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Table 2

Clinical characteristics of 27 patients.

[

Childhoud-onset rapidly
progressive (ype (CORP)

Late-onset stowly
progressive type (LOSP)

N (M:})

Age at epifepsy onset (mein)

Period between epilepsy onset and
development of frequent seizares {mean)
Period between epitepsy onset and
development of hemiplegia (mean)

EPC T
Hemiplegia 14
Surgical treatment il
Hemisphereetomy 7
Death 1

19 (9:10)
2m~9y 4y dm)
Od~T7y({lydm)

2m~Tyi(3y)

S(335)
Gy 6m~28y(i0y)
6m -~ Sy Im3ydm)

Fylm~ 10y (Sydm)

interval between the onsct age of epilepsy and that of
frequent scizure recurrences (daily seizures developed)
were | year and 4 months in the former and 3 years
and 4 months in the latter, The scizures affected the left
side of the body in 14 paticnts (52%) and right side in the
remaining 13 patients (48% ). Fourteen of the 19 patients
with CORP (74%) and 4 of the 8§ patients with LOSP
(50%) developed hemiplegia, cither at the latest follow-
up period or before epilepsy surgery. The average time
from the onsect age of epilepsy to the development of
hemiplegia was 3 years and Syears and 4 months,
respectively. Thus, patients with CORP showed more
frequent complications with EPC and hemiplegia than
those with LOSP. Three patients with LOSP were
accompanicd by uveitis, ipsilateral to the involved hemi-
sphere at 2 years before, at the period of, and at 6 ycars
after epilepsy onset. respectively. One patient cach with
CORP and LOSP dicd of status epilepticus caused by
infection at 7 years of age and of a sudden unknown
cause at 17 vears of age, respectively.

3.2, mmumnological examinations

Serum or CSF autoantibodies against the N-methyl-p-
aspartate glutamate reeeptor (NMDA-type GluR) &2
subunit and its epitopes [11] were positive in 13 of the
I8 patients (72%) and 6 of the 8 patients {67%). respee-
tively (Table 1). CSF oligoclonal 1gG banding was posi-
tive in one patient cach. Serum cytokine levels were
within the normal range in two patients with CORP,
but were only measured during steroid therapy. CSF
[L-6 was measured to be normal in one patient with
LOSP.

3.3 Effect of impnmomaodulatory treatment

Immunomodulatory treatments including high-dose
steroid therapy, high-dose intravenous immunoglobu-
lin (IVIG) administration, and other immunomodula-
tory agents were tried in a total of 19 patients. They

were initiated 4-96 months after the onsct of cpilepsy
{Table 1). The high-dose steroid therapy in most casces
was started with the intravenous administration of
methyl-prednisolone  (MP) for 3 consecutive  days
(MP pulse therapy) given twice or three times cvery
other week, followed by oral prednisolone (1-2 mg/
kg) over a period of a few to several months depend-
ing on the response. The high-dose IVIG therapy con-
sisted largely of an mitial administration of 200~
400 mg/kg consecutively for 3 days, followed by the
same single dose once a month for a few months
depending on the response.

The high-dose steroid and high-dose 1VIG therapices
were tried in 14 and 12 patients, respectively. The dura-
tion of the onc treatment course ranged from | to
4 months, depending on the response to treatment.
The high-dosc steroid therapy achieved more than a
good response in 3 patients (36%), and transient
response in 3 cases. The IVIG therapy achieved a more
than good response in 4 cases (33%) and transient
response in 3 cases {Fig. 1). The high-dose steroid and
IVIG therapy appeared better in response for those with
CORP and LOSP, respectively despite no statistical sig-
nificance (P > 0.03). Azathioprine, INF-x, cyclosporine,
and ganciclovir were tried in a few patients without
appreciable effects. Three patients have now been placed
on tacrolimus, but one of them recently underwent hem-
ispherectomy because of neurelogical deterioration and
continuous EPC, leading the patient to be confined to a
wheelchair.

3.4. Newroimuaging churacteristics
by &y

MRI demonstrated progressive atrophy of the left
hemisphere in H patients and of the right hemisphere
in 14, although 2 pathologically-proven RE patients
showed no apparent hemispheric MR lesions, SPECT
and PET studies all supported the lateralization of the
MRI and EEG findings. The evolutionary changes in
the HR were evaluated in 9 patients (CORP: 6 cases:
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High—dose steroid therapy(N= 14)
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Fig. 1.

Eflectiveness of immunomodulatory therapy. Excellent. good. no improvement: more than 80%. reduction. 50%

CORP LOSP

to 80%, reduction, and less

than 50% reduction of the seizures, respectively. Transient improvement: more than 30% transient reduction of the scizores. Excellent & good

response -, transient response . poor response M. aggravation 35

LOSP: 3 cases). The HR changes in the former showed a
more rapid decline from the first examination than that
in the latter, indicating a more rapidly progressive
shrinking of the allected hemisphere in the former
(Fig, 2).

3.5, Response to epilepsy surgery

Focal resection with or without multiple subpial tran-
scction and functional hemispherectomy was under-
taken in § and 7 patients, respectively. The former
procedure achieved a more than good response i S
{63%) patients, although none of them became scizure-
free. All 7 patients undergoing functional hemispherce-
tomy have remained scizure-free.

4. Discussion

This study is the first Japanese nationwide cohort
study involving 27 patients with RE. There have been
a4 large number of investigations regarding various
aspecets of RE, all of which involved Caucasian patients.
The clinical pictures, as well as progressive nature of the
disorder in our patients recruited based on the proposed
RE criteria, are consistent with those from previous
studics. We can subcelassify them into those with a child-
hood-onset rapidly progressive clinical course (CORP)
compatible with classical RE, and those with a late-
onset slowly progressive clinical course (LOSP) compat-
ible with adult type RE [1.2,18,19]. The average time
between the onset age of epilepsy and that of frequent
scizure recurrence, and the mean period between the
onsct age of epilepsy and development of hemiplegia
in our series were also similar to those of previous
reports.

Bien et al. measured the hemispheric ratio (HR), in
which the axial cross-section of the affected hemisphere

is expressed in relation to the unaflected one, and quan-
titatively showed the progressive destruction of the
affected hemisphere over time [2]. This method applicd
to 9 of our patients demonstrated the difference in the
HR between those with CORP and those with LOSP,
and scemed to be usctul for the evaluation of treatment.

Regarding the pathogenesis of RE, since Rogers et al.
[97 identfied the autoantibody against the ionotropic
glutamate receptor GluR3 in the serum of RE paticnts,
the autoimmune process underlying RE has received
growing attention. Subscquently, autoantibodics against
GluRe2, munc-18, and glial cells have been demon-
strated in the serum of RE patients [10.11,13]. We also
found GluRe2 antibody in the serum or CSF of roughly
2/3 of our patients at cither the onsct of epilepsy or in
the middle of the clinical course [20]. However, the spec-
ificity of these autoantibodics as a primary ctiology
remains unclear because they were also found in other
noninflammatory focal epilepsies or nonspecific enceph-
alitis. Recently, interest is growing toward cell-mediated
rather than humoral immunity, with the speculation that
cytotoxic T cells destroy neurons through the release of
granzyme-B, leading to the progressive destruction of
the hemisphere [12,20]. Thus, the notion of a previous
infection or vaccination prior to the onset of RE trigger-
ing the autoimmune process of the disorder has been
challenged, although we could identify these episodes
in only one third of our series [21]. However, among
them, there were 3 patients with LOSP experiencing uve-
itis ipsilateral to the affected hemisphere. either long
after or before the onset of epilepsy. Uveitis is caused
mostly cither by viral infections or an autoimmune pro-
cess in those with systemic autoimmune disorders.
Together with previous case reports, the combination
of uveitis and RE is not a coincidental event but indi-
cates the same autoimmune process involving both the
uveal tract and ipsilateral hemisphere with other sys-
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Fig. 2. Serial changes in the hemispherie ratio (HR) (A) Serial HR changes depicted as u sequential line graph for cach RE wype. (B) Typical

examples of HR. Case fetters correspond to those of Fig. 2A.

temic autoimmune disorders [14.22]. There must be var-
ious tactors contributing to the onset of RE, in which
the mutation of SCNV/ A4 causing severe myoclonic epi-
lepsy in infants or generalized epilepsy with febrile sci-
zure plus may be a candidate [17].

Thus, various immunomodulatory treatments have
been attempted in patients with RE based on the auto-
immune hypothesis. Promising results of  high-dose
intravenous immunoglobulin (IVIG) treatment have
recently been demonstrated in patients with adult-onset
RE [23,24]. Leach ¢t al. demonstrated sustained
improvement in patients following the long-term usage
of high-dose IVIG, despite resistance to steroid treat-
ment in these patients [23]. High-dose steroid treatment
has been attempted more frequently than IVIG therapy,
with inconsistent results [25-27] In our results, the high-

dose steroid and 1VIG therapics brought a better than
sood response in approximately one third of cases,
respectively. The high-dose steroid therapy was more
effective for those with LOSP than the IVIG therapy,
while the latter therapy appearcd to be more beneficial
in thosc with CORP than the former therapy. However.
these two therapies could not fully control the scizures
nor halt the neurological deterioration, even in respond-
ing cascs. Tacrolimus has been shown to have a benefi-
cial effect on reducing the progression of hemiatrophy.,
but does not improve the scizure outcome [28] In our
series, there were 3 patients taking tacrolimus, although
one of them finally underwent hemispherectomy due to
neurological deterioration and daily EPC up to the level
of becoming unable to walk. The effect of tacrolimus will
remain undetermined until long-term follow-up data

(2009, doi:10.1016/j.braindev.2009.10.004
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from a larger number of patients arc provided. The
cffect of immunomodulatory therapy for RE remains
cquivocal in part due to a imited number of casc trials,
the differences in treatment regimens, and the slowly

progressing and relapsing-remitting clinical course of
this disorder itself, hampering a precise assessment of

efficacy [1]. In the meantime, these immunomodulatory
treatments should be initiated cautiously and stopped
when no meaningful improvement is recognized.

Regarding surgical treatment, tunctional hemispher-
ectomy has been shown to be the final and best option
for condition, although this procedure is only possible
when hemiplegia has stabilized [7]. In addition, this pro-
cedure should be cautiously considered when RE affects
the dominant hemisphere. In our series, the hemispher-
cctomy was performed on only non-dominant right
hemisphere in all 7 patients. If dominant left hemisphere
is allected. we have to wait for this radical procedure
until the language center transfer to the non-dominant
hemisphere, which can be ascertained by Wada test or
FMRIT study [29] Although carly hemispherectomy is
recommended to reduce the involvement of the unaf-
fected hemisphere by some, a consensus regarding when
to introduce hemispherectomy has not been determined
globally [8,30]. The hemispheric ratio may become one
of the objective markers to introduce hemispherectomy.

In this study. we were able to identify a significant
number of patients with RE in Japan, who showed a
similar clinical course as well as neuroimaging findings
with those reported trom Western countries, and have
reccived appropriate immunomodulatory as well as sur-
gical treatment.
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