuronal marker on the immediately adjacent balloon cells to the right 
(hematoxylin-eosin, original magnification x 40). 



8 PALMINI & LijDERS 

dysmorphic neurons, irrespective of the pres- 
ence of balloon cells, are the ones associated. 
with the higher degrees of epileptogen- 
icity. 41,55 In addition, most reports correlat- 
ing imaging and histopathologic abnormal- 
ities in FCD, broadly speaking, suggest that 
the types of FCD identified by imaging usu- 
ally are those harboring dysmorphic neu- 
rons irrespective of the presence of balloon 
cells. ‘, lo, 17, 43s 47 From a practical standpoint, 
it is relevant to clearly delineate the his- 
topathologic scenarios defined previously, 
because this may allow a much clearer cor- 
relation between imaging, histopathologic 
findings, and clinical issues, particularly prog- 
nosis. The incorporation of these scenarios 
and clarification of the various histopathologic 
pictures usually subsumed under the term 
microdysgenesis is probably the most impor- 
tant proposal for the overall classification 
of MCD. 

CLASSIFICATION ISSUES: 
HISTOPATHOLOGIC FINDINGS, 
IMAGING, AND POTENTIAL 
CLINICAL RELEVANCE 

Taking into consideration the definition of 
terms and the re-evaluation of the histopatho- 
logic scenarios mentioned previously, a clas- 
sification of MCD could be proposed at this 
point. Note that although some imaging and 
histopathologic correlations are suggested, 
there is no attempt to include an embryologic 
perspective in the classification. Advances in 
knowledge of the molecular neurobiology of 
these disorders may significantly change our 
view in terms of pathogenesis, and the exact 
stages in embryologic development during 
which specific MCD are produced are still a 
matter of research. For the time being, how- 
ever, the subdivision suggested by Barkovitch 
and colleagues* into abnormalities of cell pro- 
liferation, migration, and cortical organization 
should be retained as a framework within 
which the entities described here could be 
embryologically conceptualized. 

Mild Malformations Caused 
by Abnormalities of 
Cortical Development 

Type I: with ectopically placed neurons in or 
adjacent to layer I 
-Neurons in the molecular layer 
-Persistent subpial granular layer 
-Marginal glioneuronal heterotopia 

Type II: with abnormalities outside layer I 
-Small aggregates of heterotopic white 

matter neurons 
-Dysgenesis of the hippocampal forma- 

tion 

Structural Imaging 

Both types usually are invisible by current 
MR imaging methodology, except for some in- 
stances of macroscopic malformations of the 
hippocampus or the dentate gyru~.“~~~ 

His topa thologic Findings 

Histopathologic findings and subtyping are 
as described previously. 

Potential Clinical Relevance 

It has been shown that these mild MCD 
may be related to epilepsy and other behav- 
ior and cognitive abnormalities.3, 28, 41, 42, 66 Be- 
cause diagnosis usually is retrospective, clear 
clinical and epileptic profiles of patients har- 
boring these mild malformations are not avail- 
able. As a result, there is some debate on the 
role of these mild changes in the causation of 
epilepsy in general, but specially when the his- 
tologic abnormalities are found in mesial tem- 
poral structures, leading to microscopic het- 
erotopia in the dentate gyrus, hippocampus, 
or parahippocampal gyri.3*,44 There is less dis- 
agreement on the relevance of macroscopic 
malformations in these mesial temporal struc- 
tures for the genesis of temporal lobe epilepsy 
as recently shown by the group at Salpetriere. 
Furthermore, the association of mesial limbic 
malformations with schizophrenia and autism 
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has attracted the attention of nonepileptolo- the most severe end of the spectrum is un- 
gists to the putative clinical consequences of clear, however. Interestingly, surgical patients 
mild MCD.2* 15, 21 in whom these mild MCD were ret-rospec- 

tively found tended to have much better re- 

Focal Cortical Dysplasias 
sults in comparison with the surgical results 
obtained in other types of FCD.i2 

TvDe I 
Type II 

Type I: without dysmorphic neurons or bal- 
loon cells Type II: with dysmorphic neurons accompa- 

nied or not by balloon cells (Taylor type 
FCD) 

-1a: architectural abnormalities only (dy- 
slamination accompanied or not by the 
other abnormalities of mild MCD) 

-Ib: architectural abnormalities plus gi- 
ant or immature but not dysmorphic 
neurons 

Structural Imaging 

It is unclear at the present time whether 
or not type I FCD as defined here can be 
identified in vivo by current MR imaging 
techniques. Should a common nomenclature 
be used by different centers, imaging and 
histopathologic correlations are likely to clar- 
ify this issue. 

His topa thologic Findings 

-1Ia: architectural abnormalities plus 
dysmorphic neurons but without bal- 
loon cells (see Fig. 4) 

-1Ib: architectural abnormalities plus 
dysmorphic neurons plus balloon cells 
(see Fig. 5) 

Structural Imaging 

These are the focal “dysplastic” lesions most 
readily identified by MR imaging. Neverthe- 
less, one should be aware that several different 
imaging possibilities may accompany patients 
with Taylor type FCD. MR imaging can ei- 
ther be normal’7*24,47,60 (despite high-quality 
protocols) or demonstrate one or more of the 
following: (1) focal areas of increased cortical 
thickness7~10~‘7~47; (2) blurring of the cortical- 
subcortical transition,7,‘0*‘7,61; (3) increased 
signal on T2-weighted, proton density, or 
fluid-attenuated inversion recovery (FLAIR) 
sequences (Fig. 6) 14,17; (4) extension of cortical 
tissue with increased signal from the surface 
to the ventricle (transinantle dysplasia)g; and 
(5) a cerebrospinal fluid cleft with a cortical 
dimple.13 

Histopathologic findings are as described 
previously. 

Potential Clinical Relevance 

It is likely that some of these patients have 
epilepsy and that others do not, being ei- 
ther asymptomatic or presenting instead with 
learning disorders or other types of cognitive 
impairment. There are no specific data delin- 
eating a clinical or neurophysiologic profile of 
epileptic patients with type Ia or type lb FCD. 
Because most of these mild abnormalities have 
hitherto defied in vivo imaging recognition, 
the only evidence there is concerns patients 
undergoing epilepsy surgery in whom such 
mild abnormalities were the only histopatho- 
logic finding. 12*41,45 This suggests that at least 
some patients with type Ia or Ib FCD can 
have medically refractory epilepsy Whether 
this is a common occurrence or represents only 

His topa thologic Findings 

Histopatholdgic findings are as detailed 
previously 

Potential Clinical Relevance 

Type IIa and Ilb FCD are characterized 
by truly abnormal and grossly dysmorphic 
cellular elements, which are accompanied by 
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Figure 6. Fluid-attenuated inversion recovery (FLAIR) ax- 
ial MR imaging of a patient with TTFCD histologically ver- 
ified as type Ilb. Note focal lesion with increased signal in- 
tensity on the left superior temporal region. 

unquestionable abnormalities in inhibitory 
and excitatory neurotransmission. Data col- 
lected through immunocytochemical studies 
support an increase in excitatory amino acid 
neurotransmission and an overall decrease in 
intra- and peri-lesional inhibition.26f 30* 54s 73 The 
net result is a high degree of intrinsic epilep- 

togenicity, which has been demonstrated by 
experimental and clinical studies.‘* ~5, 2v, 53, 6o, 62 
Most patients diagnosed by imaging stud- 
ies as harboring type IIa or IIb FCD lesions 
have medically intractable partial epilepsy, 
frequently with disabling motor and sec- 
ondary generalized seizures. There is a high 
frequency of a history of status epilepticus, in- 
cluding epilepsia partialis continua, and scalp 
electroencephalography and acute electro- 
corticography often show continuous spiking 
or other highly epileptogenic patterns, sug- 
gesting some type of re-entrant excitatory cir- 
cuitry unopposed by “weakened” inhibition 
(Fig. 7).2v~53.~,62 These patients are often cor- 
rectly diagnosed before operation, but surgical 
results are still not fully satisfactory in many 
of them. Issues related to a preferential local- 
ization around the perirolandic cortex and to 
a microscopic extension of abnormal tissue 
beyond the MR-imaged lesional margins are 
often mentioned to explain unsatisfactory 
results. 

Dysplastic Tumors 

There are at least two types of tumors that 
may be seen as representing the most severe 
end of the spectrum of FCD. Dysembryoplas- 
tic neuroepithelial tumor(s) (DNT) and gangli- 
ogliomas may be associated with surrounding 

Figure 7. Markedly continuous focal spiking on the acute electrocorticogram (ECoG) of a 1%year-old 
girl with a dysplastic lesion (TfFCD, type Ila) on the right parietal cortex. Note maximal epileptic activ- 
ity on electrode position #l 1. 
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cortical regions displaying abnormal cytoar- 
chitecture (dyslamination) and large (at times 
dysmorphic) neurons and glial cells. In addi- 
tion, subcortical heterotopic neurons can be 
seen.=, 65 

Structural imaging and 
His topa thologic Findings 

These lesions usually are restricted to the 
cortex and may present a combination of 
cystic and calcified areas. Perhaps the most 
striking imaging aspect is that the MR imaging 
signal is often irregular and poorly delim- 
ited, attesting to the presence of different 
histopathologic elements and the association 
of perilesional dysplastic and immediately 
subcortical heterotopic cells. There is no 
perilesional edema or mass effect.“,65 

Figure 8. Axial MR image (inversion recovery) of an 
asymmetric brain. The left hemisphere is grossly mal- 
formed, much increased in volume, and accompanied by 
ipsilateral ventricular dilatation. 

Clinical Relevance Histopa thologic Findings 

Dysembryoplastic neuroepithelial tumors 
and gangliogliomas are benign lesions from an 
oncologic point of view. Nevertheless, they are 
often associated with medically refractory par- 
tial seizures, which usually manifest clinically 
before 20 years of age. Patients with DNT and 
epilepsy may be cured with surgery provided 
that complete resection is feasible. Remaining 
tumoral or dysplastic tissue may be associated 
with persistent seizures despite major lesion 
resection.“*65 

Hemimegalencephaly 

There usually is an association with dyslam- 
ination, widely scattered dysmorphic neurons, 
and balloon cells as well as with clusters of 
heterotopic neurons in the white matter. In- 
vasion of the molecular layer by multinucle- 
ated glial cells can also be seen.‘,23,6s When 
polymicrogyria or pachygyria is part of the 
malformation, the characteristic histopatho- 
logic pictures are seen. 

Polymicrogyria 

Structural imaging 

Usually,.a clustering of small gyri associated 
with some degree of-cortical atrophy can be 
seen on MR imaging (Fig. 9A). At times, how- 
ever, the fused microgyri can give the appear- 
ante of a thickened cortex with no or mini- 
ma1 sulci, thus suggesting pachygyria instead 
(see Fig. 9B). The common occurrence of some 
degree of atrophy adjacent to the lesion is 
a useful differentiating aspect. Occasionally, 
small polymicrogyric lesions may not be visu- 
alized by MR imaging.7,46 

Structural Imaging 

Hemimegalencephaly shows unequivocal 
asymmetry in the volume of the cerebral 
hemispheres. The dysplastic and abnormally 
large hemisphere displays grossly macrogyric 
cortex and diffusely increased signal in the 
subcortical white matter on T2-weighted, 
proton density, FLAIR acquisitions, and ip- 
silateral enlargement of the lateral ventricle 
(Fig. 8).‘,7*46 There is loss of demarcation be- 
tween gray and white matter. Occasionally, the 
grossly abnormal hemisphere can also have 
lissencephalic, pachygyric, or polymicrogyric 
regions. 

Histopa thologic Findings 

There is a clear derangement of the lami- 
nation pattern in comparison with the normal 
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Figure 9. A, Axial Tl-weighted MR image showing a polymicrogyric cortex on most of the left hemi- 
sphere with an accentuation in the centro-parietal region. Note the clustering of small gyri around an 
atrophic region. B, Sagittal Tl-weighted MR image of the same patient. Note the extensive malforma- 
tion which, in the more posterior frontal regions, has the appearance of an almost smooth (pachygyric) 
cortex. A few individualized small gyri can be seen in the frontal pole. 

six-layered cortex. Most commonly, a four- 
layered pattern is seen, characterized by a 
molecular layer, a reasonably organized outer 
cellular layer, a cell-sparse layer, and a usu- 
ally poorly organized inner cellular layer. Oc- 
casionally, however, a fully unlayered cortex is 
present (unlayered polymicrogyria).46 

Schizencephaly 

Structural Imaging 

By definition, there is a cleft lined by poly- 
microgyric cortex communicating between the 
pial and the ependymal surfaces. The lips of 
the cleft may be juxtaposed (closed-lip schizen- 
cephaly) or separated for variable distances 
(open-lip schizencephaly). MR imaging usu- 
ally depicts the anatomic abnormality.(’ 

Histopa thologic Findings 

Interestingly, in addition to the several mi- 
croscopic abnormalities seen in the poly- 
microgyria that surrounds the clefts, some 
schizencephalic lesions have more distinct 
histopathologic pictures. The latter encom- 

pass some large, immature, but well-oriented 
pyramidal neurons and, occasionally, even 
some balloon cells (H. I. Kim and A. Palmini, 
unpublished observations). 

(Macroscopic) Neuronal Heterotopias 

The imaging and histopathologic findings 
of the various types of neuronal heterotopia 
have been well described over the years, 
and the major characteristics of these types 
of MCD enjoy consensual views among ex- 
perts. These include periventricular nodular 
heterotopia, subcortical nodular heterotopia 
(Fig. 101, band heterotopia or “double cortex” 
(Fig. ll), pachygyria, and lissencephaly.46 The 
exact type of heterotopia is probably a func- 
tion of the timing, type, and site of interfer- 
ence with the neuronal and glial elements 
participating in the migrational process of 
corticogenesis.” Recent discoveries regarding 
these heterotopias are all within the genetic 
and molecular biology fields. Familial studies 
have led to the discovery of several genes 
responsible for key aspects of neuronal migra- 
tion and the associated mutations leading to 
the malformations.z7,3”40 From a conceptual 
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standpoint, these genetic studies have con- 
firmed earlier impressions that entities like 
band heterotopia, diffuse pachygyria, and 
lissencephaly are all part of a continuum of 
severity of migratory derangements,@ often 
(but perhaps not always) caused by gene 
mutations. 

One important aspect regarding the histo- 
pathologic findings of these heterotopic nod- 
ules and bands of variable thickness is the fact 
that although immature, large neurons are an 
integral part of the picture; dysmorphic (dys- 
plastic) neurons and balloon cells are not seen 
in these types of MCD.65,7“ 

Miscellaneous Malformations 
Caused by Abnormalities of 
Cortical Development 

Under this heading, the co-occurrence 
of MCD that differ from histopathologic, 
imaging, and perhaps pathogenetic stand- 
points could be conceived. These miscella- 
neous entities, exemplified by the co-occur- 
rence of band heterotopia and Taylor type 

Figure 10. Axial MR image on inversion recovery display- 
ing a collection of neuronal heterotopic nodules extending 
from the lateral ventricle to the subcortical white matter of 
the right parietal region. Note the abnormal gyration of the 
cortex overlying the malformation. 

Figure 11. Axial Tl -weighted MR image of a diffuse band 
heterotopia. Note the sharply demarcated band of neu- 
rons in between the cortex and the ventricles giving the 
appearance of a “double cortex.” 

FCD (Kim HI, et al, unpublished observations) 
among several others, are likely to be helpful 
in improving understanding of the complex 
genetic and environmental interactions lead- 
ing to MCD. Their mere existence should 
be a warning against attempts to oversim- 
plify the pathogenetic understanding of these 
malformations. 
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