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Abstract

Purpose: We retrospectively studied patients with myoclonic-
astatic epilepsy of early childhood (MAE) to investigate the most
effective treatment and long-term seizure and intellectual prog-
nosis.

Subjects: Eighty-one patients with MAE were recruited from
among 3600 patients with childhood epilepsy according to the
ILAE criteria of MAE.

Methods: We retrospectively investigated the clinical character-
istics and ultimate prognosis of the patients with MAE from the
medical records. The effects of various antiepileptic drugs, keto-
genic diet and ACTH treatments on myoclonic-astatic seizures
(MS/AS), apparently a hallmark of this unique epileptic syn-
drome, were also studied.

Results: MS/AS in 89% of the patients disappeared within 1to 3
years despite initial resistance, but generalized tonic-clonic or
clonic seizures {G(T)CS] tended to continue. The most effective
treatment for the MS/AS was ketogenic diet, followed by ACTH
and ESM. At the last follow-up, 55 patients or 68% of all the pa-
tients had remission of epilepsy, 11 patients or 14% experienced a
recurrence of GTCS after a long remission period but easily re-
gained control, and the remaining 15 patients or 18% continued
to have seizures and intellectual outcomes were poor. In one half
of these patients with poor outcomes, repeated minor epileptic
status and nocturnal generalized tonic seizures persisted. A fam-
ily history ef epilepsy and a combination of minor epileptic sta-
tus are risk factors for poor outcomes.

Conclusion: MAE is considered to form a clinical spectrum rang-
ing in its main seizure type from myoclonic to atonic, and in sei-
zure and intellectual outcomes from benign to malignant. The
overall prognosis, despite initial resistance to treatment, appears
to be much better than originally thought when ILAE definitions
excluding SME are followed.
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Introduction

Myoclonic-astatic epilepsy of early childhood (MAE) was first
described by Doose and has been included as cryptogenic or
symptomatic epilepsy with myoclonic-astatic seizures in the In-
ternational Classification of Epileptic Syndrome {8,34]. It has
long been argued about the classification of cryptogenic or idio-
pathic myoclonic epilepsies during childhood [1,2,4-6,10-12,
18,20,23,35], and the current ILAE has finally recognized four
distinct epileptic syndromes including MAE, benign and severe
myoclonic epilepsy in infants defined by Dravet [11,12], and
cryptogenic (myoclonic variant of) Lennox-Gastaut syndrome
{LGS) [34], although the last one is not a true myoclonic epilepsy.
Although there have been a number of publications on the clini-
cal and EEG characteristics in the latter three syndromes from
many different authors [3,13,22,29,31,33,36], MAE has received
attention mainly in relation to nosological issues and few de-
tailed studies have been done, except for those by Doose and his
coworkers [6-9,15,17,21,26,32]. One of the main values of syn-
drome classification is that it enables physicians to predict out-
comes as well as select treatments specific for the syndrome. Es-
pecially since half of MAE patients have an unfavorable clinical
course [8], it is crucial for clinical practice to identify better treat-
ment strategies as well as the expected outcomes of this epilep-
tic syndrome. The present study applied the international syn-
dromic classification system to patients with childhood epilep-
sies consulting our clinic, identifying those fulfilling the defini-
tion of MAE, then retrospectively-studied the response to treat-
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ment of myoclonic-astatic seizures and long-term mental devel-
opment and seizure outcome.

Subjects

We recruited patients who fulfilled the criteria for MAE defined

by the ILAE [34] from among 3600 patients registered in the da-

tabase as having epilepsy. All of these patients had consulted our

hospital between April 1968 and 1992. The ILAE criteria for MAE

are as follows:

1. Normal development before onset of epilepsy and absence of
organic cerebral abnormalities.

2. Onset of myoclonic, myoclonic-astatic seizures or astatic sei-
zures {MS/AS) between 7 months and 6 years of age.

3. Presence of generalized spike- or polyspike-wave EEG dis-
charges at 2-3 Hz, without focal spike discharges. .

4. Follow-up for more than three years.

5. Exclusion of severe and benign myoclonic epilepsy in infants
{(SME, BME) as well as cryptogenic Lennox-Gastaut syndrome
{LGS) based on ILAE definitions.

The exclusion of SME is mainly based on the clinical evolution
lacking the following characteristics: the onset of epileptic sei-
zures hefore the age of 1, repeated febrile or afebrile prolonged
unilateral and generalized seizures, appearance of complex par-
tial seizures after 1 year of age [31]. That of BME is mainly based
on the presence of other seizure types than massive myoclonus,
except for febrile convulsion [11]. Cryptogenic LGS is differenti-
ated from MAE by the combination of generalized tonic seizures
as a main seizure type during the early clinical course [3,13,29].

Methods

We retrospectively investigated clinical characteristics and evo-
lution of MAE including seizure and intellectual prognosis, as
well as responses to various medical treatments from the medi-
cal records. The seizure type was ascertained based on either the
description given by surrounding adults including medical staff
or on video-ictal EEG or polygraphic recordings. Routine EEG per-

M Age at onset of MS/AS(N=82)
D Age at last MS/AS (N=77)

Fig.1 Age at onset and last M5/AS. Age at
onset of MS/AS, represented by black bar,
scattered from 7 months to 5 years with a
peak age at 2 to 4 years. Age at the last M5/
AS represented by mesh bar scattered from
1 year to 12 years with a peak age at 2to 6
years.
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formed approximately every 6 months and ictal EEGs were also
studied.

The effects of various antiepileptic drugs, ketogenic diet and
ACTH treatments on the MS$/AS, apparently a hallmark of this
unique epileptic syndrome, were analyzed. Effectiveness of the
treatments were according to the following criteria: Excellent:
disappearance of MS/AS, Good: > 50% reduction of MS/AS, Poor:
< 50% reduction of MS/AS, Aggravated: > 50% increase of MS/AS,

The intellectual outcome was evaluated on the basis of the intel-
ligence quotient test (IQ test = Modified Binet IQ or WISC-R) and
educational achievement for those patients with no available
psychometric data. Patients were considered normal if IQ was
over 80, borderline to mild if 1Q was between 60 and 79, moder-
ately retarded if 1Q was between 30 and 59, and severely re-
tarded if IQ was under 30.

By comparing the various clinical characteristics, we attempted
to identify risk factors for poor seizure outcome capable of pre-
dicting the prognosis at the onset of MAE. y2-test or Fisher's exact
probability test was used when n was less than 5 and ANOVA
testing was used for comparisons. P <0.05 was considered signi-
ficant.

Results

Eighty-one patients fulfilling the criteria for MAE were included
in this study. The follow-up period ranged from 36 to 320 months
with a mean of 130 + 73 months. There were more boys than gitls
by a ratio of 61: 20. Family histories of epilepsy {n=11), febrile
convulsions (FC, n=15) and other seizures (n=2) were seen in
28 patients accounting for 35% within 3rd degree relatives. Onset
of epilepsy ranged from 6 months to 52 months of age with an
average of 32 + 9 months. Age at onset of M5/AS ranged from 7 to
63 months with a mean of 36 11 months (Fig.1). First seizure
type other than MS/AS was always generalized tonic-clonic or
clonic seizures [G(T)CS). seen in 63 patients or 78% of the pa-
tients. The interval between the first G(T)CS and the MS/AS
ranged from O to 35 months with a median period of 1 month.
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Fig.2 Ictal simultaneous video-polygraph of generalized (tonic)-clonic seizures. a Ceneralized tonic-clonic selzures; The patient was a 3-year-
old boy with favorable MAE (shown in Fig. 6). During sleep, he suddenly developed GTCS, characterized by sudden extension of both arms and
clonic jerks of the trunk several times followed by tonic-clonic activity lasting for 4 minutes. Ictal video showed diffuse clonic activity of the whole
body with extension of both arms (A, starting video), which gradually became smaller (B), and terminated (C).

Clinical seizure manifestations

MS/AS was precisely investigated by video-EEG (n=5), poly-
graph (n=2) or video-polygraph (n=22) in 29 patients. They
consisted of myoclonic seizures in 17 cases, brief atonic seizures
with or without preceding minor myoclonus in 11 cases and my-
oclonic-atonic seizures in 3 cases (3 cases had two seizure types).
Although the type of MS/AS in the remaining 48 patients was as-
sessed from the patients’ history, seizure type analysis and long-
term follow-up appeared to be reliable since 70% of patients
were admitted to our hospitat for detailed investigation of the
epilepsy at the onset of epilepsy. Thirty-nine patients had astatic
seizures, described as head-nodding attacks or drop attacks with
immediate recovery and 18 patients had myoclonic seizures.
Over all, drop attacks involving falling to the ground due to the
seizure were recognized in 52 cases (64%) by either ictal moni-
toring or history. With respect to the seizure characteristics, my-
oclenic or atonic seizures occurred during waking in 70 cases or
86%, during sleep only in three each and in both the waking and
sleeping state in the remaining 8. The attacks occurred daily in
57% of patients having less than 10 attacks per day, 31% having
10 to 50 attacks per day, and 12% having more than 50 attacks
per day.

The most frequent accompanying seizures apart from MSJAS
were G(T)CS seen in 75 patients (Fig. 2a). Although it was diffi-
cult to estimate the exact number of patients, the brief GCS re-
sembling the repetition of massive myoclonic attacks was clearly
recognized. It was characterized by rhythmic opening of the
mouth, arms and legs, suddenly collapsing backward on the floor
and starting when the patient was sitting (Fig. 2b). In 52 of 75
patients, G{T)CS occurred during both waking and sleep. Gener-
alized tonic vibrating seizures with a few clonic components
were confirmed in the later clinical course in those patients with
unfavorable outcome (Fig. 3). Atypical absence seizures corre-
sponding to runs of generalized irregular spike-and-slow waves
at 2-3 Hz were seen in 44 patients (Fig.4a). Eighteen of these
patients also had recurrences of prolonged clouding of con-
sciousness with random segmental myoclonus whose ictal EEG
showed disorganized marked slow background activity with
random spike and wave discharges, identical to the status of mi-
nor seizures or minor epileptic status (Figs. 4 b, 4¢). This peculiar
seizure tended to start after awakening from sleep and lasted for
hours.
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Fig.2b Generalized clonic seizures. The patient was a 4-year-7-month-old girl with unfavorable MAE. The polygraph showed sudden appear-
ance of diffuse irregular spike-and-waves followed by EMG artifact and irregular thythmic spike-and-slow discharges at 1-2 Hz lasting for 15
seconds. ictal video showed that she suddenly extended both arms in front of her body, then fell backward (A) when she was sitting. This was

immediately followed by clonic jerking of the trunk and both legs (8,C) as well as rhythmic opening of the mouth and finally by entire body
movement at D.
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Fig.3 Ictal simultaneous video-EEG of noctumal generalized tonic vibrating seizure. The patient was an 11-year-10-month-old boy shown in
fig. 8. The EEG showed the sudden appearance of runs of generalized spike and waves followed by recruiting fast discharges, which were imme-
diately obscured by EMG artifacts. In the ictal video, he showed gradual tonic flexion of both arms at A, -then tonic extension of both arms at B,
which vibrated incrementally and terminated with a few big jerks at C.

EEG findings mat background activity during the active seizure period. Photo-
The MS/AS recorded in 33 patients including 4 withictal EEGon-  sensitivity was recorded inonly 8 patients during late childhood.
ly corresponded to diffuse spike- -and-waves or polyspikes-and-
waves in ali cases. Background activity during the active seizure Seizure outcomes
period was evaluated in 72 children, of whom 66 children Age at last MS/AS ranged from 12 to 151 months with a mean of
showed stowing of background activity consisting mainly of 4- 51122 months and a median age of 46 m in 77 patients (Fig.1).
7 Hz theta rhythm. The remaining 6 were considered to have nor-  The cumulative percent remission of MSJAS after the onset of
|
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Fig.4 Ictal _EEG.of atypical absence smzures and minor epileptic status. a_Ictal EEG of atypical absence seizure. The patient was a 5-year-3-
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his mother was telling. He showed mild doudiness of consciousness with occasional random myoclonus of the extremities.
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Fig.4¢ tctal EEGs of minor epileptic status. The patient was a 15-year-1
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-month-old boy with unfavorable MAE (shown in Fig. 8). He showed mild
clouding of consciousness and reduced responsiveness corresponding to diffuse slowing background activity mixed with spike-and-wave dis-
charge, lasting for hours after awakening.

Fig.5 Actual remission curve of myoclonic-
astatic sefzures for the 81 patients with MAE.

Seventy-seven patients finally achieved re-
mission of myoclonic-astatic seizures (sel-

zure-free state for longer than 2 years).
The most predominant seizures characteriz-

ing MAE despite initial resistance gradually

disappeared or were controlled within 1
to 3 years from the onset.

Gumulative parcent remission(%)
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Months of follow-up after the onset of MS/AS

the attacks was 40% within 6 months, 63% within one year and
89% within 3 years (Fig. 5). Minor epileptic status was also resist-
ant but disappeared with MS/AS exceptin 5 patients with persist-
ent nocturnal generalized tonic or tonic-clonic seizures. Thirty-
five patients continued to have G(T)CS after remission of MS/AS.
The remaining 4 patients had persistent MSfAS at the last follow-
up. A seizure-free state Jonger than two years was artained in 55
patients or 68% of all patients by the age of 50+ 16 months or a
median age of 48 months. Remission of seizures appeared to be
spontaneous in 21 patients, because the attacks disappeared sud-
denly or progressively without any change in medication. In 11
patients, or 14% overall, recurrence of GTCS was seen after along

remission period ranging from 3 years and 8 months to 17 years
and 11 months with a mean of 9 years and 2 months + 4 years and
4 months. However, GTCS were controlled easily by reinstitution
or increase of the dose of AED. Finally, the remaining 15 patients
or 18% continued to have frequent attacks. Seven patients had
weekly nocturnal generalized tonic or tonic-clonic seizures, and
minor epileptic status fesistant to the currently available AEDs.
Five patients continued to have weekly GTCS only. Two patients
continued to have daily myoclonic seizures at the final examina-
tion. The remaining patient continued to have complex partial
seizures of frontal origin, which have developed since age 13
years, long after remission of myocionic seizures.

{



intellectual outcome

As to the intellectual outcomes, 48 patients or 59% of all the pa-
tients showed a normal IQ level at the final follow-up, 16 patients
or 20% were borderline or had mild retardation, and 17 patients
or 21% had less than moderate retardation, respectively. The 17
patients with less than moderate retardation continued to have
seizures at the final follow-up.

Responses to the various antiepileptic drugs

Antiepileptic drugs (AEDs) including valproic acid (VPA), etho-
suximide (ESM), clonazepam (CZP), nitrazepam (NTZ), ACTH
and ketogenic diet were most frequently employed to control
MS/AS. VPA, CZP, NTZ and ESM were either introduced individ-
ually or added to the preexisting drug regimen in 57, 43, 36 and
34 patients, respectively (Table 1). Among these therapies, keto-
genic diet treatment with either classical or MCT types, followed
by ACTH, ESM, CZP, VPA and NTZ in this order was most effective,
exhibiting excellent effects in 58% of the patients. Among the
AEDs, ESM was the most effective inducing a good or better re-
sponse in 64% of the patients, achieving results almost compara-
ble with those of ACTH. Although the response to treatments for

g
Table 1 Effectiveness of the various treatments for MS/AS

AEDs Excellent  Good Poor Aggravated  Total
KD 15(58) 9(35) 2(7) 0 26
ACTH 8 (36) 5(23) g(36) 1(5) 22
ESM 11332y 113 12(36) O 34
czp 6{14) 10(23) 25(58) 2(5) 43
VPA 7(12) 16(28) 34(60) 0 57
NTZ 1(3) 7(19) 28(78) O 36
Total 48 58 109 3 218

KD = Ketogenic diet, {) indicated % of effectiveness.

other seizure types was difficult to evaluate, ketogenic diet treat-
ment also appeared to be effective for convulsive and non-con-
vulsive seizures.

Identifying factors that predict an unfaverable prognosis

The following clinical findings were compared among 55 pa-
tients with a favorable prognosis, 11 patients with an intermedi-
ate prognosis (recurrences of GTCS after a long remission period
and requiring medication) and 15 patients with unfavorable out-

comes: the age at onset of epilepsy, the age at onset of MS/AS,

incidences of nocturnal seizures, atypical absence seizures,
absence status or minor epileptic status, combination of drop at-
tacks and incidence of family histories of epilepsy and febrile
convulsions (Table 2). There was a significant difference in posi-
tive family history of epilepsy and incidence of absence status or
minort epileptic status (p < 0.05).

Representative Cases

Case 1 was a 15-year-3-month-old boy with a favorable cutcome
(Fig. 6). He first developed GTCS at the age of 2 years and 3
months. Subsequently, he had recurrent GTCS and atonic drop
attacks every day. He sometimes showed a prolonged mild
cloudiness with random myoclonus diagnesed as minor epileptic
status (Fig.4b). As VPA in combination with ESM was not effec-
tive, ACTH treatment was initiated at the age of 3 years. The at-
tacks were controlled immediately except for nocturnal GTCS,
which gradually disappeared within a few months (Fig.2a). He

has been seizure-free for more than 12 years and his 1Q was 103

at the last follow-up.

Case 2 was a 21-year-7-month-old man with intermediate out-
come (Fig. 7). He developed a febrile convulsion followed by re-
currence of afebrile GTCS at age 3 years. Within a few months,
astatic seizures including head dropping or collapsing of the
body occurred every day, and were resistant to AEDs. ACTH and

| ———

Table 2 A comparison of the various elinical factors among three groups with different outcomes

Outcomes Favorable Intermediate Unfaverabie P
N 33 n 15
Boy/Girl 4114 1001 10/5 0.357N1
Age onset of epilepsy (m) 33t8§ 3219 3oz 0.4502
Age onset of MS/AS (m) 3619 3714 35114 0.9878
FH of Epilepsy + FC 4+ 142 6+2 Epl 0.0108
FC 0.8403
Epi + FC 0.1439
Seizure type
Absence 27 (49%) 6{55%) 10(67%) 0.4739
Absence status or MES 9{16%) 1{9%) 7(47%) 0.0222
Favorable vs. Intermediate 0.8887
Favorable vs. Unfavorable 0.0132
Intermediate vs. Unfavorable 0,1050
Nocturnal seizures 34(62%) 2(73%) 10(67%) 0.7697
Drop attacks 35(64%) 7(64%) 10{67%) 0.9759

Abbreviations: MS/AS = Myoclonic or atonic seizures, FH = Family history, FC = Febrile convulsions. MES = Minor epileptic status, Epi = Epilepsy
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Fig.6 Clinical evolution of a 15-year-3-
month-old boy with favorable MAE. Abbrevi-
ation: dense oblique line = active epileptic
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Fig.7 Clinical evolution of 3 21-year-7-
month-old boy with intermediate outcome.
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ketogenic diet were only partially effective. However, all attacks
gradually disappeared without any particular effect of AEDs.
GTCS recurred after a long-remission period when he did not
take VPA for one day at age 14 years and 1 month and again at
17 years and 10 months.

Case 3 was a 17-year-10-month-old boy with unfavorable out-
come (Fig. 8). He started to have GTCS at the age of 4 years and
2 months. Atonic drop attacks and atypical absence seizures de-
veloped subsequently. Although all the avaitable AEDs were not
effective, ketogenic diet treatment controlled atonic drop attacks
and reduced the number of the remaining attacks. However, sub-
sequently, nocturnal generalized tonic seizures and minor epi-
leptic status persisted and remained uncontrolled until the last
- foltow-up, leaving the patient moderately retarded (Figs. 3, 4¢).

Discussion

There have been several distinct studies and reviews regarding
cryptogenic or idiopathic myoclonic epilepsies during childhood
since the first description by Harper who reported 14 children
with true myoclonic epilepsy [18]. Harper previously described
-an astatic symptomatology that often followed violent myo-

clonic attacks, and was often resistant to antiepileptic drugs
(AEDs). Then Doose reported the detailed analysis of 50 children
with so-called centrencepahlic myoclonic-astatic petit mal [6], '
later designated as myoclonic-astatic epilepsy [8.9]. In the fol-
lowing years, Aicardi et al studied children with predominantly
myoctonic seizures and classified those without permanent neu-
rological signs into myoclonic-petit mal, petit-mal variant with
myaoclonic jerks, generalized epilepsy with myoaclonic jerks and
cryptogenic myoclonic epilepsy of childhood according to a de-
tailed study of the clinical and EEG features [1}). Subsequently,
various authors have proposed various terminologies describing
those with similar features: intermediate cryptogenic myoclonic
epilepsy of childhood because of clinical and EEG characteristics

-between idiopathic and symptomatic etiology [35], myoclonic

variant of Lennox-Gastaut syndrome (LGS) because of the combi-
nation of atypical absence sejzures or status, and slow-spike-
and-wave complexes activated by sleep sharing the features of
LGS [1,10,35). Dravet et al finally established benign myoclonic
epilepsy in infants (BME) [11] and severe myoclonic epilepsy in
infants (SME)[12] as distinct epileptic syndromes, both of which
are accepted by ILAE along with MAE proposed by Doase {34].

However, as Aicardi pointed out, the nosological confusion has
remained unsolved because of the subdivision of these epilepsies



Fig.8 Clinical evolution of a 17-year-10-
month-old boy with unfavorable MAE.
Abbreviation: Noc GCS = nocturnal general-
ized clonic seizures.
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by different methodologies based on the clinical and EEG fea-
tures or on the etiology {4]. In his latest publication, Aicardi him-
self attempts to formulate a concept in which these heterogene-
ous myoclonic epilepsies of childhood and cryptogenic LGS form
a spectrum with LGS at the malignant end and BME at the benign
end, with the myoclonic variant of LGS and MAE or other crypto-
genic myoclonic epilepsies existing at intermediate points along
the continuum [4]. In our previous studies, we reached a similar
conclusion that 60 children with cryptogenic or idiopathic myo-
clonic epilepsies and ultimately favorable outcomes appeared to
form a clinical continuum with respect to seizure and intellec-
tual outcomes that depended largely on the persistence of noc-
turnal G(T)CS rather than on MS/AS {24,25]. However, we fa-
vored considering these patients as representing one clinical en-
tity with a rather wide clinical spectrum than as an assemblage
of heterogeneous epilepsies after excluding SME.

Most authors have claimed that MAE is merely a group of heter-
ogeneous epileptic syndromes and should be limited to those in-
volving myoclonic-astatic seizures or astatic seizures [4,10,15,
17,21,35]. However, Doose himself has resisted the separation of
MAE by clinico-electrical features into many overlapping subdi-
visions [8,9]. As to the etiology of MAE, Doose and Baier exten-
sively studied the convalsive trait in families of MAE patients
and demonstrated the pathogenic importance of multifactorial
inheritance of this type of epilepsy [7]. They concluded that the
neurobiological approach for MAE would provide a clue to the ul-
timate understanding of the pathogenesis of MAE rather than
sticking to the rigidly defined syndromatic classification. Recent
advances in molecular biology have come to shed light on his
concept and are providing more concrete evidence [38].

With respect to the characteristic symptomatology of the myo-
- -~clonic/astatic seizure (MS/AS) itself, the recent advent of video-

EEG monitoring system has clarified differences in these brief
events very precisely, As we have already shown, drop attacks in
MAE consisted either of brief atonic seizure with or without pre-
ceding minor myoclonic events or flexor spasm both associated
with generalized spike-and-wave [26,27,30,32]. Thus, the asta-
tic symptomatology itself created by the heterogeneous seizure
types does not appear to be an appropriate indicator for subdi-

13 14 15 17 18

viding the epileptic syndromes [32]. In addition, we should pay
more attention to the evidence that tonic drop attacks, a hall-
mark of LGS, appear to be more common than atonic attacks
[16.19]. Thus, the exclusion of cryptogenic LGS may not be easier
unless we carefully evaluate drop attacks by taking a detailed
seizure history or by ictal video-polygraphic study.

Guerrini et al as well as Dulac et al have proposed that MAE
should be limited to those with massive myoclonic or drop at-
tacks with or without absence or GTCS excluding BME, SME and
cryptogenic LGS [15,17]. Most recently, Kaminska et al have jus-
tified their subdivision into favorable and unfavorable MAE by
multiple corresponding analysis [21}. In this study, we recruited
patients according to the ILAE defined criteria of MAE, excluding
those with BME, SME and cryptogenic LGS. Thus, our series may
include heterogeneous epileptic syndromes, which are of con-
cern to some investigators, but at least excluded other [LAE de-
fined subgroups similar to their concept.

In comparison with nosclogical issues described above, only a
few detailed studies have been performed concerning the long-
term prognosis and treatment of MAE [17,21,32). Doose has rec-
ommended the combination of valproic acid and ethosuximide
for MSJAS and primidone for GTCS [8]. In addition, he used ACTH
to treat minor epileptic status. He has also suggested the use of
bromide for the severe form of MAE, which shows clinical char-
acteristics identical to those of SME [28]. Most other authors
more or less described MS/AS as relatively resistant to therapy
but did not include further details of the treatment other than
those Doose recomménded [2,4,10,17,18,21,35,40). Despite
being a retrospective study, the present results showed that MS/

.AS were initially resistant to conventional AEDs commonly rec-

ommended for myoclonic seizures and atonic seizures. However,
Doose as well as other investigators suggested that ethosuximide
appeared to be the most favorable AED for the MSfAS, although it

was difficult to assess whether a combination with VPA was bet- .

ter [4,8.40]. The combination of ESM with VPA has been reported
to be effective for refractory absence seizures [37] and consid-
ered to have a synergic effect on absence seizures or bursts of
spike-and-wave complexes. In our previous studies as well as
the present ictal EEG series of MS/AS, these attacks all corre-
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sponded to generalized spike-and-wave complexes, similar in
part to the ictal EEG of absence seizures despite differences in
frequency and duration [26,27,30,32]. The much better re-
sponses to ACTH and ketogenic diet than to ESM could be due to
the same reason, because both treatments have been shown to
be most effective for atypical absence seizures and myoclonic
seizures but not so effective for generalized tonic seizures which
are rare in MAE [39,41]. Recently, lamotrigine has been success-
fully tried for some MAE patients [14], although we have no ex-
perience to treat MAE with this drug.

As for seizure outcomes, it is evident that the prognosis of MAE
in our series is clearly better than that demonstrated by Doose
(8,9], probably because of the exclusion of SME. In the clinical
course, we tentatively separated patients into three groups, fa-
vorable, intermediate and unfavorable outcomes, according to
the seizure prognosis. However, we should keep in mind that
even in those with a favorable clinical course, the attacks were
initially resistant to the AEDs, sometimes requiring additional
ACTH or ketogenic treatment as shown in the case reported
above. The patients with an unfavorable outcome appeared to
be identical to those reported by Kaminska et al [21], character-
ized by a combination of MAJAS, atypical absence seizures, mi-
nor epileptic status and recurrent GTCS at the early clinical
course, although later accompanied by nocturnal GTCS or GTS.
The course of patients with an intermediate outcome resembled
that of those with BME to some extent, experiencing recurrences
of GTCS after long remission periods [11].

With respect to the prognosis of the MS/AS, a hallmark of MAE,
they ultimately disappeared within 1 to 3 years after onset. Mi-
nor epileptic status was also resistant but two thirds of them dis-
appeared with MS/AS. However, generalized convulsive seizures
tended to continue, especially during sleep after disappearance
of the MS/AS. Nocturnal attacks gradually disappeared and only
18% of those finally became truly intractable. Half of those with
an unfavorable outcome were characterized by a combination of
weekly brief nocturnal GTS and daily or weekly minor epileptic
status, persisting for years, being left with moderate to severe
mental retardation. The clinical characteristics appeared to be
different from those of cryptogenic LGS because this seizure
combination was consistent in MAE with an unfavorable out-
come.

Doose himself identified the following risk factors for an unfav-
orable prognosis: onset with febrile and afebrile GTCS during the
first and second year of life, status of minor seizures, and tonic
seizures, the persistence of 4-7 Hz rhythms untit adolescence
and adulthood, and failure to develop a stable occipital alpha
thythm [9]. In our series, we confirmed that the family history
of epilepsy and the combination of minor epileptic status were
significantly higher in incidences in the unfavorable group. The
other authors also indicated the following risk factors: the pres-
ence of epileptic seizures prior to myoclonic seizures, abnormal
mental development antecedent to myoclonia, the lack of fami-
lial antecedents, the presence of tonic and absence seizures, per-
sistence of epilepsy over 3 years, vibrating tonic seizures and the
occurrence of myoclonic status |2, 21]. However, further prospec-
tive study is necessary to confirm which risk factors can legiti-
mately predict the cutcome.

During the clinical follow-up of MAE, we noticed the apparent
spontaneous remission of the attacks without changing medica-
tions in 21 cases as Doose also indicated [8,9]. In some cases,
there was a sudden disappearance of attacks while, in other cases
disappearance was gradual. In that sense, the response to treat-
ment appeared to also be influenced by the timing of treatment,
as the response was poor at the peak of the epileptic condition,
then later improved as shown by the increased remission rate
over time in patients with favorable and intermediate outcormes.

The concept of MAE still contains some nosological problems and
it may be difficult to reach a conclusion as long as we depend
largely on clinico-electrical manifestations to classify the epilep-
sies. Precise resolution of nosological issues may await the fur-
ther development of molecular biological analysis. However,
from a practical perspective, we are able to determine the appro-
priate treatment strategy and to predict the prognosis more ac-
curately. At present, MAE should be recognized as an epileptic
syndrome with a relatively wide clinical spectrum ranging in its
main seizure type from myoclonic to atonic attacks, and in the
seizure and intellectual outcomes from favorable to unfavorable.
However, the final prognosis in most patients with MAE, despite
the initial resistance, appears to be better when we follow ILAE
definitions excluding SME from the original MAE series.
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Quantitative Analysis of Benzodiazepine Receptor in Temporal
Lobe Epilepsy: ['*°I]lomazenil Autoradiographic Study of
Surgically Resected Specimens
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1Yoshiharu Yonekura
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Summary: Purpose: To evaluate the changes of the inhibitory
neurctransmitter receptor system related to epileptogenesis by
measuring central benzodiazepine receptors (BZDRs) in surgi-
cally resected specimens of temporal lobe epilepsy by using
['**I]iomazenil autoradiography.

Methods: Surgically resected specimens were obtained from
66 temporal lobe epilepsy patients [S1 with mesial temporal
lobe epilepsy (MTLE) and 15 with non-MTLE] receiving no
BZDs and seven MTLE patients receiving BZDs. BZDR den-
sities in brain sections were measured by using ['**I]iomazenil
autoradiography. Cell densities were measured from cresy! vio-
let—stained sections.

Results: Compared with non-MTLE patients, non-BZD-
treated MTLE patients showed remarkable reduction of BZDR
density in the pyramidal cell region of cornu ammonis (CA) 1,
CA3, and CA4, and a smaller but significant reduction in CA2
and the molecular and granule cell layers of dentate gyrus

(mDG). In the MTLE group, the BZDR density in the mDG
correlated with that in lateral cortex. Significant correlations
between BZDR density and cell density were found in all hip-
pocampal regions. A significant difference in BZDR density/
cell-density ratio was observed in CA1 region between MTLE
and non-MTLE. BZD-treated patients tended to have lower
BZDR densities than did non-BZD-treated patients, although
the differences did not reach significance. In all MTLE cases,
(*2*I]iomazenil singlephoton emission computed tomography
(SPECT) showed decreased BZDR binding in MTL.
Conclusions: In MTLE, BZDR densities decreased parallel
to reduction in cell density in most hippocampal subfields, but
BZDR density appeared to decrease in excess of neuron loss in
CALl. ['**Ijlomazenil SPECT might be useful for detecting in
vivo changes of BZDR density. Key Words: Temporal lobe
epilepsy—Hippocampal sclerosis—Benzodiazepine receptor—
["**Iliomazeni} autoradiography—Neuron loss.

Increasing evidence implicating abnormalities of the
excitatory and inhibitory systems in epileptogenesis has
been obtained from studies of neurotransmitters and their
receptors in the brain. One study has found a decrease of
~y-aminobutyric acid (GABA), an inhibitory transmitter,
and an increase of glutamic acid, an excitatory transmit-
ter, in epileptogenic foci in patients with temporal lobe
epilepsy, which suggests that an imbalance between the
two neurotransmitter systems contributes to epileptogen-
esis (1). The receptors for these excitatory and inhibitory
transmitters also have been actively investigated. Abnor-
malities of the GABA-inhibitory system have been
evaluated by measuring quantitative changes of GABA
receptors, such as the central benzodiazepine receptor
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(BZDR) that involves a GABA,, receptor and a conju-
gated complex including a chloride ion channel. Lower
densities of GABA, receptors and BZDR have been
demonstrated in regions closely related to the epilepto-
genic foci in animal experiments and autopsied brain
specimens (2). Some success has been attained in at-
tempts to apply these findings to clinical diagnostic im-
aging, such as using flumazenil (an antagonist to BZDR)
in positron emission tomography (PET) and iomazenil
(a partial agonist of BZDR) in single-photon emission
computed tomography (SPECT) (3). However, only a
limited number of reports have addressed the changes in
BZDR at histologic level in surgica! specimens from
epileptic patients (4-6). In particular, little information is
available regarding the use of iomazenil that has recently
been introduced into clinical practice.

In this study, we measured BZDR densities in surgical
specimens resected from 73 temporal lobe epilepsy pa-
tients by using in vitro autoradiography with ['**Iioma-
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=BENZODIAZEPINE RECEPTOR DENSITY IN TLE 1041

scale (Amersham Pharmacia Biotech, Japan), a TVIP-
4100II TV image processor, and Image -Command 4189
(Olympus, Japan). Specific binding was calculated by
subtracting the measurement of nonspecific binding from
that of total binding.

We selected regions free from damage by the elec-
trodes or operation. To obtain reference data for delin-
eating the regions of interest (ROIs), anatomic mapping
was determined based on iomazenil autoradiographic im-
ages of adjacent serial sections stained by cresyl violet.
The regions measured were cornu ammonis (CA) 4,
CA3, CA2, and CAL1 of the hippocampus, the pyramidal
cell layer of the subiculum, and the molecular and gran-
ule cell layers of the dentate gyrus (mDG) according to
Lorente de Né's anatomic system (10). For the parahip-
pocampal gyrus, fusiform gyrus, and inferior temporal
gyrus, measurements were performed in layers slightly
deeper than the cortical surface (layers I, III, and IV;
Fig. 1). Layers II to IV that were distinct and easy to
measure were selected for BZDR measurement, and the
superficial layer I was excluded for the risk of being
affected by operative artifacts. In non-MTLE cases,
BZDR densities were measured in the sections without
pathologic findings. Multiple ROIs (0.3 x 0.3 mm?, one

A

FIG. 1. Autoradiographic patterns and
neuron densities of surgically resected
specimens from patients with mesial
temporal lobe epilepsy (MTLE; A, C, and
E) and non-MTLE (B, D, and F)
receiving no benzodiazepines (BZDs).
A, B: Cresyl violel-stained sections
showing neuron density. C—F: ['*%]]lo-
mazenil autoradiograms showing distri-
bution of BZD receplor {(BZDR). CA,
cormnu ammonis; mDG, molecular and
granula cell layers of the dentate gyrus;
SUB, subiculum; PHG, parahippocam-
-pal gyrus; FUG, fusiform gyrus. The
MTLE cases show decreased accumula-
tion of BZDR binding (C) corresponding
to the severity of neuron loss {A), espe-
cially in the radial and pyramidal layers of
CA1, CA3, and CA4. The non-MTLE
case shows high accumutation of BZDR
{D) in the laminated structures of the hip-
potampus, especially in the mDG and
the motecutar;radiat;-and-pyramidal cell - -~ -4
layers of CA. The BZDR densities in the
lateral cortical regions of the temporal
lobe did not differ visually between the
MTLE and non-MTLE groups (E, F).

to 10 squares) were delineated in each region of mea-

-surement, and BZDR densities in the ROIs were aver-

aged to obtain the mean BZDR density for the region.

Cell density in hippocampal specimens

The average cell density per unit volume for each
hippocampal region was determined by using a cresyl
violet—stained serial section adjacent to that for autora-
diography, according to Dam (11). The number of pyra-
midal and granule cell nuclei in a 0.5-mm square was
counted and converted to cell count per unit volume
(1 mm>) by using Abercrombie’s estimation (12). Cell
density was measured for the same ROIs used in BZDR
measurement, and a mean value was calculated for each
region.

[**1]lomazenil SPECT

['®IJiomazenil (Nihon Mediphysics, Japan) at 167 to
222 MBq was injected interictally, and a 30-min image
acquisition was started 5 min after injection as the early
irnage considered to reflect the cerebral blood flow and
at 165 min after injection as the late image reflecting the
distribution of BZDR (13,14). With a ring-shaped
SPECT head device (HEADTOME-Duo SET070,

Epilepsia, Vol. 43, No. 9, 2002
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Shimazu, Japan), axial, coronal, and sagittal images were
obtained at slice intervals of 4.72 mm.

Data analysis

The differences in BZDR density or cell density be-
tween the MTLE and non-MTLE groups, and between
BZD-treated and non-BZD-treated cases were analyzed
with the Mann-Whitney U test. Because a normal dis-
tribution might not be found in all regions, we used the
Mann-Whitney U/ test to analyze all the regions. The
correlation between BZDR densities of the hippocampus
and lateral cortex for each region was evaluated by using
Spearman’s correlation coefficient by rank. The BZDR
density/cell density ratios were evaluated by using the
Mann—Whitney U test, because of a lack of normal dis-
tribution. The correlation between BZDR density and
cell density was evaluated by using Pearson’s correlation
coefficients in the presence of normal distribution and
Spearman’s correlation coefficient by rank in the ab-
sence of normal distribution.

RESULTS

Visual evaluation of BZDR distribution in
non-BZD-treated MTLE and non-MTLE cases

In the MTLE group in which hippocampal sclerosis
was evident, a remarkable reduction in BZDR was ob-
served in CAl, CA3, and CA4, and CA2 was relatively
spared (Fig. 1A and C). In addition, specific iomazenil
binding was greater in the subiculum than in the CA. A
wide band of high iomazeni! accumulation also was ob-
served from the granule cell layer to the molecular layer
of the dentate gyrus. In the non-MTLE group showing no
hippocampal sclerosis, BZDR density was homogeneous
throughout the hippocampus, retaining the original lay-
ered structure (Fig. 1B and D). BZDR density was par-
ticularly high in the mDG and the molecular and
pyramidal cell layers of the hippocampal gyrus.

The BZDR densities in the lateral cortical regions of
the temporal lobe did not differ visually between the
MTLE and non-MTLE groups. Bands of high iomazenil
binding were observed in layer IV, with a tendency to
decrease in the surface (I-III) and deep layers (V,VI),
and no accumulation was observed in the white matter
(Fig. 1E and F).

Compartson of measured BZDR densities between
MTLE and non-MTLE cases of non-BZD-treated cases

Measured BZDR densities (fmol/mg tissue) in various
regions for the MTLE and non-MTLE groups receiving
no BZD treatment are shown in Table 2. In the MTLE
group, BZDR density was lowest in CAI (mean + SEM,
4.21 +0.47), followed by CA3 (8.19 £ 0.69), CA4 (11.50
+ 1.15), CA2 (15.93 + 1.02), and mDG (49.53 = 3.86).
BZDR densities in the subiculum, parahippocampal gy-
rus, fusiform gyrus, and inferior temporal gyrus (layers
Ii-1V) ranged from 71 to 95. In the non-MTLE group,
BZDR densities ranged from 30 to 50 in CA2, CA3, and
CA4, and from 80 to 100 in CAl, mDG, subiculum,
parahippocampal gyrus, fusiform gyrus, and inferior
temporal gyrus. As seen in Fig. 2, BZDR densities in
CAl, CA2, CA3, CA4, and mDG in the MTLE group
were significantly lower than the corresponding densities
in the non-MTLE group (p < 0.001 for CAl, CA3, and
CA4; p < 0.01 for CA2 and mDG). No significant dif-
ferences in BZDR density were found between the
MTLE and non-MTLE groups in the subiculum, para-
hippocampal gyrus, fusiform gyrus, and inferior tempo-
ral gyrus,

Correlation of BZDR densities between regions in
non-BZD-treated cases

In the hippocampal regions of the MTLE group, a
significant and strong correlation in BZDR density was
observed between CAl and CA3 (n = 37; p < 0.0001;
r = 0.723), CA2 and CA4 (n = 35; p < 0.0001;r =
0.623), as shown in Table 3. For lateral cortical regions,

TABLE 2. Regional distribution of benzodiazepine receptor-binding densiry: MTLE vs.
non-MTLE, benzodiazepine-treated vs, non—benzodiazepine-treated cases

No benzodiazepines administration

Benzodiazepines administration

MTLE non-MTLE ] MTLE
fmol/mg 1issue + SEM (n) fmol/mg tissue £ SEM (n) fmol/mg tissue + SEM {n)
mDG 49.53 £3.86 (47) 80.54 + 8.48 (14) 30.75 £6.32 (6)
CA4 11.50 + 1.15 (48) 45.76 £ 4.50 (13) 8.73+2.85(T)
CA3 8.19£0.69 (38) 371918501 9.36 £3.94 (6)
CA2 15.93 + 1.02 (35) 30.11 £2.63(5) 13.31 £2.42(6)
" CAl 421 £047(47) 80.28 £ 7.31(15) 3.16 2 0.68(7)
SUB 70.70 £ 2.87 (50) 81.35 £6.06(15) 6397+ 7.15(7)
PHG 79.77 £ 424 (41) 94.53 + 10.14 (14) 65.74 £ 5.82 (5}
FUG 81.14 £4.21 (36) 89.45+7.02(12) 68.04 +3.19 (3}
ITG 94.67 +£6.47 (18) 10233+ 7.88(9) 74821574 (2}

MTLE, mesial temporal lobe epilepsy: mDG, molecular and granule ceil layers of the deatate gyrus;
CA, cornu ammonis; SUB, subiculum; PHG, parahippocampal gyrus; FUG, fusiform gyrus; ITG, inferior

temporal gyrus.

Epilepsia, Vol. 43, No. 9. 2002



BENZODIAZEPINE RECEPTOR DENSITY IN TLE

g0l EMTLE
* pegt [CInon-MTLE

fmaclimg tissue

mDG CA4 CA3 CA2 CAl

SUB PHG FuG MG

FIG.2. Comparison of benzodiazepine (BZD) receptor (BZDR)
binding densities in mesiat temporal lobe epilepsy {MTLE) and
neh-MTLE groups receiving no BZDs.CA, comu ammonis; mDG,
molecular and granula cell layers of the denlate gyrus; SUB,
subiculum; PHG, parahippocampal gyrus; FUG, fusiform gyrus,
ITG, inferior temporal gyrus. BZDR densities in CA1, CA2, CA3,
CA4, and mDG in the MTLE group are significantly lower than the
corresponding densities in the non-MTLE group.

significant correlation was observed among subiculum,
parahippocampal gyrus, fusiform gyrus, and inferior
temporal gyrus, except between subiculum and inferior
temporal gyrus (Table 3). Strong correlations in BZDR
density were observed between mDG in the hippocampal
region and parahippocampal gyrus (n = 38; p < 0.0001;
r = 0.702) as well as fusiform gyrus (n = 33; p <
0.0001; r = 0.620) in the latera! cortical region. No
significant correlation in BZDR density was observed
between all the regions in non-MTLE cases.

1043

Comparison of hippocampal BZDR density and cell
density between non-BZD-treated MTLE and
non-MTLE cases

Measured cell densitics (x10° neuron/mm’) in various
hippocampal regions for the MTLE and non-MTLE
groups receiving no BZD treatment arc shown in Table
4. In the MTLE group, cell densities in all hippocampal
regions were lower than those in non-MTLE. Cell den-
sity of hippocampus was lowest in CAl, followed by
CA4, CA3, CA2, and mDG. Conversely, in non-MTLE
group, cell density was lowest in CA4, followed by CA2,
CA3, CAl, and mDG. The cell densities in all the hip-
pocampal regions were significantly lower in the MTLE
group compared with the non-MTLE group (mDG, CA4,
CA3, and CAl, p < 0.0001; CA2, p < 0.01), and was
most marked in CA1 followed by CA4, CA3, and CA2.

Next, to compare the degrees of reduction in BZDR
density and neuron loss, we calculated the BZDR
density/cell-density ratios in the hippocampal regions
and compared them between the MTLE and non-MTLE
cases (Fig. 3). In CAl, the BZDR/cell ratio was signifi-
cantly lower in MTLE cases (0.0072) than in non-MTLE
cases (0.0115; p < 0.001). No significant differences
were observed in the other regions.

Correlation between hippocampal BZDR density
and cell density in non—-BZD-treated cases

Of the 66 specimens examined, both BZDR density
and cell density could be measured in CAl in 56 cases,
in CA2 in 38 cases, in CA3 in 47 cases, in CA4 in 55
cases, in mDG in 37 cases, and in parahippocampal gy-

TABLE 3. Correlation of benzodiazepine receptor density between regions in MTLE and non-MTLE

mDG CAad CA3 CA2 Cal SUB PHG FUG jyged
MTLE
mDG — n.s. ns. ns. ns. 0.502 (47)° 0.702 (38 (.620 (33)" n.s.
CA4d n.s. 0.623 (35)" ns. a.s. n.s. n.s. n.s.
CA3 — 0.552(32)° 0.723 (37)° n.s. ns. ns. n.s.
CA2 - 0.549 (34)° ns. n.s. ns. ns.
CAl — B.S. ns. n.s. ns.
SUB —_ 0.800 (41)° 0.746 (36)° n.s.
PHG — 0.795 (35)° 0.827¢17)°
FUG — 0.773 (18)°
ITG —
Non-MTLE

mDG —_ n.s. n.s. ns. ns. ns. n.s. n.s. ns.
CA4 n.s. ns. n.s. n.s. ns. n.s. n.s.
CA3 —_ n.s. n.s. ns. n.s. n.s. ns.
CA2 —_ n.s. n.s. n.s. n.s. n.s.
CAl — n.S. ns. n.s. n.s.
SUB —_ ns. n.s. n.s.
PHG — n.s. n.s.
FUG _ ns.
ITG —

Results expressed as r values (number of cases).

MTLE, mesial temporal lobe epilepsy; mDG, molecular and granule cell layers of the dentate gyrus; CA, comu ammonis; SUB, subiculum; PHG,
parahippocampal gyrus; FUG, fusiform gyrus; ITG, inferior temporal gyrus; n.s., not significant.

“p < 0.0001.
& p < 0.001,

Epilepsia, Vol. 43, No. 9, 2002
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TABLE 4. Regional distribution of cell density in
non-benzodiazepine-treated cases

MTLE non-MTLE
%10 nevrons/mm?® £ SEM (n) x10? neurons/mm? + SEM (n)
mDG 166.40x9.53 (27 307.09 £ 17.03 (10)
CAd 8.61 £0.77 (44) 43.68 £ 3.67 (13)
CA3 19.80 £ 2.25 (39) 64.61 £4.59 (11)
CA2 31.02 x2.03(35) 56.63+£3.79(4)
CAl 457 +£0.81(43) 67.01 £2.67(13)

MTLE, mesial temporal lobe epilepsy; mDG, molecular and granule
cell layers of the dentate gyrus; CA, cormu ammonis.

rus in 11 cases. A significant correlation between BZDR
density and cell density was observed in CAl {p < 0.0001;
p = 0.848, Spearman’s correlation coefficient by rank),
CA3 (p < 0.0001; r = 0.840; Pearson’s correlation co-
efficients), CA4 (p < 0.000L; r = 0.890, Pearson’s),
mDG (p < 0.0001; r = 0.834, Pearson’s), CA2 (p < 0.001;
r = 0.521, Pearson's), and parahippocampal gyrus
(p < 0.05; r = 0.645, Pearson’s; Fig. 4).

Comparison of BZDR densities in BZD-treated and
non-BZD-treated cases

In the seven BZD-treated cases, all diagnosed as
MTLE, the mean BZDR density was lowest in CAl,
followed by CA4, CA3, CA2, and mDG (Table 2).
BZDR density was on average ~17% lower in BZD-
treated cases than in non-BZD-treated cases. Except in
CA3, the mean BZDR densities in all regions, especially
in mDG (reduction rate, 38%), were lower in BZD-
treated than in non-BZD-treated cases, although the dif-
ferences did not reach statistical significance (Table 2).

Comparison of BZDR densities with ['*Iliomazenil
SPECT between non-BZD-treated MTLE and
non-MTLE cases

['**1]lomazenil SPECT was performed in seven
MTLE patients and three non-MTLE patients. All MTLE
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FIG. 3. Comparison of benzodiazepine (BZD) recepter (BZDR)
density to cell-density ratios in mesial temporal lobe epilepsy
(MTLE) and non-MTLE groups receiving no BZDs. CA, comu
ammonis; mDG, molecular and granule cell layers of the dentate
gyrus. In the MTLE group, the BZDR density/cell-density ratio is
-.significantly lower in CA1 compared with the non-MTLE group
(p < 0.05).

Epilepsia, Vol. 43, No. 9, 2002

patients had mesial temporal sclerosis, and the three non-
MTLE patients had no histopathologic abnormality. In
all seven MTLE patients, visual evaluation of ['*IJio-
mazenil SPECT late images revealed a reduced accumu-
lation of BZDR binding in the ipsilateral temporal lobe
mesial region of epileptogenic focus site, including the
hippocampus and partially involving lateral cortical re-
gions, compared with contralateral temporal lobe (Fig.5).
However, no such findings were observed in the tempo-
ral lobe mesial region in three non-MTLE patients.

DISCUSSION

In 1979 Ribak et al. (2) reported that GABAergic in-
hibitory synapses were decreased at epileptogenic foci,
and suggested a possible contribution of GABAergic
neuronal loss to the formation of epileptogenic foci.
Region-specific decreases in binding to the GABA -
BZDR—ionophore complex have been demonstrated by
immunostaining of GABA receptors (15), autoradiogra-
phy of BZDR, and in vivo diagnostic imaging with
flumazenit PET (16-18) or iomazenil SPECT (19-21). In
particular, autoradiography allows quantitation of recep-
tor densities at histologic level, and BZDR density has
been evaluated with autoradiography by using iomazenil
(5), flumazenil (4,22), or flunitrazepam (6). In this study,
we measured BZDR density with autoradiography by
using iomazenil, for which few data are currently avail-
able. With this method, we evaluated BZDR densities in
73 surgical specimens of tempora! lobe epilepsy, which
is the largest series among similar studies. lomazenil, a
partial inverse agonist of BZDR, has been reported to
distribute in the brain similar to the BZDR antagonist,
flumazenil (23,24). The affinity of iomazenil for BZDR
is higher than that of flumazenil and flunitrazepam (9).
Hence ['**I]iomazenil autoradiography images are supe-
rior in sensitivity and anatomic resolution, as demon-
strated in previous reports (9,25) and the present study.

A limitation of the present study was the unavailability
of normal control specimens. We compared the results of
MLTE cases with those of non-MTLE cases. BZDR den-
sity in our non-MTLE specimens, which showed no scle-
rosis, was higher in hippocampa! CAl, subiculum, and
mDG regions than in CA2, CA3, or CA4. In a study of
BZDR distribution in normal human brain after autopsy
with autoradiography by using [*H]flunitrazepam, Ze-
zula et al. (26) found BZDR density to be particularly
high in the cerebral cortex and hippocampus, especially
in temporal cortical layer IV, subiculum, CAl, and
mDG. The results obtained in our non-MTLE cases were
consistent with those for normal hippocampus reported
by Zezula et al. (26), presumably reflecting normal
BZDR distribution in non-MTLE cases. In addition,
Loup et al. (27) compared the distribution of GABA,-
receptor subtypes in human temporal Iobe epilepsy in



