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Table 1. Anatomical classification of MCD

m Generalized malformations m Focal malformations

« Lissencephaly » Focal coritcal dysplasias
» Pachygyria » Polymicrogyria
» Band heteropia + Schizencephaly
« Periventricular heteropias * Focal subcortical heteropias
* Hamartoma
m Unilateral malformations

* Hemimegalencephaly

» Hemidysplasia

Table 2. MRI-based classification of cortical dysgenesis

1. Abnormallties of neocortical gyration
Agyria / lissencephaly
Diffuse polymicrogyria
Focal marogyria
Focal polymicrogyria
Focal macrogyria/polymicrogyria with a cleft
Minor gyral abnormalities
2. Megalencephaly / hemimegalenephaly
3. Heterotopias
Subependymal gray-matter heterotopia(diffuss or nodular)
Subcortical laminar gray-matter heterotopia
Subcortical nodular gray-matter heterotopia
Subarachnoid glioneuronal heterotopias
. Tuberous sclerosis
. Focal cortical dysplasia
. Microdysgenesis
. Cortical dysgenesis associated with neoplasia
Dysembryoplastic neuroepithelial tumor
Cortical dysgenesis associated with ganglioglioma
8. Dysgenesis of the archicortex
Duplication / dispersal of the dentate fascia
9. Some cases of hippocampal sclerosis

~NOS

Cited from Raymond et al”

Brhleict dd AAAES] W o U] A%
LA et 2] o] A WA By dAlo) whal o
Huld dd7]8-E (1) Malformations due to abnor-
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tions due to abnormal neuronal migration (3) Mal-
formations due to abnormal cortical organization®
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w7 go] Wy oldisted $23%
Barkovichs "] 24l B2FHe] 7%
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& ERAAIY BAH S sl de 2FetE B7% (Table 4)
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Table 3. Classification of neuronal migration disorders

Before neuronal migration

Duning neuronal migration

After neuronal migration

Embryology
Stem cell proliferation and differentiation
Pathogenesis

Faulty cell differentiation of neuronal and
gilal stem cell lines

Disease
Cortical dysplasia

Neuronal migration(8 — 20 weeks)

Disturbance of neuronal arrangement due
to interuption of neuroblast migration
or damage of radial glia fibers

Neuronal heterotopia
Agyria-pachygyna

Polymicrogyna(some cases)

Maturation(after 20 weeks)

Postmigratory event such as destruction of
the middle layer of cortex

Four-layered polymicrogyna

Table 4. Classification scheme of malformation of cortical development

Malformations of cortical development

. Malformations due to abnormal neuronal and glial proliferation

A. Generalized
1) | Proliferation-Microlissencephaly
a) Thin cortex
b) NL cortex
2) | Proliferation-none known

3) Abnormal proliferation (abnormal cell types) none known-

probably not compatible with survival
B. Focal or multifocal
1) | Proliferation-none known
2) T Proliferation-none known

3) Abnormal proliferation (abnormal cell types)

a) Non-neoplastic
1} Tuberous sclerosis Types 1 and 2

I1') Focal cortical dysplasia with balloon cells

Il Hemimegalencephaly
a) Isolated
b) In neurocutaneous syndromes
1) Epidermal nevus syndrome
1) Hypomelanosis of to
1) Neurofibromatosis Type |
V) Focal transmantle dysplasia

b) Neoplastic (associated with disordered cortex)

| ) DNET
II') Ganglioglioma
M) Gangliocytoma

I . Malformations due to abnormal neuronal migration

A. Generalized

1) Classical (Type 1) lissencephaly (agyria-pachygyria spectrum)

a) Chromosome 17-linked
I} Miller-Dieker syndrome+
1) Isoiated lissencephaly sequence+
h) X-linked
|} X-linked lissencephaly ++
1) Subcortical band heterotopias+ -+
C) Other loci
1) Isolated lissencephaly sequence
1) Other syndromes
2) Cobblestone (Type 2) lissencephalies
a) Fukuyama congenital muscular dystrophy
b) Walker-Warburg syndrome*
¢) Muscle-eye brain disease*
3) Lissencephaly-not otherwise classified
4) Heterotopia

a) Subependymal
1) X-linked (bilateral periventricular nodular heterotopial)
i) Sporadic
b) Suvcortical
¢) Cortical infoldings (symmetric)
d) Marginal glioneuronal heterotopia
B. Focal or multifocal malformations in neuronal migration
1) Focal agyria/pachygyria (partial lissencephaly)
a) Bilateral posterior pachygyria
b) Bilateral parietal pachygyria
2) Focal or multifocal heterotopia
a) Foca! subependymal nodular
b) Focal subcortical nodular
c) Focal mixed subcortical/subependymal
d) Cortical infoldings (unilateral)
e) Marginal glioneuronal heterotopia
| ) Fetal alcohol syndrome
1) Other
3) Focal or multifocal heterotopia with organizational ab-
normality of the cortex
a) Focal subependymal nodular
b) Focal subcortical nodular
¢) Focal mixed subcortical/subependymal
|} Aicardi syndrome
1) Peroxisomal disorders
1) Multiple acyl CoA dehydrogenase deficiency
d) Cortical infoldings (unilateral or asymmetric)
e) Marginal glioneuronal heterotopia
4) Excessive single ectopic white matter neurons
[l . Malformations due to abnormal cortical organization
A. Generalized
1) Polymicrogyria (PMQ)
B. Focal or multifocal
1) Polymicrogyria/schizencephaly
a) Bilateral symmetric polymicrogyria
| ) Bilateral anterior PMG
1) Bilateral perisylvian PMG
M) Bilateral posterior PMG
b} Asymmetric PMG
¢) Schizencephaly and mixed schizencephaly/PMG
2) Focal or multifocal cortical dysplasia without balloon cells
3) Microdysgenesis
V. Malformations of cortical development, not otherwise classified
+, + +. *Allelic or possibly allelic

90

J Korean Epilep Soc,”Volume 4,/ December, 2000



U m
-}_q_.2>3)25—28> w

FApel| M i =

s
a

.

T

194+ focal subtle

49l
oLk, el e

&l

|

H
ol

Age at seizure onset(years)

gl

1
i

5-9 10-14 15-19 20-24 25-1930-34 35-39

VA agyria—pachygyriaZF 1= $212] 76%

©

It g Za7)gol 3l

0-4

30

15 +

10

o] @Wo] FutH

]

Fig. 1. Distribution of patients with oortical dysgenesis and ep-

ilepsy at age of first seizure.
A ko] AR S Seh(Fig. 1)." T dzte] iy

pathology”} B7] wj &l 7tdo] 4
1 E3# ] MRI A4

él_ E‘J—_’_oﬂ 29) ‘C}]

7HA]

at7] mgell o

8] v

o

[¢)

A et

3%

°]

b9, (2) e )

3

Hj A

=
-

o

[e]
=
2 7t

ol

e
-, Fuku-
=

s
ko)
T

H

G

Sy 7o) 7}

[e]

=

]

-
-
3t

[e]

o] 5o 9174 A=

)

4

of = o

Yolt} ™ 1241} Miller Dicker

o

of 91744 = Arle] A% Al
%9 Ay

HiCH
Walker Warburg &%

3l Fo]7] wjF-ol| Barkovich® A4

& gko g g ofx7} gt

o] %)
i3

=

gul

Cf < o &
(Clinical Manifestation of MCD)

7z

o] 91t v} o9

yama o ©|9%

|
h=s

A7t ol agyria/

w

1

&

s

=0
}\é oo

[¢]

+=t] ¥kl subependymal

°

pachygyriaz-2 wTH] Bz o4 94 o]

wao] o/l RE A Ay

=
=

bl ey 2l
718 o]

™
il

3

3

WIE Hol7|=

w

heterotopias= & {Fdw=zlo] AJzt

Aps

¥t

ol s o

LRI

3
91

R

Eg).gl 0:1
9l ghak 1

[

3

P
o] 84%

)

el

= 100
A

Q
A

221} Raymond
]
A

2
na

2] TR dixdd dedr|go]
Lol EAgh} extratemporal

bl o7l ¢

Qo
T

Ap

1

3
s

727} AlFE Wyllies ™2 Bl extratemporal ep-

T7HA] clinical
of  epilepsy

po
-

Aoz vep}
| cereith” oesd werlge

At
&

7] o] & F4& b
spectrum 9GA] dieh

i
J Korean Epilep Soc,/Volume 4,/ December, 2000

At
HAAA



W& 22180 H7

= a =) 8 T AR
Zdshe Aol vk aev nukd o EeEr gl
A Ao 59%ell M wa THE R %“‘33}1 g
74 whav|ge] sl Ak 19%0l4] ZEAr, dobd
& 22 dubd o] veht MRMW wAE 94
He71ge] Moy Sl welb ibddEre] §95 oS3t
EdlE b Aok de] FR] iy od Ty
o] & A 100 F oF 86%°lX HE syt WY,
6878 2] =4 v A e fAte] 5ol F54d 3t
Aut, 3279 viRbY didud EFEv|y fxte] 14904

a4 AT Y =8 MRISH Bl Al
EEE EBEEPECERLEAEEE H]T’LOH 2
sk e 918 the 2ol SiAsA

& odo 2 o 4
8
e

woh A £ Fol g #AV A9 WH
2 7] gof ofgh AL &3] oFEA| R WA &
A Fed Aurt ettt duelA gvh ev W2 g
AAA gl AT A4E 2ok w3k d@Ael MRI
R vd B Hes Aes] a8l gl
MRIelA 22 A5l functional abnormalities zone

o] ZAIsl7| wjFol| 44 X852 AR 75| T2 0]A]
Fahch” weba] g3 Wyl o4 1M A5 H
N A2 g o] 88 252 YAEA N85} 3t
TE oA & gkt
BAAA, QA e, S5 & ol 7FA] A A A
of 7} E9Heth Raymond%s’e A& Uldoz & Ha
oAl e (10%), BAIAA(9%), AAZN (4/
nhe], 7R v B 55 vhlE 2
(14%)7} 2 =lJet. 12 ole A
a2 B} A3 9)d W] o] 5 o] F= 310}
FHIEY o] = 740§xg )

ol e A

r\o
>

[
AL

T

¢

rol ol
ok

d

=)
)]
=
=
o Tt
I
L
18
v

o .
- s

do lo fop ooxorfr

o 3 N
ox
i
¢
ok
rE o
lo,
UE‘. (o)
o
i)
)
e
o
o
2
=
a
2
S,
T
e
)
)

off

ol B} 7hd o) 5‘?}%‘3}. w3 g s d Gy oA
static encephalopathy<
= A5 B A=
Truwits™& HArMIZE Qe #48 MRIZ ZARH}
294 o] kAl ZAjol & 10l A H A ey Y S RS
i, Wilkund§™& CT AAlelA A3l #Hep] ghate]
16%°14 22 718 & dAstdvt. uheba ZHd Rt of
et A mtE] e FARGE AR A7 =3

o] dFolA tidad Wer|go] WA W& high
index of suspicion®] #gtel] Hs] Fasic}.

gkA Zof 71 )

Oi=ma SEN¥Y 4%

(Prognosis of MCD)

s iy ge] 7] o fof| B Ate vy =
B0}, Dravet®”2 5012 94 o|gA % alollA F
o} Aol gt AelA] 7he] 35
g3 Hlxof oAt a2t {3
AR A7 o] e Sk HEe] UA HL‘g'E}
uksj 7hdo] Alehx] gke Exle= 38% % 14 ool
Zro] A|ZE| QLT R 1ha o] Al #hAke] Th% v gt 7&
Anbzto]l &= e Ihdol AdA e gl
20%14 rAwzte] e el E Bt 97 der]ge
o] ARIeIst A A7 Aelvt of AAT AEs
BT o Zof] AR = kel H2 A TR o
92 dE oA o] Hele} dlfeke] wAld g
A7} 0} Heterotopiash @578l W] H9
9} o) Z9} #EHo] YATE®® Subependymal heteroto-
piaZt e B2 rErRto] A e s Al
ke gaol Ay Aulg AAE Ko 5ol $lSl
o}, Focal subcortical heterotopiaZ} Q& $Ake] wk=7}
el doly | v E FRkeisl o diffuse white matt-
er heterotopiaZ} S+ A dEx|de] Tdstg ot
TENE AL st @F71F0] et FadoR
A% 434 WaEn A5Gt glode

10

H] WA

2 A

A &9 : MCD - Cortical dysplasia - Classification

- Clinical spectram.

o

J Korean Epilep Soc,”Volume 4,/ December, 2000



REFERENCES

1) Taylor DC, Falconer MA, Brouton CJ, Cor-
sellis JAN. Focal dysplasia of the cerebral
cortex in epilepsy. J Neurol Neurosurg Psychi-
at 1997:34:369-87.

2) Whiting S, Duchowny M. Clinical Spectrum
of Cortical Dysplasia in Childhood: Diag-
nosis and Treatment Issues. J Child Neurol
1999:14:759-71.

3} Raymond AD, Fish DR, Sisodiya SM, Al
sanjari N, Stevens JM, Shorvon SD. Abnor-
malities of gyration, heterotopias, tuberous
sclerosis, focal cortical dysplasia, microdys-
genesis, dysembryoplastic neuroepithelial
tumours and dysgenesis of the archicortex
in epilepsy. Clinical, EEG, and Neuroimag-
ing features in 100 adults patients. Brain
1995:118:629-60.

4) Fish DR. Localized Cortical Dysgenesis. In:
Kotagal P, Luders HO, ed. The Epilepsies:
Etiologies and Prevention. New York: A-
cademic Press, 1999:45-59.

5) Aicardi J. The Place of Neuronal Migration
Abnormalities in Child Neurology. Can J
Neurol Sci 1994;21:185-93.

6) Shorvon S. MRI of Cortical Dysgenesis. Ep-
ilepsia 1997.38(suppl 10):13-8.

7) de Rijk-van Andel JF, Arts WF, Hofmann
A, et al. Epidemiology of Lissencephaly
type 1. Neuroepidemiology 1991:10:200-4.

8) Meencke HJ, Veith G. Migration distur-
bances in epilepsy. In Engel ], Wasterlain
C, Cavalheiro EA, Heimann U, Avanzini G
eds. Molecular Neurobiology of epilepsy.
Amsterdam Elsvier, Amsterdam, 1992:31-40.

9) Janota L, Polkey CE. Cortical dysplasia in
epilepsy. In Pedley TA and Meldrum BS eds.
Advances in epilepsy. Edinburgh Churchill
Livinstone, 1992:37-49.

10) Kuzniecky R, Murro A, King D, Morawetz
R, et al. Magnetic resonance imaging in child-
hood intractable partial epilepsies: patho-
logic correlations. Neurology 1993:43:681-7.

11) Holthausen H, Teixeira V, Tuxhorn I, ef al.
Epilepsy surgery in children and adoles-
cents with focal cortical dysplasia. In Tux-
horn I, Holthausen H, Boenigk H eds. pedi-
atric Epilepsy Syndromes and Their Surg-
ical Management. London, John Libbey,

1997:199-215.

12) Kuzniecky R, Jadson G. Neuroimaging in
epilepsy. In Magnetic resonance in Epilep-
sy. New York, Raven press, 1995:27-48.

13) Palmini A, Andermann F, Olivier A, et al.
Neuronal Migration Disorder: A Contribu-
tion of Modern Neuroimaging to the Etiol-
ogic Diagnosis of Epilepsy. Can J Neurol
Sci 1991.18:580-7.

14) Sisodiya SM, Stevens JM, Fish DR, Free SL,
Shorvon SD. The determination of Gyral
Abnormalities in patients with cryptogenic
Partial Epilepsy Using Three-Dimensional
MRL Arch Neurol 1996:53:28-34.

15) Barkovich AJ, Kuzniecky R. Neuroimaging
of Focal Malformations of Cortical Develop-
ment. J Clin Neurophysiol 1996.13:481-94.

16) Barkovich AJ], Kuzniecky RI, Dobyns WB,
Jackson GD, Becker LE, Evard P. A Clas-
sification Scheme for Malformations of Cort-
ical Development. Neuropediatrics 1996:27:
59-63.

17) Kuzniecky RI, Barkovich AJ. Pathogenesis
and Pathology of Focal Malformations of
Cortical Development and Epilepsy. J Clin
Neurophysiol 1996:13:468-80.

18) Dobyns WB, Truwit CL. Lissencephaly and
Other Malformations of Cortical Develop-
ment: 1995 Update. Neuropediatrics 1995:
26:132-47.

19) Barkovich AJ], Gressens P, Evard P. For-
mation, maturation, and disorders of brain
neocortex. Am J Neuroradiol 1992:13:423-46.

20) Barth P. Disorders of Neuronal Migration.
Can J Neurol Sci 1987:14:1-16.

21) Richman P, Stewart R, Hutchinson ], Cav-
iness V. Mechanical model of brain convolu-
tion development. Science 1975.189:18-21.

22) 7)4J%}. Neurobiological Mechanism of Neu-
ronal Migration Disorders. A 53] <14¢]2$]
2 XA, 1998:121-42.

23) Barkovich AJ, Chuang SH, Norman D. MR
of Neuronal Migration Anomalies. AJNR
1987:8:1009-17.

24) Kuzniecky RI. Magnetic Resonance Imag-
ing in Developmental Disorders of the Cere-
bral Cortex. Epilepsia 1994:35(Suppl. 6): $44-
56.

25) Barkovich AJ, Kjos BO. Gray matter het-
erotopia: MR characteristics and correla-

J Korean Epilep Soc,Volume 4, December, 2000

tion with developmental and neurological
manifestations. Radiology 1992.182:3-9.

26) Barkovich AJ, Kjos BO. Non-lissencephalic
cortical dysplasia: correlation of imaging
findings with clinical deficits. ATNR 1992
13:95-103.

27) Guerrini R, Dravet C, Raybaud C, et al.
Neurological findings and seizure outcome
in children with bilateral opercular macro-
gyric-like changes detected by MRI Dev
Med Child Neurol 1992:34:694.

28) Guerrini R, Dravet C, Raybaud C, et al. Ep-
ilepsy and focal gyral anomalies detected
by MRI: electroclinico-morphological corre-
lations and follow-up. Dev Med Child Neu-
rol 1992;34:706-18.

29) Gastaut H, Pinsard M, Raybaud O, ez al.
Lissencephaly(agyria-pachygyria): Clinical
findings and serial EEG studies. Dev Med
Child Neurol 1987:29:167-80.

30) Palmini A, Gambarella A, Andermann F,
et al. Intrinsic Epileptogenecity of Human
Dysplastic Cortex as Suggested by Cotri-
cography and Surgical results. Ann Neurol
1995.37:476-87.

31) Wyellie E, Baumgartner C, Prayson R, et al.
The Clinical Spectrum of Focal Cortical Dys-
plasia and Epilepsy. J Epilepsy 1994:7:303-12.

32) Palmini A, Andermann F, Olivier A, ef al.
Focal neuronal migration disorders and in-
tractable partial epilepsy: A study of 30 pa-
tients. Ann Neurol 1991:30:741-9.

33) Dravet C, Guerrini R, Mancini J, et al. Dif-
ferential outcomes of epilepsy due to cort-
ical dysplastic lesions. In Guerrini R, An-
dermann F, Canapicchi, ef al eds: Dysplasia
of Cerebral Cortex and Epilepsy. Philadel-
phia, Lippincot-Raven, 1996:323-8.

34) Truwit CG, Barkovich A], Koch TK, Fer-
riero DM. Cerebral Palsy: MR findings in
40 patients. Am J Neuroradiol 1992:13:67-78.

35) Wilkund LM, Uvebrandt P, Flodmark O.
Morphology of cerebral lesions in children
with congenital hemiplegia. Neuroradiol 1990:
32:187-90.

36) Barkovich AJ, Kjos BO. Schizencephaly:
Correlation of clinical findings with MR
characteristics. AJNR 1992.13:85-94.

93





