BASIC MECHANISMS OF CHILDHOOD EPILEPSY

Pathology of childhood epilepsies

HEINZE-JOACHIM MEENCKE, MD

nfantile spasms (West syndrome, Lennox-Gastaut

syndrome), childhood absence epilepsy (pykno-

lepsy) and juvenile myoclonic epilepsy (impulsive

petit mal) all belong to those epilepsies that have
somewhat imprecisely also been called childhood epilep-
sies.

These generalized epilepsies have common. biologic
parameters and common features in the symptomatol-
ogy of seizures. There are, however, clearly defined
differential criteria. The comparable genetic back-
ground, the marked age dependency, and electroence-
phalographic (EEG) criteria belong to the common
biologic parameters. Common features of seizure symp-
toms are bilaterality, preponderance of trunk motor
symptoms, suddenness of commencement and termina-
tion, and lack of vegetative phenomena as well as
sensory and psychic experiences. These common fea-
tures contrast with the differential criteria, which have,
in each case, a distinctive age of onset and a specific
syndrome-related symptomatology. Furthermore, there
are differences in the natural course and the therapeutic
response of the different generalized epilepsies.

There are several neuropathologic reports about
epilepsies in general, with a broad range of nonspecific
findings concerning etiology; but there are only a few
syndrome-related neuropathologic studies. The dis-
crepancy between clinical relevance and frequency of
generalized epilepsy syndromes, and the small number
of pathologic studies is striking (Table 1).

Nearly 40 studies of infantile spasms have been
made, with a total of about 160 cases, but there are
only four studies of the Lennox-Gastaut syndrome with
17 cases, three reports of childhood absence epilepsy
with 14 cases, and two reports of juvenile myoclonic
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epilepsy with four cases.

A lack of sufficient neuropathologic data leads to the
assumption that the brain is unaffected—e.g., in pri-
mary (idiopathic) generalized epilepsies—on the basis
mainly of neurologic and EEG findings. A preliminary
study of generalized epilepsies using magnetic reso-
nance imaging shows, however, a high rate of atrophy,
even in the so-called primary (idiopathic) generalized
epilepsies (Table 2).

These extratemporal atrophies are predominantly
localized in the parietal region. There seems to be no
correlation with occurrence or frequency of generalized
tonic-clonic seizures.

This paper relates the neuropathologic findings of
our own studies and those in the literature to the
different syndromes. It is intended to define from the
pathologic point of view the common features and
differentiating criteria of these epilepsies with age-
dependent seizures. '

INFANTILE SPASMS (WEST SYNDROME)

In our study of 24 brains of children who suffered
from West syndrome, the clinical seizure syndrome was
very narrowly defined.!

Age at onset ranged from 2 to 12 months (average
age, 3.5 months). As expected, we noted a broad
spectrum of morphologic changes. Metabolic diseases
were found in some patients, as well as various de-
velopmental disturbances ranging from severe malde-
velopments, such as encephalocele, to very slight
disturbances of the neural architecture, termed micro-
dysgenesis (Figure 1).

Among the ischemic lesions, we found a large variety
of changes, including circumscribed areas of complete
necrosis, which appeared in some cases as porencepha-
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TABLE 1 TABLE 3
NEUROPATHOLOGICAL STUDIES OF PATIENTS WITH NEUROPATHOLOGICAL FINDINGS IN PATIENTS WITH
GENERALIZED EPILEPSIES WITH AGE-DEPENDENT SEIZURES INFANTILE SPASMS, AND THE TIME OF THEIR
MANIFESTATION
Number Number Number
of of in Embryofetal lesions (n=6)
reported reported current Microdysgenesis (n=3)
Syndrome studies cases study Pachygyria
. e == Encephalocel
Infantile spasms 40 163 24 Metabolic
Lennox-Gastaut syndrome 4 17 12 . 5 ! ’
Childhood absence epilepsy 3 14 12 I:mhryoferal and ‘pcn/pnsmat;\l lesions (n=10)
(pyknolepsy) MlCr()gly‘SggnCSIs (n=9)
Juvenile myoclonic epilepsy 2 4 3 Hc“terotopm )
(impulsive petit mal) Micrencephalia

Microgyria

Neuronal necrosis
S,, S

TABLE 2 s

MORPHOLOGICAL FINDINGS WITH MAGNETIC RESONANCE :Av?r';;,lr“l;ft:: 1:3““’““
TOMOGRAPHY IN GENERALIZED EPILEPSIES ‘ o ons

Cerebellar atrophies

: Peri/postnatal lesions (n=8
Neocortical atrophy ett/postnatal lesians ( )

— —  Cerebellar Neuronal necrosis
n  Localized  Diffuse atrophy Scars
—_— = — RS Lobular sclerosis
Juvenile myoclonic epilepsy 16 8 3 3 Porencephalia
Childhood absence epilepsy 7 5 2 1 White matter sclerosis
Lennox-Gastaut syndrome 3 — 2 Cerebellar atrophies

lia, lobular sclerosis, ulegyria, and selective neuronal neuronal necrosis, which in particular has been inter-
necrosis, either localized or widespread, slight or severe  preted mainly as a consequence of seizures. No corre-

(Table 3). lation was found between tonic-clonic seizures and
That ischemic lesions are among the causative fac- selective neuronal necrosis (Table 4).
tors of West syndrome is even shown in the selective Furthermore, no correlation was noted between du-

ration of hypsarrhythmia
and selective neuronal ne-
crosis (Table 5). This indi-
cates that the pattern and
extent of ischemic lesions
are not influenced by the
duration of the neurophy-
siologic activity itself.

On the other hand, it is

s K 1 ituse orfocal increase of aystopic newrons remarkable that there ap-
b [3 2. Protrusions of nerve cells )
o 2 Pits and hollows peared to be no correlation
& s 4. Subpial groups of nerve cells o i %
ibb % 5. Architectural disturbances of deeper cortical layers between the dlStrlbUtlon
st 6 Difiuse border zones pattern of the lesions and

7 Dystopic nerve cells in the white matter

the distinct clinical course
of West syndrome. Indepen-

o
90 o ;
/: o :°° o c§>g°°o°° \I dent Of the type Of selzure,
[ . . .
R at the beginning of the epi-

o © Q ML lepsy and during the transi-

Sy 2w 9o tion to myoclonic astatic

by ‘: ¥ Tt P petit mal, we noted a heter-

° ogeneous distribution pat-

tern of ischemic lesions of

FIGURE 1. Heteromorphism of the microdysgenesis. the  neocortex,  hippo-
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campus, thalamus, and cer- TABLE 4

ebellum (Table 6).

In spite of the confused
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RELATIONSHIP BETWEEN GENERALIZED TONIC-CLONIC SEIZURES AND THE OCCURRENCE
OF “EPILEPTIC LESIONS” (SELECTIVE NEURONAL NECROSIS)

manifold neuropathologic
findings, three main catego-

Patients with selective neuronal necrosis

X , i Ammon’s

ries can be perceived, if one Stem n hom Thalamus ~ Cerebellum  Brain
l(.)OkS at time of n}anlfestg— Patients with generalized tonic-clonic 17 8 8 6 3
tion. One group is assoCi-  eizures

ated with exclusively em-

bryofetal lesions, a second Patients without generalized tonic- 7 3 3 1 2

, R . clonic seizures
group with a combination of

embryofetal and peri/post-

natal lesions, and a third

with only peri/postnatal changes. In our material, a
third of the patients have early embryofetal lesions,
which can be morphologically demonstrated. If our
arrangement of lesions according to time of manifesta-
tion is applied to the cases reported in the literature, we
find the same range within the group of isolated
peri/postnatal lesions, but a lower number (approxi-
mately 50%) of embryofetal lesions (Table 7).

Moreover, there is a high proportion of unchanged
brains (11%). This is quite contrary to our observations
and might be due to the fact that most of the investigators
are not sure about the relevance of microdysgenesis. But
in conclusion, it is remarkable that one half to two thirds
of all cases have identifiable embryofetal lesions.

From our material, eight cases had no histologically
identifiable developmental disturbances, and seven of
these eight had possible prenatal risk factors. Lack of
morphologic proof in these cases could be due to the
severity of ischemic lesions being significantly higher in
the group with only peri/postnatal lesions as compared
with the group with isolated embryofetal lesions (Table
8).

The severity of the ischemic changes could prevent
slight neuroarchitectural disturbances from being ob-
served.

Furthermore, this group has a special clinical aspect.
The severe ischemic lesions seem to have had a
dominant influence on the time of manifestation of
West syndrome. The age at onset of seizures for the two
groups with embryofetal lesions is significantly earlier
than in the group with ischemic lesions (Table 9).

LENNOX-GASTAUT SYNDROME

We were able to study 12 brains of patients with
Lennox-Gastaut syndrome. The age at onset of seizures
ranged from 1.5 to 5 years (average, 3.1 years).? Only
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TABLE 5

DURATION OF HYPSARRHYTHMIA, AND FREQUENCY AND
SEVERITY OF “EPILEPTIC LESIONS” (SELECTIVE NEURONAL
NECROSIS, EPN)

Age at death Severity Topography
Duration (months) of EPN of EPN
12 months 78 0 —
42 ++ AH, TH
42 (+) TH
6-12 months 10 0 —
23 ++ AH, TH, CB
15 (+) BS
2-6 months 10 0 —
11 (+) AH
11 ++ AH

Grade: O=nothing; (+)=mild; + =moderate; ++=severe
AM=Ammon’s horn; TM=thalamus; CB=cerebellum; BS=brain stem

TABLE 6

DISTRIBUTION OF SELECTIVE NEURONAL NECROSIS IN
PATIENTS WITH INFANTILE SPASMS AND DIFFERENT
CLINICAL COURSES

NC AH TH CB
GM = IS—> MA X X X
IS—- GM - MA X X X
IS ‘ X X X
GM — IS — MA X X X
BNS — GM X X X
GM — BNS X X X
BNS - GM — MA X X X

NC=neocortex; AH=Ammon’s horn; TH=thalamus; CB=cerebellar cor-
tex; GM=grand mal (generalized tonic-clonic) seizures; IS=infantile
spasms; MA =myoclonic-astatic seizures; X=affected region

a few neuropathologic reports of the Lennox-Gastaut
syndrome have been published at the present time.
From the clinical point of view, prenatal etiologic
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TABLE 7
DISTRIBUTION OF THE MANIFESTATION TIME OF THE
PATHOLOGICAL CHANGES IN WEST SYNDROME

%

107 cases!S:18-54 24 cases’
With embryofetal lesions 44 25
With embryofetal and 7 42
peri/postnatal lesions
SUBTOTAL (51) (67)
With peri/postnatal lesions 38 33

With no pathologic changes 11 —

TABLE 8
SEVERITY OF ISCHEMIC LESIONS IN PATIENTS WITH
INFANTILE SPASMS

No. patients with

No. patients with microdysgenesis

Severity of only selective and selective
ischemic lesions neuronal necrosis neuronal necrosis
Grade 4 2 1

{most severe)
Grade 3 5 2
Grade 2 1 3
Grade 1 0 4

(least severe

Difference between groups= P=0.025.

TABLE 9
TIME OF ONSET OF LESIONS AND INFANTILE SPASMS
Group 11 Group 111
Group 1 No. embryofetal No. of
Age of onset  No. embryofetal and peri/postnatal peri/postnatal

(month)

0-4 1
24 5
46 —
6-8 —
8-10 —
10-12 —

lesions (n=6) lesions (n=10) lesions (n=8)

|| o
—oew ||

"P>0.1 (not significant) for groups I and I, P=<0.01 (significant) for groups
11 and III.

factors were found in 15%. In most cases, severe brain
pathology was found in this group, including tuberous
sclerosis, cerebellar myoclonic dysenergia, Reese syn-
drome, puerperal eclampsia, cataracta congenita, chro-
mosome anomalies, and metabolic diseases.

Perinatal brain lesions were found in 20% of patients
who had birth trauma, asphyxia, and jaundice of
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newborns. Postnatal brain lesions were seen in 15%
with encephalitis, unspecific encephalopathies, and
degenerative diseases. In an additional 30% to 40% of
patients, symptomatic etiology was assumed without a
clear-cut etiologic indication in each individual case.

Severe brain changes and metabolic diseases were
not found in our group. Analysis shows that 10 of 12
brains had acute or chronic ischemic lesions (Table 10).

The cerebellum was affected in all these cases. Five
patients had additional lesions. Three of these had
cardiac arrest and reanimation, and one patient had a
chronic meningoencephalitis with neocortical scars
due to extracerebellar lesions. The different ages of the
lesions indicated their different etiologies. In one case,
simultaneous cerebellar and extracerebellar lesions sug-
gested a perinatal origin, which correlated with a
history of difficult delivery.

A detailed analysis of type, distribution, and age of
the cerebellar lesions showed in four cases a lobular
atrophy and in six cases cerebellar atrophy of the
Purkinje cell type (Table 11).

The lobular atrophies showed a different phyloge-
netic pattern, with involvement of neocerebellar and
archicerebellar parts. Atrophy of the Purkinje cell type
was predominantly located within the neocerebellum.

The striking frequency of cerebellar atrophy in this
syndrome, which was observed neither in the primary
generalized epilepsies nor in the West syndrome, needs
to be examined further in respect to etiology. There
seemed to be no correlation with grand mal seizures,
nor with phenytoin intoxication.

The neocerebellar Purkinje cell atrophy could indi-
cate an inborn cerebellar atrophy. Psychomotor retar-
dation, a characteristic of inborn atrophies, was seen in
five out of six of our patients. In spite of these clinical
observations and the phylogenetic pattern, the atro-
phies in our patients seemed not to be congenital. In
general, inborn atrophy shows a macroscopically visible
hypoplasia, which was not observed in these cases.

Viana and coworkers® reported on three cases of
Lennox-Gastaut syndrome that showed diffuse Purkinje
cell atrophy; two of these revealed additional lobular
atrophies. One case from De Biase and Guaraldi
showed a prominent cerebellar hemiatrophy. It is
remarkable that the few additional cases reported in the
literature also had cerebellar lesions. Cerebellar pathol-
ogy appears to be a prominent feature of this syndrome.

Nine of 12 cases had developmental disturbances.
Seven of these had microdysgenesis, mainly with a
diffuse increase of nerve cells in the molecular layer.
More severe disturbances of deeper layers, as shown in
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TABLE 10

PATHOLOGICAL FINDINGS IN 12 PATIENTS WITH LENNON-GASTAUT SYNDROME

age of 7.5 years. Three cases
had juvenile myoclonic epi-

Hypoxic-vascular lesions

lepsy (impulsive petit mal)
with onset at a mean age of

Brain _cB 15.5 years.5:6
Case weight(g) NC AH TH D M P MO CC OCN Microdysgenesis Malformation Neuropathologic study
) 1210 + showed  normal  brain
2 1220 + weights. Four patients had
i iggg N 1 . i + hypoxic vascular lesions,
5 1440 + 4 + two after cardiac arrest and
6 1190 + 4 + two after severe arterioscle-
! 1600 S . + rotic changes in basal
8 1000 + + + .
9 1090 + . o+ 4 + vessels of the brain. Two
10 1265 + 4 + patients had systematic pa-
11 1235 + raneoplastic cerebellar atro-
12 1400+ I + aneopiastic ©

phies. Atrophy of unknown

NC=neocortex
AH=Ammon’s horn
TH=thalamus

D=other diencephalon
M=mesencephalon
P=pons

MO=medulla oblongata
CB=cerebellum
CC=cerebellar cortex
CN=cerebellar nuclei

West syndrome, could not be demonstrated in this
syndrome. Only one further case had nodular hetero-
topias, and one case had microencephaly. Three
fourths of the cases had lesions that were related to the
embryofetal period, but only four cases had a history of
difficult pregnancy or a family history of epilepsy.

PRIMARY GENERALIZED EPILEPSIES

The common clinical feature of the two syndromes
with age-dependent seizures, discussed in this article, is
tonic-clonic seizures upon awakening. Twelve patients
had childhood absence epilepsy with onset at a mean

TABLE 11
TYPE, TOPOGRAPHY, AND AGE OF CEREBELLAR LESIONS IN
PATIENTS WITH LENNOX-GASTAUT SYNDROME

Acute/
N Topography subacute  Chronic
Lobular atrophy
2 neocerebellum 2
1 archicerebellum 1
1 diffuse 1
Purkinje cell atrophy 6  neocerebellum 1 5
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origin affecting the caudate
nucleus was correlated with
an extrapyramidal syndrome.

The most remarkable
finding was microdysgenesis
in 13 of 15 patients (Table
12). In two cases, the qual-
ity of the material did not
permit diagnosis.

A full range of microdysgenesis has been shown in
West syndrome (Figure 1). In primary generalized
epilepsies, a dominant feature was the diffuse increase
of neuron density with some local protrusions and
diffuse cortical borders. Deeper cortical layers were not
affected. Only two patients had a striking columnar
architecture of the extratemporal cortex. Cohen? and
Bridge8 reported no findings in their two cases. Janz and
Neimanis® reported one case with juvenile myoclonic
epilepsy and grand mal of awakening. They described
widespread ischemic lesions, which might be conse-
quences of cardiac atrest, and were the first to discuss
developmental disturbances in this syndrome, describ-
ing dystopic Purkinje cells in the cerebellum.

In summary, the brains in primary generalized epi-
lepsies were not unchanged. Slight neuroarchitectural
disturbances were predominant. It was remarkable that
no case had seizure-related ischemic lesions despite a
high frequency of seizures in some cases.

EMBRYOFETAL ETIOLOGY AND MICRODYSGENESIS

Embryofetal etiologic factors correlating with micro-
dysgenesis were prominent findings in generalized epi-
lepsies. The microdysgenesis qualitatively exhibited a
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TABLE 12

NEUROPATHOLOGICAL FINDINGS IN PATIENTS WITH PRIMARY GENERALIZED (IDIOPATHIC) EPILEPSIES

Brain
weight(g)

Age

Childhood absence epilepsy
| 17 1470
23 1400
3 23 1470
4 25 1295
5 39 1410
6 41 1830
1 41 1490
8 47 1330
9 57 1390
10 71 1250
11 72 1130
12 2 1450
Juvenile myoclonic epilepsy
13 22 P
14 32
15 50

++++++++++4+

1350 +

Microdysgenesia

Systematic
atrophy Trauma

Ischemic
lesions

Malformation

wide spectrum of changes, ranging from fine to diffuse
increases in nerve cell density of the stratum molecu-
lare and white matter, to marked protrusions, with a
disturbance of the architecture of underlying layers of
the cortex (Figure 1). They seemed to be divided
differently in the separate syndromes. The significance
of microdysgenesis is very controversial.!%:11 This is
due, among other factors, to the fine and diffuse
changes in cell density, which are difficult to delineate.
A morphometric study of nerve cell density was there-
fore carried out in order to get a valid picture or these
fine architectural changes. Nerve cell density of the
stratum moleculare of the gyrus frontalis superior (area
9), the gyrus temporalis superior (area 22), and the gyri
occipitales (area 18) was calculated for all four syn-
dromes. The cell density of the white matter of the
gyrus frontalis inferior (areas 10, 45, 46) was also
calculated for the primary generalized epilepsies. The
morphometric methods have been described in several
published studies. 61213

Nerve cell density shortly after birth was about
15,000 cells per mm>. During the first two years of life,
the number of cells decreased markedly. After the
second decade, there followed a period of constant cell
density, with a mean of 5000 cells per mm’, which
decreased slightly in the seventh and eighth decades
(Figure 2).

The first marked decrease in cell density corre-
sponded to a reciprocal increase in brain weight (Figure
3) and cortical volume (Figure 4).

Increase in density was thus due to development of
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FIGURE 2.
(frontal lobe).

Neuron density in the stratum moleculare

the neuronal surface/outgrowth of the dendrites and
glial neuropils. The renewed slight decrease in density
during the last decade of life was partly a result of the
differing water-binding capacity of the brain. This
latter is also age-dependent, and it results in different
changes in volume during processing (fixation, embed-
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Brain
Weight
() A West-Syndrome A Controls
1,200 =
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800 —
-
sw —
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Age (months)
FIGURE 3. Increase of brain weight with age in controls
g g

and in patients with West syndrome.

ding, staining).

There are only two previous reports with counts of
the cell density of lamina I, made using the brains of
middle-aged subjects. This could correspond to our
phase during which the cell density was constant.
Schlote!4 reported 5000 cells per mm’ in the frontal
cortex, without indicating the area more precisely.
Haug et al'5 found 4000 cells per mm’ in area 11.
Therefore, the counts of our studies agree.

The group of the primary generalized epilepsies had a
higher cell count in the stratum moleculare (Figure 2).
Values in the third decade were twice as high as in
controls of a corresponding age. Moreover, there was a
notable difference in cell density as compared with that
in controls, with density considered as dependent on
age. Cases with primary generalized epilepsy had a
decrease in density between the fourth and fifth dec-
ades, but not, as in the controls, between the fifth and
eighth decades. This phenomenon could either be due
to the greater vulnerability of dystopic neurons (and
could thus be an expression of an earlier aging process)
or it could be an expression of a delayed postmaturing
effect. On the whole, the morphometric study con-
firmed that the cell density of primary generalized
epilepsies is significantly higher than that in normal
brains.

Because of the age distribution in patients with
Lennox-Gastaut syndrome, only the third decade could
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Molecular
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FIGURE 4. Increase of the diameter of the stratum

moleculare in patients with West syndrome and in controls.

be studied. This group included four cases with a
significant increase in nerve cells. Two cases had
density values that lay in the range of those in the
controls (Figure 2).

In evaluating cell density in patients with West
syndrome, it must be realized that we are dealing with
the developmental period in which there is a marked
change in cell density depending on changes in brain
weight and volume. The increase in brain weight and
volume in patients with West syndrome was markedly
less than that in controls of the same age (Figures 3 and
4), but the development of nerve cell density was not
significantly different. The same marked decrease in
density in the first two years of life was seen in the
epilepsy group as well as the control group (Figure 5).

However, when the absolute cell count was recalcu-
lated from the different change in volume, a lower
absolute cell count was found in patients with West
syndrome. This finding and the fact that in this
syndrome more frequent architectural disturbances of
the deeper cortical layers are observed gives rise to
special problems of etiology. First, the changes in brain
volume, which correlated with a lower cell count, can
in West syndrome be caused by early cell loss and
retarded development of the neuronal surface. Indica-
tions of an impaired development have already been
made by Huttenlocher.!¢ Second, the reduced cell
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cases with diffuse increase of
density, these cells appear
to be predominantly of the
golgi II type. The origin of
microdysgenesis seems thus

L1000 250

to be influenced by two
mechanisms that are possi-
- bly differently involved in

the wvarious epilepsy syn-

dromes and can be an
expression of different etio-
5 T T T T T T T ] 500 200 i
3 ] : 1 T 1 I . 1 pathogenetic factors.
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8 y CONCLUSION
FIGURE 5. Neuron density, diameter and brain weight in the stratum moleculare (frontal R e
lobe), in patients with West syndrome and in controls. o
Summarizing the mor-

count in West syndrome could indicate a different,
perhaps exogenous, etiology of brain changes, which
could thus be differentiated from the etiology of cases
with primary generalized epilepsies and some cases with
Lennox-Gastaut syndrome.

Measurement of cell density in the white matter of
the gyrus frontalis inferior likewise showed a significant
increase in cell density in patients with primary gener-
alized epilepsy, when compared with controls of the
same age.!?

Two areas with dystopic nerve cells (stratum mole-
culare and the subcortical white matter) can thus also
be morphometrically ascertained (Figure 6).

Should dystopic neurons indicate disturbed migra-
tion and should a common etiopathologic factor be
responsible, then the point in time when the patho-
logic influence has an effect should be between the fifth
and seventh months.

How can differences in the expression of microdys-
genesis between the West syndrome and the primary
generalized epilepsies be explained? Wolf et all?
showed that there are two different mechanisms of
cortical development. The predominant mechanism
(the inside-outside principle) applies only to the exci-
tatory golgi neuron (type I). On the other hand, the
cortex is continuously populated by golgi type II neu-
rons in, for example, nonpyramidal nerve cells, which
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phologic findings diagrama-

tically, we find secondary generalized epilepsies at one

extreme, or pole, and primary generalized epilepsies at

the other. We thus obtained a diagram with two
anticlinal lines that cross each other (Figure 7).

The phenomenologic expression of a secondary or

primary generalized epilepsy depends upon type and
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primary generalized epilepsies.
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FIGURE 7. Morphology of generalized epilepsies in respect

to etiology.

extent of microdysgenesis. We found diffuse nonpyra-
midal dystopic neurons most prominent in primary
generalized epilepsy. On the other hand, more focal,
deeper layers affecting developmental disturbances
were seen in secondary generalized epilepsies. Parallel
to the microdysgenesis runs the curve of causative
exogenous hypoxic vascular lesions. It must be noted,
however, that in individual cases, prenatal distur-
bances of development and peri/postnatal ischemic
lesions can be complementary to each other.

The extent and quality of pathologic changes of the
gray matter can determine the respective epilepsy
syndrome. A fine disturbance of brain development
(diffuse microdysgeneses) certainly permits late pene-
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