J Korean Epilep Soc 4(1) : 3-11, 2000

Cortical Deformation Zone in Neocortical Epilepsy :
3D Surface-Projection Rendering of Brain MRI
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the human brain are variable, brains of normal subjects

Introduction show typical and similar cortical morphology in size,

orientation, topology, and geometric complexity of sul-

Although the patterns of sulcal and gyral formations in  cogyral patterns. The detection of the underlying struc-
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in the treatment of patients with intractable partial ep-

improved the detection rate of brain lesion in epilepsy pa-

tients.” In patients with mesial temporal lobe epilepsy

Pol sl At gt Y A1 AT (TLE), MRI finds hippocampal sclerosis frequently.
De;)c;;tments of Neurology, Ehwa Womans University Hospital, Se- However, ncocortical TLE and extratemporal lobe ep-
ou orea
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be surprising. The cerebral cortex is a convoluted three-
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Cortical Deformation Zone

its surface gyration that represent the underlying patho-
logic cortical architecture” may not be appreciated in
two-dimensional (2D) MRI slices.

brain MRI images have many limitations in the evalu-

Conventional 2D

ation of cortical morphology. The morphology of many
sulci and fissures of various direction, length and depth
can not be assessed adequately in cross-sectional 2D
MRI images. The thickness of gyri may be over- or un-
derestimated depending upon the angle of MRI scan-
ning. During brain MRI scanning, the vertical or hor-
izontal rotation of the patient's brain may produce a
false asymmetry of cortical morphology such as gyral
volume and sulcogyral patterns. The tangential cutting of
winding sulcal gyral end may look like heterotopic gray
matter in cross-sectional images. The lower sensitivity,
false negative and false positive findings of conventional
2D MRI interpretation are asctibed to these problems.
Sulco-gyral abnormalities may only be seen when the
cerebral hemispheres are viewed as uncut 3D structures.
Therefore, several methods have been developed to in-
spect the 3D cortical morphology. The goals of our
study were to test the sensitivity and value of 3D surfiace
projection rendering (SPR) in localizing epileptogenic
zone and know the topical relationship between cortical
deformation zones and brain regions with ictal or in-

terictal EEG discharges.

Methods

Twenty-four patients with neocortical epilepsy and 20
age-matched normal controls were included in this study.
Ten patients had neocortical TLE and 14 had extra-TLE.
Epileptogenic zones of all subjects were confirmed by in-
tracranial EEG monitoring and resective surgery. All pa-
tients and normal controls had MRI studies. T1, T2 ax-
ial, T2, FLAIR thin slice coronal images, and 1.5 mm
thick SPGR of the whole brain were obtained.

1. MRI

1) Conventional MRI interpretation
A neuroradiologist read all MRI images of the patients
without clinical information and determined the presence

of localized lesion including cortical abnormality. The

only lesions which were located at or near the epileptic
focus were included in calculating the sensitivity of de-

tecting epileptogenic lesion.

2 3D Surface-Projection Rendering

One neurologist and one neuroimage analyst interpret-
ed the results of 3D SPR of the brain MRIs in com-
parison with those of normal controls. 3D SPR was per-
formed with Analyze 7.5 version software (Biomedical
Image Resource, Mayo Foundation, Rochester, Minn) as
the following steps.

Brain MRI was performed with Signa 1.5-Tesla unit
(GE Medical Systems, Milwaukee). Fast SPGR (SPoiled
Gradient Recalled Acquisition in the Steady State, con-
tiguous coronal 124 slices, 1.5 mm thin section, repeti-
tion time[TR] : 11.2 milliseconds[msec], echo time[TE] :
2.1 milliseconds[msec], field of view[FOV] : 22 cm, num-
ber of excitation[NEX]: 1, flip angle : 20°) and SPGR
(contiguous coronal 124 slices, 1.6 mm thin section, TR :
30 msec, TE : 7 msec, FOV 22 cm, 1 NEX, flip angle :
45’) MRI images were obtained and transported to Sun
Ultra 1 Creator workstation (Sun Microsystems, Moun-
tain View, Calif). The cortical surface was segmented by
intensity-based automatic boundary tracing method and
manual editing in 124 MRI slices of each subject. The
scgmented MRI slices were reconstructed by SPR tech-
nique to display 3D cortical surface (Fig. 1). Because this
3D image shows only one side of the brain, cortical sur-
faces of the right and left hemispheres cannot be com-
pared side by side. We stretched out the outer surface of
the 3D brain MRI image on 2D plane by using radial sur-
face rendering technique (Fig. 1). Gross pattern analysis
was performed by visual inspection in the radial surface
rendering pictures. If abnormality was suspicious, those re-
gions of the brain were re-inspected in 3D SPR images
by rotating the spherical 3D brain. The shape, volume,
complexity and direcdon of gyri and sulci were analyzed.
The cortical patterns of 20 normal brains were considered
as a gold standard. One neurologist (Chung SC) and one
neuroimage analyst (Tae WS) interpreted the results of
3D SPR of brains with epilepsy, in comparison with the
sulco-gyral patterns of normal brains. Both of them were

blind to clinical information and determined the presence
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Results

The ages of the 20 normad controls ranged from 18 o
36 vears (raean = 27.7), The namber of padents was 24
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and 4

and their ages
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o

agnoses of lesions were four focal encephualomalacia, five
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3. False Jocabization of 3D surface-projection render-
b technigoe
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postsurgical ontcomes of all patients were evaluated ac-

sording to the Engel's classification.” Sixteen patients ((ié.

7Y% were soizore free {class 1) Five patents (20.8%

were almost seizure-free exoepr for rare disabling seizures

since surgery {class 1), Three pationts (12.5%} bad wor-

{

thwhile redustion of seizures {class i1 The postsurgical

foliow-np periods of all patients were more than 2 vears.

Thscussion

Inspection of cersbral cortex s very mportans for the
diagnosis of nenrclogical disordess.™ To analyze 3 bre
brain MRI

However,

ain cortex precisely, the rendering image of

roust closely represent in vive braig COrtex.
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diustrate de real sulco-gyeal formatdon and the Intensity
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came more realistic. If the quality of MRI image im-
proves, the sensitivity of 3D SPR for identifying cortical
deformation will increase significantly.

Temporal lobe is limited superiorly and anteriorly by
the Sylvian fissure and blends posteriorly with the par-
ietal and occipital lobes. Two sulci and three gyri are
seen on the lateral surface. The superior and inferior tem-
poral sulci start 8 to 10 mm from the temporal pole and
run parallel to the Sylvian fissure. The superior, middle
and inferior temporal convolutions were separated by
these two sulci. This well organized pattern of lateral
temporal surface morphology was observed consistently
in normal subjects. Nine of the ten neocortical TLE pa-
tients showed disruption or alteration of normal sulco-
gyral patterns such as focal atrophy or gyral thickening,
irregular array of sulci and gyri, vertical arrangement of
superior and inferior temporal sulci, and ill-defined gyral
margins in 3D SPR. It was an interesting observation
that the brain regions with sulco-gyral anomalies were
concordant to the epileptogenic areas. Although small al-
teration of cortical morphology can be produced by vari-
ous causes of brain damages, the changes of the whole
cortical morphology such as vertical array of lateral tem-
poral sulci or different gyral distribution and thickness ap-
pears to have formed in an intrauterine developmental pe-
riod of the brain. However, when we looked into the on-
set ages of seizures and birth history of patients who had
abnormal array of sulci and gyri with relatively normal
gyral volumes, no significant differences were observed.

Similar alterations of lateral temporal sulci were ob-
served in schizophrenia patients. Kikinis et al. (1994) stu-

died sulco-gyral patterns of temporal and frontal cortices

in 15 schizophrenic patients. They reported that schizo-
phrenics had a more vertical orientation to the sulci in
the left temporal lobe, with an interrupted course of sul-
ci due to gyri coursing across the sulci. These data sug-
gest that some of the abnormalities observed in schizo-
phrenia may have their origin in alterations occurring
during the course of the neurodevelopment when the sul-
co-gyral pattern is determined. The pathology results of
our study (most of sulco-gyral pattern anomalies were as-
sociated with cortical dysplasia) support that sulco-gyral
malformation may occur during intrauterine neural de-
velopment.

Sulco-gyral anomalies observed in extra-TLE patients
were gyral atrophy, focal gyral thickening, volume reduc-
tion, ill-defined gyral margins, loss of normal sulcal pat-
terns, and increased gyral complexity. Four of the nine
patients with no lesion on conventional 2D MRI showed
sulco-gyral abnormalities in 3D SPR images. Sisodiya et
al. (1996) could find gyral abnormalities in seven of the
16 cryptogenic clinically extra-TLE patients. Gyral ano-
malies observed in their study were macrogyria and in-
creased gyral complexity with altered disposition. But the
epileptogenic foci of these patients were not confirmed
by surgery and considered most frontal lobe on clinical
grounds only (historical and scalp EEG findings).

We believe that further improvement of 3D rendering
technique and combined use of FDG-PET co-registered
with MRI will increase the in vivo detection rate of ep-
ileptogenic lesion in patients with partal epilepsy.
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ABSTRACT

Purpose : The detection of epileptogenic lesion plays an important role in the management of patients with partial ep-
ilepsy. Although the development of MRI improved the examination of cerebral hemispheres greatly, many patients
with neocortical temporal lobe epilepsy (TLE) or extratemporal lobe epilepsy (extra-TLE) still show no lesion in con-
ventional two-dimensional (2D) images. To increase the yield of MRl in those patients, we performed three-di-
mensional (3D) surface—projection rendering (SPR) of the cerebral hemispheres. Methods : Conventional 2D MRI (T1, T2,
FLAIR, thin slice SPGR) and 3D SPR were performed in 24 patients with neocortical TLE and extra-TLE, and 20 nor-
mal subjects. Sulcogyral patterns were evaluated blindly to clinical information. The locations of the epileptogenic
zone, ictal onset zone (I0Z) and irritative zone (IRZ) were determined by intracranial EEG monitoring and epilepsy sur-
gery. Results: The 2D MRI identified epileptogenic lesions in five of the 10 neocortical TLE (50%) and five of the 14
extra-TLE (35.7%). 3D SPR revealed abnormal sulcogyral patterns in 9 of the 10 neocortical TLE (90%) and 9 of the
14 extra-TLE (64.3%). Cortical deformation zones with sulcogyral anomalies included the whole area of I0Z in 10 (65.
5%) and IRZ in 6 (33.3%), overlapped with 0Z in 7 (38.9%) and IRZ in 11 (61.1%), were connected to I0Z in 1 (5.6%)
and IRZ in 1 (5.6%). Conclusion : 3D SPR of volumetric MRI data can detect epileptogenic structural lesions of neo-
cortical epilepsy that are not visible in the conventional 2D images. (J Korean Epilep Soc 4 : 3-11, 2000)

KEY WORDS : Partial epilepsy - Cortical deformation - 3D surface-projection rendering - Sulcogyral anomaly.
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