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Pathologic Analysis of 71 Cases of Cerebral Cortical Dysplasia

Sang Pyo Kim, M.D. and Seung Che Cho, M.D,

Department of Pathology and Institute for Medical Science,
Keimyung University School of Medicine, Taegu, Korea

Cartical dysplasia (CD) is considered 10 be a malformative lesion of the neocortex which ex-
hibits a spectrum of pathologic changes reflecting a disturbance in the process of its devel-
opment. CD 1s recently recognized as a major cause of intractable epilepsy with non-neoplastic
lesions. Mischel et al. proposed that CD can be graded mild, moderate and severe with regard
to nine specific microscopic abnormalities: mild CD consists of I} cortical laminar disorgani-
zation, 2} single heterotopic white matter neurons, 3) neurons in the cortical molecular layer,
4) persistent remnants of the subpial granular cell layer, and 5) marginal glioneuronal heterotopia;
moderate CD displays 6) polymicrogyria and 7) white matter neuronal heterotopia; severe CD
phows 8) neuronal cytomegaly with associated cytoskeletal abnormalities and 9) balloon cell
change. We reassessed 71 cases of cortical dysplasia to elucidate the proportion and histologic
features of each group, using Mischel's grading system. CD was most frequently found in the
temporal lobe with 50 cases (70%). Mild CD was predominently seen and was noted in 61 cases
(86%) Cortical laminar disorganization and single heterotopic white matier neurons were iden-
tified in all mild CD cases. Neurons in the cortical molecular layer, persistent subpial granular
cell layer, and marginal glioneuronal heterotopia were also noted in case numbers 40, 3, and
1 of mild CD, respectively. Moderate CD was composed of 2 cases with polymicrogyria, and
the remaining 8 cases had severe CD. All moderate and severe CD were associated with the
various histological features of mild CD. Thirty eight cases (51%) of CD showed dual pathology,
composed of both CD and hippocampal sclerosis, and § cases of dysembryoplastic neuroepithelial
tumor also had CD. Neurofilament immunostain revealed disarray of abnormally beaded axons
in CD. We believe that the grading system of CD is very impomant to the evaluation and
classification of CD. (Korean J Pathol 1997; 31: 815~822)

Key Words: Cortical dysplasia, Grading system, Pathology

.
T-
a4

1997 48] 229, Alafgel: 1997 6Y 129
Al F AR 1], S HWE 700-712
Aol 2)sba)2} Wajstad, A48

ISSN : 0379-1149

815




816 oy a)Ehd =) oA 3 A e dE 1997

M =

o
e

X el dFoeE W S
Agew 24 FUES A 79 05-1%E 4
Awpe]' ¥2] FHelubH e o)y} ulate] HiM e g
Yol 7154 Hghe|eh 7HE9] Rglazss F4
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Fhedals ZHE FAabe] we] Fatb 3te] o] 7hA|
aglse] FAY FHeg FE50] ghov Tl
st o]l ZadAd o g Kol 7HE il S
9l ave] wel AEHT Qo] 44 Fuehs
F2HQ W, & WF5 735 (mesial temporal
sclerosisy, =] FHo|E AL (cortieal dysplasia), %E“ﬂ
718, v Se]Hql sbdd 3, 7l148F 3, 444
A 9 iy HEY 55 wEetA HelaAEry
o gt ¢ A =Hyd . Yuiyes kA
TE 4 HER Hy del==53 gl
gk WS Mol g2 7ol Wie] o= AR
Hop glgdHes 748 ags slgde]l 3 €
A xgel A sgdel vk weks AT
= o FHg Hel=Ag] AckE she A 8@
9] ol EE A ed S Fas

7Ha2] g9l Fo| shiz 24eF gy HdFE
Aobell4] 24 A elatx]l HSs} vlew 3
A el F wkZslA] g EFH aiivke] A E
off wal#|oleba Azisln glol® . Eeflel wr|E
Heddap g2 gdadvEs] ggE Fgke] rhsd
Hov =279 e PA4Fe Ay A7E
Heddoll e W E s Hdle 455 2ol
T& & delz==u3y Pie] g e|ct” Ao
saza LA E o] %2el] (neuronal migration dis-
orders) 2 shiE ¢l4sleiy] o O FR7F @
b degl=le] gla] abebel et 27| Mischel
e Aoy 4 s Ax, FEE W ke 5
28 Frslgien, A% Ao HATE HH T
o< 2] o|4b (cortical laminar disorganization), Y
o] 424 ok A 4| E (single heterotopic white matter
neurons), I3 FAAFWH ola4 AP HME (neurons
in the molecular layer), 248l Z5F IHAEE (per-
sistent remnants of the subpial granular cell layer) 3
e Bloo|l4d DA M E (marginal glioneuronal
heterotopia) 2. 2, 55 HAe|d A5 Aok E S
(polymicrogyria)f} Wi HHA o]y
matter neuronal heterotopia) @2, % 2] 5| #Ho|HA
=5 Ad] o|®4 417 M E (neuronal cytomegaly) 9

{white

TAAE s (balloon cell change)z Hl¥stelc).
R AR A TS TAHRD A2 A7el]
eh, = ubAl 15165, 15~ 165704 255 Ala],
3255 o| el Aelrh 47w A n%, FEE,
4 ge] #HolggTol 42 fvkar Fg=llck

ofell Az A7% $9H ARG Agew
o] FAelWAHFT TIelFE o4 MischelE "2
ZlEell wpel AEFebar ezt 548 5
erebed sjAelgd S Alvkelel] slo] FEdE 7|
shatal 2 odE UAslelc

HE 9 9y

19923 119 5E] 199641 12974 Addia &
Aol 2l welateld HAE 189sd 2] AR ¥
=2 FollA W=k AP4E dAlsle] 54
ol H4FoE HeH TIdE e sqd. A
M OEE ¥E2FHE 5 HxE et o o
£ AE Wy £ vE =2 Ass 24 el ub
well atel 10% F4 EEvbsle nalsla sheplel
Eof gk 5] hematoxylin-eosind} cresyl violet Bl luxol-
fast blues] 45 Alefeled etHiv|deow zladate
e}, Hash ol widzzaa 43 Hasd
ou] o] woliz HiMlo| Fah 1-270e] hupyl wE
& Aeela 4-5 pm 2] AHE qhSo] avidin-
biotin complex' el wbe} o] =234 45 A
stk Wz sl dol A§Y YAYASS
glial fibrillary acidic protein (GFAP) (Lipshaw, USA),
neurofilament triplet (MW 68 kD, 160 kD and 200 kD
Lipshaw, USA), synaptophysin (Dako Co., USA) 4
nearon-specific enolase (NSE) (Dako Co., USA)S A}
gotleh.

FAH ZARH KA ER2) 9leked Mischel
F0) Aekdt ERE vigte g AEY FE5 4
52 HHe|BAHZeg FHgch AL Aol
HASE A ST o, WA eli4
U AHEHE, #18 fASY elid HAME, 59
s ZHF SEAES 9 AR ol w74
L 5 17 o] AE Hele HRE, F5E
slde|®y TS Ao E, W0y AHUY |4
AE Hels ASE, nE F P4 ITE Al o
H4A AFEAE 9 FHAE RS Hels FFE
sled O W] WEE =Algla 2o 4
A eolde] gle] hA] wAW o] &4 whY 417 4AE
nh ke ASe B odAtellA] A2jsigdc e
At Tied 2] sl eSS W9l §ape] 9475
el 4 7 Esield
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dAdlg Tl F wAlbrl 439, ofA}s) 289 e
ev] g 751412 BEE No|ula HF 264
War g e WP 2ddly  25yle] ¢l
(Table 1). 71e|2] u]Ho|H A Fo] wtfro: ax
Fel 50 qo%)= 7hab whshes] ARy 7o), FA
d 6ell, FF 4o, ZFFFY 3d W SFE5A
lefl2lel (Table 2). vde]=2]eh2] gakolla] A5 el
g el Fe| 610 (86%) 24 713} wgten =
e8| #HAo|PAZE 2o 3R)HD 52 A
oA T2 Boll (1K) k. =3 5 Peo|al g =e] 38
ol (51%)ell 4 slloldgrl o] PatEglen] s
e R A2 9k (dysembryoplastic neuroepi-
thelial wmorjell 4 257 2] Fo]d 4 Ze] Eulbs] g},
6lell2] AE #]Ho|HPdTella] =2 Z4u]ede] o
o Y o) gy AFMIE BE olel4]
daasglan, #A Bapsu o)s4 AHHE} 400
(56%), F7Fal AF FHe Al ESo] 3o, BB o) 4

Table 1. Age and sex disiribution in 71 patients with cor-

A AHUFYNHAEZL 1eflol 4] 2F2) b gl 24 2)
ToE HAHNFLATeA: A E e Lnnts
3 5 sl a3l AP olxAs] =
© gtk FEE #HA|HAF 2] BEef4 AR
2] Ao Y ATl ditels A 24w o)4
owEhy el v HAHEME 9 fulal 2E
e | EFe] FHbElo] FAEGc} 88 1% ¥
Heold A Fell s A ol®4 A7z s
© A7 sell, Zid] oA AP E}F FHAE
HE7E FA == 757 260, FHAE W3
RF ¥R S 1elgich 3E #)Ao|sAE g
o Bioll4 Ao ) HAo|PA Tl el =A
S g e o]t wiFY o)A whl 174 Er)
PEEglen edlelds HA BEaEdg) o]s4 A
AAE A= Rcl (Table 3), % A% 9] 5)3e)
BT T wd AR AHHEZI HAR o)
4 RAYUYVHAEE Hols BE dlellde 28 =
& ouiEde] el g, WA olA&4 tigl AAME «
HA EAFHel ol44 AAMESE B 5 g

tical dysplasia Table 2. Location of cortical dysplasia in 71 patients
Age at surgery Cases{M/F) % Site Cases(%9)
T=10 1) 42 Temporal lobe SNTO0%)
1120 15( 8§ T) 212 Frontal lobe T0%)
2130 38(24/14) 53.5 Parietal lobe 6(8% )
3140 100 & 4) 14.1 Occipital lobe 46%)
41 50 H MDD 5.6 Temporo-occipital lobe 3%
51 I 1y o 1.4 Temporo-parietal lobe 1(2%)
Table 3. Histopathological findings in 71 patients with cortical dysplasia(CD)
: . . Mild CD» Moderate CD Severe CD
Hisiological findings (n=61) n=2) (n=8)
Cortical laminar disorganization 6l 2 8
Single heterotopic W.M. neurons 61 2 8
Neurons in the molecular layer 40 0 6
Persistent subpial granular cell layer 3 2 0
Marginal glioneuronal heterotopia 1 0 0
Polymicrogyria 0 2 0
W.M. neuronal heterotopia 0 0 0
Neuronal cytomegaly 0 0 7
Balloon cell change 0 0 3

W.hL: White matter
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Fig. 1. Cortical laminar disorganization shows disarray of
cortical lamination and localized irregular clustering of
NEUTHNS,

Fig. 3. Cortical molecular laver shows mild hypercellu-
larity with a few heterotopic neurons (arrows).

7 # e 4 F e HelaHHH £7eze 3
A, 23 S el o HaA 54 AFA
EEe] 4 wide] £4sUA AHFMEFe] BT
xalA] Reo] glelm (Fig 1), B, W eo]ii
thel A EE w3 el 2 HHAES OS5
e A Agtes fsEgles (Figo 2), A, H
A FAEW el AFHAEE A4 EATWe
HE 7 FrlelalA A4 Est e r Ea
sbglan (Fig. 3, s, fobst 3b obelAl eSS &
ohabol] FEHEFe] YHE efdts FEe HeE
weonl (Fig 4), chds=], wedfl o4 a5y
Epe 2473Y =Fo] HuhE Fiele] A

Fig. 2. Single heterotopic white matter neurons shows
some scatiered heterotopic newrons (arrows) in the sub-
cortical white matter.

Fig. 4. Persistent remnants of the subpial granular cell
layer reveal small cells amanged in rows along with the
subpial surface (arrows).

Tite R FEse] PEEa (Fg 5), o4, 4
chie %] 52 4o g A5 dixa)de] ks gich
(Fig. 6). L=, Ad ]34 AHHEE= 250 257
gt A A EEe] Alalse] A (Fig. T),
oG, FHAE Hils se] Has]e] glemy
FEE 44 AEAL AR gl (Fe 8).
M Eef] gk GFAP oo =3 shstad Hefla{ = 14
ofl 4] kg Hgia AFME EA)7ke] synapophy-
sinid} NSEol|= laflellA]qh ek 8 Wl 3502 =
Z o] 4 =of| 4] 2|88 neurofilamento]] i3 wied=
Z uhehed ofl ] A7 A|EL] M EA wl S4be| neuro-
filamentel] ¥ & Hglw o] #4528 5% (beaded)
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Fig. 5. Marginal glioneuronal heterotopia (arrows) is com-

posed of ectopic neuroglial tissue, which protrudes through
the pia into the subarachnoid space.

Fip 7. Newaronal cvtomegaly l.'arr:}wa‘] shows ahmnnal gi-
ant neurons with clumping of Nissl substance.

bk et waFdabAl BEskn Qi (Fig 9).
o &

Hel AFAES B 4] Hd F902] elet
719 (germinal matrix)=l] 4 56 F 4] P4 E
4 6 dNE 16747 wWAE P AR (radial
glial fiber)Z wie} >4 FHlell4 Hzjd Fog o
S Azt xIAEE P49 ¥m A e
A oiel] xHF AFHESS] g el E
ol & =l oerha] AEe7H BEAS (extra-
cellular matrix molecules), =5 cell adhesion melecules
(CAMs)#} substrate adhesion molecules (SAMs) S|

Fig. 6. Polymicrogyria consists of four cortical layer with
abnormal cortical lamination and that appears to be pseu-

Fig. 8. Balloon cell (arrows) shows eccentric nuclei with
hyperchromasia and abundant eosinophilic cytoplasm.

=ef ol FolAA Ho}” ¥ AB S A3 o) ER Al
BHEEC 2 655 P4 =e] 1 £ AA
AMEZe] H5 o EHRPE Ax 439 4=
NE HEA so] B AAAEET AFA (syn-
apses)ir HAGHAl "ol e|ga HAEl Ay~
(synapses)= tHebtlell 4 elgb 45 (association fi-
bers)2t x| dlLE @l xek4§ (callosal fibers)
2 HaF dog s dAdae 4294949 4% (coni-
cofugal fibers)sh 22 AAHZE o #5] Hrh. gro
A AL ol FA 7ol HAbaZE, g, HHH
Al 9l Hasl e o] b fele] 2)aE]4] e
T AelE P = ARHME o]FAlel (neuronal
migration disorder)-& EllslA el AHAE o=
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Fig. 9. Neurofilament immunostain reveals disarray of ir-
regularly beaded axons in cortical dysplasia.

Follells # 3l 4F, FHHF (agyria), o]£4
A 73RV E (newronal heterotopia), £He8%] 32 (lissence-

phalia) 3 -5 (schizencephaly) Gol Egtslo] gle -

o o] EE B5 7HEvizlel fele 2 ubs|A g}’
AHMNE olade] F2 zlel #)Ao)sy=o
19714 Taylor5 el 2lal) 28 waslgen] 212
ol BHc Palminig el olaf| 37t Sgom B
ste] grade 1-328 AHelglch Grade 18 )3 4
o] olde] glomy BitHsln & 417 HE)
HolZ) ffv ASE4 713k JE 5 Aoy A Fen
grade 2+= U8 Sabuld o)gEt el £ Al E
7t BHEE SR TEE I e HW I gty
™ grade 3Z FHAHE FEe HLE 3RS
#HAol¥ A Fe #ledsich et #stell Mischel
Tl oell mAeldAdEg wattEol alejle] A
ell wbe} AE $EE 9 nxe mAega=
g TEsiden, A5 mAo|sigdre wE 24
e e] o, WA o444 st AZAE, A
Bl o4 AAME, Sas 5 FgqE=
U WY o)A SAHYUME B HER,
FoE HHe¥MATE £oHE, wAW 439
A oolaiAe] PEE FSE, Ak FHHe|yyze
A el¥HA HAFME 9 FHAAE 4ol Hel:
AR b Fslach o)da e sde|sids
o] W=z Ag g9 Fie 4oz gy
olHAZE 7 AR hE Yol 9%
AR AATE Hoby) wiiel Foap?
B dellAe #AoPAHFe] Y Br 25
dol S0edl8 7k @& WIEE Hol A2 o

P4 AEH RE 1 S50y %
Al ale] Fe| AEEe] dnjg}l Hea o 2%
de5ol i HaA==gH HA7 @eo) 9=
Wiy Zes gigkgicy aela g He|slAds &
Hee] # Aol dZe] slef|ny s}at go ugd
Heol #HETe] Mael wlsxgl okd-g vehdgla 7
A diEz=e "HelZdd glaae] wigli gt
a5k 612 AE FHe|HAE 254 A
T4 el gt WA ol gigl AHHESe
HdxEo] 7l ol F¥ele AHoE A7E Q)
Az #18 F4 elgelde] gle]l wha] wizly o
A4 g HAFMEFe] E8HEE A5 vE 7
Agrae] sl we] TR s A7
el Fde] gle A4l Helde wAsl= He
2 Ba*¥slo] glo] B A4 Alelslg. 2
d8] FEE FHAe|HYFoANE 4F22 F4HH
A E A Lo B Fe] BaEgD FE H)
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off AAA 9 F4Hde] oRgow AEE= A
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AE HHe|HAFTNAE Adl |8 AH M Es}
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MEE WlZHAE (Bez's cellRch I3 S-5F%alq
2 AEF N FHA gl (Nissl's body) S 7}
A glgdck FHHAE Wyl ¥ AHSde
o] A= FRW A4 HEAE sz gl
¢l GFAP vl ==z gele] dolla]i= leflefl4] oky
& Hef sy AGHE (gemistocytic astrocyte)s}

Fhde] ol Heoeg Hzisglon AFAMNE TH

72l synaptophysin®} NSEel|'E 1¢]& algjsinys 2
delglct. gteg FHME HILE Holi= 759
H2HAvF 4 A48 o5 o g2 Selld ojd o
o 2F 3l g Asled Ay MEL] A4S
dhjof & oz Azhxic

2 odtollA] & 7] FejEs e Hre] =53
o|l84F T sl AH HAFPMAMESI WA of
a4 RAAYAEE Bele BE el 7A
& ade] o), WA o]44 gl A7ME g
2 gabgdlel eo]4A A7 E} By el on
Z55 YW k9 #HAo|Y4HZE Ho|x 7 Lo
E S wde] o4, wiIy] o)i4 Y L1734
E, HF- AW ol AAME, Fots AF
HHANESEI T AE Do)y A Ze Hdsl
v A7do] o] fhatEl Heloh F FEE W a%
HA e HHFNA FAE #HHHAETS Eghle
Be £4F0] %Ho® Jehgd g ¢ 4 sl ¢
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= Mischel 570 Faldl upe}l o] Al7ja|Ee] =
4], olF 4 Fi= ojdsls 4153 (neocortex)2]
Hdzbyg Telld Wz wl Folell ol 19l
st Fell7l GrH FEE W ax FHFe|HHY
Su Z2fsA 3 Al oen 1 aborl ol
MPAFEA e ofrEl= Aoz odes] g AE =
HolHdFo] Byi=l= Aoz Yzhs] 4 4 ik

gef|2] mAo|FAHFeH ol ot FulE o
gol 44l ol FWyl (dual pathology)” o= 417}x]g]
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o] FubE|Al = el ®vlelyt #] 3 (entorhinal cortex)
I oedds]l AAFEE S dule] ghEba @)
HAZERE AS3H EHe| Ao vy dir}
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213 =e] Wb, el Sell2) el A
4] Fok (dysembryoplastic neurcepithelial tumor) 2.5
oAlA] #He| g 43 & Evbsla o] Eods] 4174
E olFatel2t A% FAZE 9E Fes Yuts
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F-d v (hamartomatous lesions)2| #}g4d-5 Svh3
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dlioll e A7dMEe] HEF 9 24te] neurofila-
mentel] WE-E WHeo|H Y FEE (beaded) ok Wl &
THY BEE Ho F|Ho|HAHFell4 pEE]E 4
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TEE v Ao Fasisid
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