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Abstract

The aim of this study is to analyze the characteristics of epilepsies as the sequelae of acute febrile encephalopathy with prolonged 
convulsions during childhood. Sixteen patients (M:F = 9:7) aged 2–13 years (mean 6.1 years) with history of febrile acute enceph- 
alopathy were retrospectively reviewed. These patients experienced febrile encephalopathy at the age of 11 months to 4 years, with 
11 individuals presenting with findings of a biphasic clinical course (n = 5), frontal predominant (n = 8) lesions, and/or reduced dif- 
fusivity in the cerebral white matter on magnetic resonance imaging (MRI; n = 3). The remaining 5 patients had unilateral lesions 
that manifested the phenotype of hemiconvulsion–hemiplegia–epilepsy syndrome (HHES). Epilepsy emerged with a latent period of 
2 months to 2 years after the acute phase of febrile encephalopathy. Head nodding or spasm with subsequent motion arrest and brief 
tonic seizures were the main seizure phenotypes. Ictal records of epileptic seizures were available in 9 patients. Epileptiform dis- 
charges with a focal or uneven distribution appeared at the seizure onset and lasted less than 1 s in all patients; these were followed 
by either generalized attenuation or fast activity in 8 patients with head nodding, spasm, or brief tonic seizures, and by localized fast 
activity in 1 patient with versive tonic seizures. Notably, the seizure onset area was often located outside the severe lesions on MRI,
i.e., in the parietal areas in patients with frontal predominant lesions, and in the spared hemisphere of HHES. Although phenobar- 
bital, zonisamide, carbamazepine, clobazam, clonazepam, and clorazepate were partially effective in some patients, daily seizures 
persisted in 11 patients. Callosotomy was performed in 2 patients, and beneficial effects were observed in both. These characteristics 
suggested a broad distribution of augmented excitability in these patients, resulting in the rapid propagation of epileptic activity in 
the initial phase of ictal phenomena. Thus, this study investigates the most severe subgroup of epilepsy following febrile acute 
encephalopathy and provides the basis for further exploration of the pathogenesis and treatment of characteristic seizures in this 
population.
� 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduct ion 

Acut e encep halopat hy is a con dition defined as rapid 
de teriorat ion of brain functi on, and is cau sed by various 
etiol ogies. Thi s cond ition is often pr ovoked by febri le 
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infec tions during infanc y and early childhood , an d sev- 
eral subtypes wi th distinct clinical feat ures have been 
class ically recogni zed: Reye syn drome, hemorr hagic 
shoc k and encephalopat hy syndrom e, and ac ute necro- 
tizin g encep halopat hy [1]. In add ition, a categor y of 
acute encephalopat hy that is ch aracterize d by the initial 
manif estation of pro longed febrile co nvulsion s, biphasi c
clini cal cou rse, emerg ence of rest ricted diffusivity on 
magnet ic resonan ce imag ing (MRI) in the cereb ral white 
matt er at 3–8 days of illness (“br ight tree appearance ”),
and a pro pensity for frontal lobe involv ement ha s been 
recent ly pro posed by Jap anese ch ild neurologi sts. Thi s
categor y has been termed acu te encep halopat hy of 
obsc ure origin with biph asic clini cal course [2], acute 
infant ile enceph alopath y pred ominant ly affecting the 
front al lobes (AIEF) [3], and acute enc ephalopat hy with 
biph asic seizur es an d late reduced diffusion (AESD) [4].
Either of these terms may be app lied to individ ual 
patie nts, depending on whi ch of the aforemen tioned 
charact eris tics predo minate or are lacki ng in their mani- 
festa tions; howeve r, these conditio ns are likely to repre- 
sent the same entity. In add ition, hemiconv ulsion –
hemipl egia–epilepsy synd rome (HHES) has as its onset 
prolon ged febrile hemic onvu lsion. Apart from pa tients 
with structural brain lesions due to vascul ar, infectious ,
and dysp lastic etiolo gies [5], this clini cal syndrom e is 
charact erize d by residu al epile psy after a latent period,
signal chan ge on diffusion-weight ed imaging, and geneti c
pred ispositio n, which are sim ilar to the charact eristic s of 
the aforem entione d acu te en cephalopat hy. Thus , man y
cases of HHES in Jap an can be also regarde d as hemi- 
sphe ric varia nts of this en tity [6,7]. An inclus ive co ncept 
of ac ute encephalop athy with febri le convu lsive statu s
epile pticus (AEFCSE) has also been proposed [1]. With 
hundr eds of iden tified cases, this entity has been recog- 
nized as the most prev alent subgrou p in acute febri le 
ence phalopat hy in Jap an, and is beco ming a social bur- 
den . The higher predomi nance of this conditio n in Japa- 
nese popul ations than in other countries, the fami ly 
hist ory of febri le co nvulsio n in man y ca ses, and the iden- 
tification of SCN 1A mutat ions in rare instance s suggest a
gene tic predisp osition for this type of acute enc ephalop- 
athy [8,9], whi ch may involv e increa sed ne uronal excita- 
tion and/ or augment ed inflammatory process in the 
centra l ne rvous system.

Despi te the pe rtinent charact erization of AEF CSE 
during the acu te pha se, the clinical featu res of this con- 
ditio n during the chron ic pha ses have not been well 
deline ated. Resid ual epilep sy as the seq uela of AEF CSE 
is rep orted to compli cate 65% of cases [10], but details 
are not availab le in terms of seizure phen otype, findings 
of elect roencephal ograph y (EEG), and response to an ti- 
epile ptic treatment . We he rein summarize the clinical 
and electroph ysiological findings in post-AE FCSE epi- 
lepsy, which woul d provide a basis for the managem ent 
of this patien t populati on.

2. Subject s and methods 

We identi fied 21 patie nts with a history of febrile 
acute en cephalopat hy who were admit ted to our hosp i- 
tal between Septem ber 2007 and October 2011, mainl y
for evaluat ing residu al epile psy. All patients had diseas e
ons et with prolonged febrile seizures but no evidenc e of 
men ingoencephal itis, includin g elevation of cerebro spi- 
na l fluid (CSF) cell coun ts an d detect ion of pa thogeni c
micr oorganis ms in the CSF cultur e. Patient s wi th Reye 
syn drome (n = 1), acu te ne crotizing enceph alopat hy 
(n = 1), severe anoxic episode during the cou rse of 
encephalopat hy (n = 2), an d a preced ing hist ory of West 
syn drome/Len nox–Gastaut syndrom e (n = 1) wer e
excluded, and the clinical data of the remai ning 16 
pa tients wer e retro spectively revie wed through their 
med ical charts (Table 1). Thes e pa tients exp erienc ed 
encephalopat hy wi th onset at the age of 11 months to 
1 ye ar and 10 mo nths, an d 11 individuals de veloped 
one or more of the findings of a biphasi c clini cal course 
(n = 5), frontal predo minanc e (n = 8) an d reduce d diffu-
sivi ty in the cerebra l whi te matter on MRI (n = 3). The 
oth er 5 patie nts had uni lateral lesions that man ifested 
the pheno type of HHES . Thus, we cou ld divide the 
pa tients into 2 groups: AEFCSE with bilateral he mi- 
sp here involv ement (n = 11) and HHES (n = 5). None 
of these patients exhibited dysplas tic lesio ns on MRI.
The clinical findings of 1 HHE S patie nt wi th an SCN1A

mu tation have be en rep orted previous ly [11]. None of 
oth er patien ts ha d been examin ed by spec ific gene 
analysis.

To analyze ep ilepsy in these patie nts, da ta were col- 
lect ed with regard to the fami ly hist ory of convu lsive 
disord ers, past history of the patients, seizure phe no- 
types of residual chronic epilepsy, and developm ental 
quot ient assessed by either the Enjo ji Devel opmenta l
Ass essm ent Scale or Kinder Infant Devel opment Scale.
We also revie wed the MRI findings on admission, ictal 
(n = 12) and inter ictal EEG, and magnet oencephalogr a- 
phy (MEG; n = 7). Video EEG monito ring for ictal 
EEG recordi ng was cond ucted us ing a standar d 10–20
syst em. MEG was perfor med using a 204-cha nnel 
MEG system (VectorView; Neurom ag Co., Helsink i,
Fi nland). Dipol e sources with a go odness of fit great er 
than 80% wer e accep ted and overla id on the MRI 
resul ts.

3. Result s

3.1. Pat ient characteri stics (Table 1)

The 16 pa tients (M:F = 9:7) were aged 2–13 years 
(mean 6.1 years) at the time of data collection. Two 
pa tients in the bilateral AEF CSE grou p had a hist ory 
of febrile convu lsions, and 1 patie nt in the HHES group 
ha d a history of epilep sy. All patie nts, includi ng 2
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