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Anatomical condition mimicking superior mesenteric artery syndrome
might cause duodenal involvement in Henoch—-Schoénlein purpura

Tomonori Harada, Shuichi Ito, Masaaki Mori and Shumpei Yokota
Department of Pediatrics, Yokohama City University Medical Center, Yokohama, Japan

The authors thank Dr Fujii for his voluminous contribution to the
literature in general and to our article in particular. The excellent
-and comprehensive discussion in his letter of the anatomical
condition similar to superior mesenteric artery syndrome (SMA)
and duodenal lesion in Henoch-Schonlein purpura (HSP) pro-
vides an illuminating framework on our study. We would like to
offer a few comments.

Dr Fujii indicated that HSP patients with abdominal pain and
duodenal lesion by ultrasound showed hypoperistalsis, which
was not consistent with characteristics of SMA syndrome. We
have also observed bowel abnormalities (BA) on ultrasound in
HSP that were inflammatory, and paralytic findings of the intes-
tine. Thus, in our manuscript, BA were defined as bowel wall
thickness of more than 3 mm and signs of paralytic ileus, such as
hypoperistalsis of thickened bowel and bowe] fluid stagnation in
the proximal side, which differ from small bowel series criteria
for SMA syndrome.! We referred to ultrasound criteria for SMA
syndrome, only to.emphasize and explain the correlation between
the anatomical condition mimicking SMA syndrome and duode-
nal involvement in HSP, not to diagnose SMA syndrome.

Moreover, we are afraid that duodenal BA never develop
merely due to the anatomical condition mimicking SMA syn-

“drome, and we think BA develop due to this anatomical condi-
tion concomitant with systemic leukocytoclastic vasculitis. As
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described in our manuscript, ultrasound criteria for SMA are just
one set of the required criteria to diagnose SMA syndrome.

In one of twelve HSP patients with abdominal pain and
duodenal lesions by ultrasound in our study, we measured the
aortomesenteric angle (AMA) and the aortomesenteric distance
(AMD) both on admission and at the time of discharge. Decrease
of AMA (23°~512°) and AMD (5.3 mm—>3.3 mm) at the time of

- discharge compared with those on admission was observed in this

patient, because bowel edema resolved after prednisolone
therapy.> We used the values of AMA and AMD measured on
admission in all HSP patients in our study. The difference
between patients and controls might have been more significant
in AMA and AMD after resolution of intestinal edema, if we had
adopted the values at the time of discharge or the asymptomatic -
state in all HSP patients. Thus, the significant differences in AMA

-and AMD between the two groups would not be overestimated

but rather underestimated. Strictly speaking, we should adopt the
values at the asymptomatic state, not the edematous state,
because we would research the causality of duodenal lesion in an
HSP patient with abdominal pain.

However, since the number of HSP patients assessed in our
study was small, we are now planning an extended study.
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Mutations of the SCN/A gene in acute encephalopathy
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SUMMARY

Purpose: Acute encephalopathy is the most serious com-
plication of pediatric viral infections, such as influenza and
exanthema subitum. It occurs worldwide, but is most pre-
valent in East Asia. Recently, there have been sporadic
case reports of epilepsyffebrile seizure and acute encepha-
lopathy with a neurconal sodium channel alpha 1 subunit
(SCN1A) mutation. To determine whether SCNIA muta-
tions are a predisposing factor of acute encephalopathy,
we sought to identify SCNIA mutations in a large case ser-
ies of acute encephalopathy including various syndromes.
Methods: We analyzed the SCNIA gene in 87 patients
with acute encephalopathy, consisting of 20 with acute
necrotizing encephalopathy (ANE), 61 with acute enceph-
alopathy with biphasic seizures and late reduced diffusion
(AESD), and six with nonspecific (unclassn"' ed) acute
encephalopathy.

Key Findings: Three patients had distinct point muta-
tions. Two of them had epileptic seizures prior to acute
encephalopathy. Clinical and neuroradiologic findings of
acute encephalopathy were diverse among the three
patients, although all had a prolonged and generalized sei-
zure at its onset. The ﬁrst patient with Y982L had partial
epilepsy and AESD. The second patient with MI1977L had
febrile selzures and nonspecnf‘ ic acute encephalopathy.
The third pat;ent with RIS75C had no seizures until the
onset of ANE, MI977L was a novel mutation, whereas the
remaining two, Y982L and RI575C, have previously been
reported in cases of Dravet syndrome and acute encepha-
lopathy, respectively.

Significance: These findings provide further evidence that
SCNIA mutations are a predisposing factor for the onset
of various types of acute encephalopathy.

KEY WORDS: SCNIA, lon channel gene defect, Acute
encephalopathy status epilepticus, Seizure susceptibility.

Acute encephalopathy (AE) refers to brain dysfunction of

acute onsel that usually follows an infectious disease with

fever. Pathologic substrate of AE is diffuse, noninflammato-
ry brain edema. AE is most common in infants and young
children, and is manifested clinically with stupor/coma and
a febrile seizure, which is often severe and prolonged.
Based on clinical and neurologic findings, AE is classi-
fied into multiple syndromes, such as Reye’s syndrome,
acute necrotizing encephalopathy (ANE) (Mizuguchi et al.,
1995), and acute encephalopathy with biphasic seizures and
late reduced diffusion (AESD) (Takanashi et al., 2006).
These syndromes show distinct computed tomography/
magnetic resonance imaging (CT/MRI) features: diffuse
brain edema in Reye’s syndrome; bilateral, symmetric tha-
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lamic lesions in ANE; and cerebral cortical edema of sub-
acule onset (usually appearing on the third o ninth day of
illness, and sparing the perirolandic region) in AESD (Miz-
uguchi et al,, 2007); however, about one-third of patients
with AE show no such features and are unable to be classi-
fied into these syndromes (nonspecific AE). Pathogenesis of
AE is complex, and much remains to be elucidated. The
main pathomechanism differs among syndromes: metabolic
disorder in Reye’s syndrome, cytokine storm in ANE, and
excitotoxicity in AESD (Mizuguchi et al., 2007). Delayed
neuronal death after a severe/prolonged febrile seizure may
play a major role in the pathophysiology of AESD (Mizugu-
chiet al., 2007; Takanashi et al., 2009).

Mutation of the neuronal sodinm channel alpha 1 subunit
(SCN1A) is the most common cause of hyperthermia-
induced seizure susceptibility in patients with generalized
epilepsy with febrile seizure plus (GEFS+) and Dravet syn-
drome (Escayg et al., 2000; Claes et al., 2001; Escayg et al.,
2001; Wallace et al., 2001, 2003; Ohmori et al., 2002;
Sugawara et al,, 2002; Nabbout et al,, 2003; Fukuma et al,,
2004; Mantegazza et al., 2003; Escayg & Goldin, 2010). By
contrast, SCNJA mutations are rare in febrile seizures other
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Recently, there have been sporadic case reports of epilepsy/
febrile seizure and AE with an SCNIA mutation (Sakakibara
et al., 2009; Kobayaslu et al., 2010; Takayanagl et al,,
2010). In addition, children with Dravet syndrome occa-
stonally have AE, which often ¢auses death (Sakauchi et al.,
2011). These cases suggest the role of SCNIA mutations in
the pathogenesis of AE. To validate the hypothesis that
SCNIA mutations are a predisposing factor of AE, we con-
ducted SCNIA gene analysis in a large case series of AE,
including various syndromes.

METHODS

Patients

The Ethics Committees of the University of Tokyo
approved this study. The parents or legal guardians of par-
ticipants signed an informed consent forny as approved by
the ethics committees. Fighty-seven patients, 48 female and
39 male, who were dlagnosed with AE and treated by 29
hospitals in Japan between September 2008 and Aungust
2010, participated in this smdy Al the patients were of Jap-
anese ethnicity. Diagnosis of AE was based on the following
criteria: (1) impairment of consciousness showing acute
onset, rapid progression and duration for more than 24 h,
with or without seizures; (2) ongset:during the course of a
febrile and/or infectious disease; and (3) exclusion of
similar conditions, such as postictal stupor/coma, effect of
anticonvulsants, meningitis, encephalitis, toxic encephalop—
athy, and metabolic errors. In ‘addition, the patients were
divided to three subgroups. Diagnosis of ANE and AESD
was based on the criteria described previously (Hoshino
et al., 2011). According to syndromic classification, 20
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patients had ANE, 61 had AESD, and 6 had nonspecific AE
(Table 1). There was no case of classical Reye’s syndrome.
Seven patients had preexisting febrile seizures and one
patient had partial epilepsy before the onset of acute enceph-
alopathy (Table 1). One hundred healthy adult Japanese
volunteers without a history of AE served as control sub-
jects.

Genetic analysis

‘Genomic DNA of patients with AE was prepared from
ethylene diamine tetraacetic acid (EDTA)-treated whole
blood samples using the QuickGene DNA whole blood kit
(Fujifilm Corporation, Tokyo, Japan). SCN1A was screened
by a direct sequencing method with an automatic sequencer,
as described previously (Kobayashi et al., 2010). Reference
sequence of mRNA was based on information available
from GenBank (accession number: Human SCNIA.
AF117907.1).

REesvuLTSs

Of the 87 AE cases studied, three had missense muta-
tions—V982L, M1977L, and R1575C—none of which
were found in the 100 controls. The V982L mutation was
found in case 1 with partial epilepsy and AESD. The valine
982 residue is located on the transmembrane segment 6,
domain II of SCN1A protein, is highly conserved among
vertebrates, and shares homology with other types of
sodium channels (Fig. 1). This mutation was prevmusly
reported in a patient with Dravet syndrome without myo-

- clonic seizures and ataxia (Singh et al., 2009). The M1977L

mutation was found in case 2 with GEFS+ and nonspecific
AE. The methionine 1977 residue is located on near the

Status epilepticus
or chister of
seizures within Prognosis:
Ageatonset Family history Preexisting Preceding 2 days after the Neurologic
Diagnosis Sex of AE (mean) of FS/epilepsy seizures infection onset of AE sequelae
ANE Male7 8 monthsto 9 years FS2 FS i HHV-6 3 Yes3 Severe 9
(n = 20) Female 13 7 months Epilepsy 0 Epilepsy 0 Flu4 No2 Mild or none 9
(2 years4 months) None 18 None {9 RSV2 NA i5 NA2
Rota |
N0
AESD Male 28 5 months to 6 years FS6 FS3 HHV-6 18 Yes33 Severe 14
(n=61) Female 33 (! year 2 months) Epilepsy | Epilepsy | Fug No23 Mild or none 41
None 50 None 53 RSV2 NAS NA6
NA4 NA4 Others 4
NI 29
Nonspecific AE Male 4 I year 9 months to FS| F$3 Flu2 Yes5 Severe 0
=8 Female 2 6 years | month None 5 None3 NI4 No | Mild or none 5
(3 years2 months) NAT
Patients were classified into three syndromes: acute necrotizing encephalopathy {ANE), acute encephalopathy with biphasic seizures and late reduced diffusion
(AESS') an: éxoﬂt‘sge?ﬁc AE. FS, febrile sefzures; NA, not avatkble; HHV-6, human herpesvirus 4; Flu, influenza virus; RSV, respiratory syncytial virus; Rota, rotavi-
tus; NI, notidentifie
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Figure 1.

Alignment of the amino acids surrounding the missense muta-
tions in SCNIA of three acute encephalopathy cases. CH!M—
PANZEE f{accession no. XP_515872), Pan troglodytes sodium
channel & stbunit; RAT (NP_110502), rat sodium charinel o
subunit; MOUSE (CAM{7350), mouse sodium channel ol sub-
unit; DROS (NP_523371), Drosophila melanogaster sodium
channel « subunit. Drosophila gene shares no homology with
human SCNIA (BAC21101} at M1977 and R1575 locations. All
other amino acid sequences are from human sedium channel
subunit expressed in the brain. SCN8A (NP_055006) shares no
homology with SCNIA at the C-terminal end of the protein.
Accession nos. of SCN2A and SCN3A are Q99250 and
NP_008853.

Epilepsia © ILAE

C-terminus, and is conserved through mammalians (Fig. 1).
The R1575C mutation was found in case 3 with ANE. This
mutation has been reported previously in a patient with
acute encephalitis with refractory, repetitive partial seizures
(AERRPS) (Kobayashi et al., 2010), as well as in a patient
with Rasmussen encephalitis with an autoantibody against
the glitamate receptor GhaR3 (Ohmori et al., 2008), and
markedly - alters the electrophysiologic properties of the
sodium channel. The arginine 1575 residue is highly con-
served among vertebrates (Fig. 1). The clinical course of
these three patients is described briefly below.

Case 1: AESD with V982L mutation

This patient, a 2-year-old girl, was born small-for-date
weighing 2,008 g, after gestation of 39 weeks. There was
no family history of epilepsy or seizure disorders. From the
age of 3 months, she had recurrent, afebrile complex partial
seizures. There was no febrile seizure, myoclonic seizure,
mental delay, or ataxia. The diagnosis of partial epilepsy
was hylaxis s

y to anticonvulsants and laste
anesthesia and mechanical v
-was normal on day 2, com
inotransferases and lactic

Epilepsia, 33(3%558-564,2012
doi: 10.11114.1528-1167.2011.03402.x

infusion of thiopental (until day 21) and methylprednisolone
pulse therapy. CT and MRI thereafter showed severe atro-
phy of the cerebral cortex with sparing of bilateral perirolan-
dic regions (Fig. 2). She was eventually left with spastic
.quadriplegia and severe mental deficit.

Case 2: Nonspecific AE with M1977L mutation

This patient, a 3-year-old boy, was born uneventfully to
nonconsanguineous parents. His uncle had had febrile con-
vulsions during infancy. From the age of 1 year 6 months,
he had recurrent febrile seizures. At 3 years of age, he had a
respiratory infection with fever, and then bhad his sixth attack
consisting of repeated generalized convulsions, six times
during 24 h. Each convulsion lasted from several seconds to
5 min. Phenytoin (15 mg/kg) was given intravenously to
prevent their recurrence. Consciousness disturbance (Glas-
gow Coma Scale score, E4V4MS5) persisted for 24 h, and
was explained neither by postictal stupor nor by sedative
effects of phenytoin. Cranial CT revealed mild diffuse
edema. Electroencephalography (EEG) on day 1 showed
high-voltage slow activity in the right parietal area, He was
diagnosed with nenspecific AE and recovered completely;
however, he developed a cluster of afebrile seizures
1 month later. EEG showed bilateral frontal spike-waves.
Valproate treatment successfully prevented seizures. He
had neither mental delay nor ataxia.

Case 3: ANE with R1575C mutation

The patient is now a 12-year-old boy who was born
uneventfully and showed normal development. At the age
9 months, he had acute gastroenteritis with fever (tempera-

nt (case 1) with acute encephalopathy
d late reduced diffusion (AESD). Imag-
AE (fluid-attenuated inversion recovery,
ral atrophy, high signal intensity of the
of the bilateral perirolandic regions.
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ture 38°C) and diarrhea. Four days later, he was taken to
hospital because of generalized seizure after several bouts
of vomiting. On admission, he was afebrile and mentally
obtunded, and had recurrent generalized tonic—clonic sei-
zures. Blood examination showed slight elevation of
C-reactive protein, and cerebrospinal fluid examination
showed an increased protein level (370 mg/d). MRI
revealed abnormal signals in the bilateral thalamus and sub-
cortical white matter on T,-weighted images (Fig. 3A).
Contrast T;-weighted imaging showed medullary streaks in
the white matter (Fig. 3B). Based on the clinical and imag-
ing findings, the diagnosis of ANE was made. He was trea-
ted with intravenous anticonvulsants and gammagiobulin,
and recovered without any sequelae. Two years later, his
younger sister was also affected by ANE at the age of
8 months, and was eventually left with severe motor and
cognitive impairment. She did not have the R1575C
mutation.

DiscussioN

AE is a complex disorder in which multiple factors, both
genetic and environmental, are involved. Environmental
factors include not only infectious agents, such as influenza
virus and human herpesvirus 6 (HHV-6), but also drugs,
such as aspirin and theophylline (Mizuguchi et al., 2007).
With regard to genetic factors, single nucleotide polymor-
phisms (SNPs) of carnitine transpalmitoyl transeferase 11
(CPTII) and Toll-like receptor 3 (TLR-3) have been identi-
fied as predisposing factors of AE (Chen et al., 2005;
Hidaka et al., 2006; Shinohara et al., 2011). In our previous
study on the CPT II gene, we found in two of the present
cases (cases 2 and 3) thermolabile SNPs associated with sus-

On the other hand, there is one syndrome of AE caused by
mutations of a single gene: ANEI (familial recurrent variant
of ANE) due to mutation of the Ran-binding protein 2
(RANBP2) gene (Neilson et al., 2009).

In this study, we tested the possibility that mutation of
another gene, SCNIA, is a genetic predisposition for the
onset of AE. We performed SCNIA gene analysis in 87 Jap-
anese patients with AE, and found poirit mutations, V982L,
MI977L, and R1575C in three (3.4%) of them. These
results are comparable to those of a previous study, which
found an SCNIA mutation in one of 15 AE patients (Kobay-
ashi et al., 2010). Our study dealt with a large case series of
AE, and found multiple patients with SCNIA mutations,
thereby establishing the association between SCNIA muta-
tions and AE.

In addition to our three patients, three additional patients
with AE and a SCNIA mutation have been reported previ-
ously. Clinical and neuroradiologic findings of these six
patients are variable (Table 2). With regard to epilepsy, two
patients had Dravet syndrome, one had GEFS+, one had par-
tial epilepsy, one had febrile seizures, and the remaining
one had none. On the other hand, SCNIA missense muta-
tions have been identified not only in patients with Dravet
syndrome and GEFS+, but also in unaffected subjects with-
out a seizure disorder (Ohmori et al., 2008). Therefore, their
contribution to epilepsy and AE requires critical evaluation
and further investigation.

‘With regard to AE, three had AESD, one had AERRPS,
one had ANE, and one had nenspecific AE. Clinical features
varied among the cases, although all had either prolonged
seizures (status epilepticus; four cases) or a cluster of brief
seizures (three cases), mostly with fever (five cases), on day
1 or 2, in contrast to mutation-negative patients in whom
such seizures were absent in about 40% (Table 1). Progno-
sis also varied largely from severe psychomotor deficit to
complete recovery. Notably, two patients with the same
SCNIA mutation, R1575C, showed clinical phenotypes
quite different from each other. Case 3 in this study had no

white matter. (|

enhanced T,-weighted axial image
shows medullary streaksin the
affected white matter lesions.
Epifepsia © ILAE
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Case SCNITA Antecedent atiologic or seizure Seizure atacute Neuroimaging
no. Age Gender mutation Infection factors dieorder AE stage of AE findings Prognosis Reference”
1? 2 years F vegals Upper respiratory  Theaphylline Partial AESD Status, febrile, CT/day 2, unremakable;  Spastic This study
3 months _missense Infection epilepsy ondayl CT/day 5, diffuse brain quadriplegia,
edema; follow-up MRI, severe MR
: central sparing
29 3 years M MI977L/ Upper respiratory GEFS+ NonspecificAE  Cluster, febrile, ~ CT/day 2, unremakable ~ Complete This study
missense infection on dayl recovery "
3¢ 0 year M ‘RI575C/ Acute Family history  None Mimiking ANE  Cluster, afebrile, ~ MRl/day 2, bilateral Complete This study
9 months missense gestroenteritis of AE onday | thalamic lesions recovery
4 | year F R1892X/ Rotavirus Dravet AESD (HH) Status, febrile, MR/day 6, left Mild MR Sakaldbara
4 months nonsense gastroenteritis syndrome on day| hemispheric edema DQ=71), et o, 2009
‘ right spastic
heniplegia :
5 0 year F D43fs/ Fever of unknown Suspected  Atypical AESD  Status, febrile, MRl/day 3, diffuse high  Spastic Takayanagi -
‘9 months truncation etiology Dravet on day| signal intesity in cortex  quadriplegia, et al,, 2010
syndrome and subcortical white severe MR
matter
6 § years M RI575C/ Fever of unknown Febrile AERRPS Cluster and CTand MRI, Mild MR Kobayashi -
5 months missense etiology seizure status, febrile unremarkable “etal, 2010
onday2

Casas 4, 5,and 6 were reported in references.
GEFS+, generalized epilepsy with febrile seizure plus, AESD, acute encephalopathy with biphasic seizures and late reduced diffusion; AE, acute encephalopathy; ANE, acute necrotizing encephalopathy; HH, hamlcon-

vulsion-hemiplegia syndrome; AERRPS, acute encephalitis with refractory, repetitive partial seizures.
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epilepsy and ANE, whereas case 6 reported previously had
febrile seizure and AERRPS (Kobayashi et al., 2010). This
difference suggests the involvement of factors other than
SCNIA mutation in the pathogenesis of AE.

The family history of case 3 deserves attention. The
younger sister of this patient also had the same type of AE,
despite the absence of RI575C mutation, which strongly
suggests the involvement of another, as yet unidentified
factor in this familial ANE. Comparison between the sib-
lings revealed a longer duration of status epilepticus in the
brother (case 3), and a worse prognosis in the sister, Plausi-
bly, the SCN1A mutation contributed more to the evolution
of status epilepticus, and the unidentified factor more to
the development of bithalamic lesions and the overall neu-
rologic damage.

In summary, we found SCNIA mutations in 3 of 87 cases
of AE, and identified them as a predisposing genetic factor
of AE. As for both epilepsy and AE, clinical phenotypes
were variable among patients with SCNJA mutations, This
variability, together with the family history of one patient
(case 3), suggested that factors other than SCN/A mutations
are also involved in the pathogenesis of AE.
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Abstract

A research committee supported by the Japanese government conducted a nationwide survey on the epidemiology of acute
encephalopathy in Japan using a questionnaire. A total of 983 cases reportedly had acute encephalopathy during the past 3 years,
2007-2010. Among the pathogens of the preceding infection, influenza virus was the most common, followed by human herpesvirus-
6 (HHV-6) and rotavirus. Among syndromes of acute encephalopathy, acute encephalopathy with biphasic seizures and late reduced
diffusion (AESD) was the most frequent, followed by clinically mild encephalitis/encephalopathy with a reversible splenial lesion
(MERS), acute necrotizing encephalopathy (ANE) and hemorrhagic shock and encephalopathy syndrome (HSES). Influenza virus
was strongly associated with ANE and MERS, HHV-6 with AESD, and rotavirus with MERS. Mortality was high in ANE and
HSES, but was low in AESD, MERS and HHV-6-associated encephalopathy. Neurologic sequelae were common in AESD and
ANE, but were absent in MERS.
© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Acute encephalopathy; Epidemiology; Acute necrotizing encephalopathy; Acute encephalopathy with biphasic seizures and late reduced
diffusion; Clinically mild encephalitis/encephalopathy with a reversible splenial lesion

1. Introduction

Acute encephalopathy is a severe complication of
common infections of childhood, such as influenza,
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Medical Sciences, Graduate School of Medicine, The University of
Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan. Tel.: +81 3
5841 3515; fax: +81 3 5841 3628.

E-mail address: makisaito-tky@umin.ac.jp (M. Saitoh).

exanthem subitum and acute viral gastroenteritis. It usu-
ally affects children who have previously been healthy,
and often causes death or severe neurological handicaps.
There are two classifications of acute encephalopathy [1].
One is based on the pathogen of the preceding infection,
such as influenza encephalopathy, human herpesvirus-6
(HHV-6) encephalopathy and rotavirus encephalopathy,
whereas the other is based on clinical, laboratory,
imaging and pathological findings of encephalopathy.
With recent advances in this syndrome classification,

0387-7604/$ - see front matter © 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.braindev.2011.07.012
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many novel syndromes, such as acute necrotizing
encephalopathy (ANE) [2], acute encephalopathy with
biphasic seizures and late reduced diffusion (AESD) [3]
and clinically mild encephalitis/encephalopathy with a
reversible splenial lesion (MERS) [4], have been
established.

At present, epidemiologic data on acute encephalop-
athy are limited. In the United States, the California
Encephalitis Project has collected a large number of
cases of central nervous system infection since 1988;
however, this study focused primarily on encephalitis,
not on encephalopathy [5]. In Japan, several attempts
have previously been made to estimate the morbidity
and mortality of acute encephalitis/ encephalopathy
[6-10]; however, none has used syndrome classification
of acute encephalopathy.

In 2010, supported by a grant from the Ministry of
Health, Labour and Welfare of Japan, we started the
Committee for the Research on the Etiology, Diagnosis
and Treatment of Severe and Intractable Acute Enceph-
alopathy, and conducted a nationwide survey of acute
encephalopathy in Japan. This study used for the first
time both classifications, pathogenic (virological) and
syndrome (clinico-pathological) [1}, and elucidated the
relationship between viruses and syndromes.

Table 1
Diagnostic criteria for three major syndromes.

e

2. Material and methods

In this study, we defined acute encephalopathy based
on the following criteria: (1) acute onset of impaired
consciousness after a preceding infection, and (2) exclu-
sion of well-defined intracerebral inflammation. Accord-
ing to the second criterion, we excluded meningitis/
encephalitis, such as herpes simplex virus (HSV) enceph-
alitis and acute disseminated encephalomyelitis, in
which inflammatory pathology is clearly established.
On the other hand, we included several conditions in
which the distinction between encephalitis and encepha-
lopathy is unclear, such as MERS [4] and acute enceph-
alitis with refractory, repetitive partial seizures
(AERRPS) [11]. We also included cases even if the
respondent inadvertently failed to answer a single item.

In June 2010, we mailed a questionnaire to the heads
of the Department of Pediatrics of 520 hospitals that
had been qualified as institutions for training pediatric
specialists by the Japanese Pediatric Society. The hospi-
tals included all the pediatric referral centers in Japan,
and were distributed all over the country.

The questionnaire items were (1) the number of cases
of acute encephalopathy treated by each hospital during
the last 3 years (from April 2007 to June 2010), (2) date

1. Acute necrotizing encephalopathy of childhood (ANE)

1. Acute encephalopathy following a viral febrile disease. Rapid deterioration in the level of consciousness. Convulsions

2. No CSF pleocytosis. Increase in CSF protein commonly-observed

3. CT or MRI evidence of symmetric, multifocal brain lesions. Involvement of the bilateral thalami. Lesions also common in the cerebral
periventricular white matter, internal capsule, putamen, upper brain stem tegmentum and cerebellar medulla. No involvement of other CNS regions
4. Elevation of serum aminotransferases of variable degrees. No increase in blood ammonia

5. Exclusion of resembling diseases.
A. Differential diagnosis from clinical viewpoints.

Overwhelming bacterial and viral infections, and fulminant hepatits; toxic shock, hemolytic uremic syndrome and other toxin-induced diseases;
Reye syndrome, hemorrhagic shock and encephalopathy syndrome, and heat stroke.

B. Differential diagnosis from radiological viewpoints.

Leigh encephalopathy and related mitochondrial cytopathies; glutaric acidemia, methylmalonic acidemia, and infantile bilateral striatal necrosis;
Wernicke encephalopathy, and carbon monoxide poisoning; acute disseminated encephalomyelitis, acute hemorrhagic leucoencephalitis, other types
of encephalitis and vasculitis; arterial or venous infection, and the effects of severe hypoxia or head trauma

I1. Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD)
1. Onset with convulsion (status epilepticus convulsivus in most cases) within 24 hours from the onset of fever

2. Subsequent, transient improvement in consciousness

3. Recurrence of convulsions (clustering partial seizures in most cases) on the fourth to sixth day of illness, followed by impairment of consciousness
4. Pathogens of precedent infection: influenza virus and HHV-6, 7 in many cases
5. Variable prognosis: mild to severe psychomotor retardation. Typical cases show impaired speech and voluntariness

6. Normal MRI on the first to second day of illness

7. High signal intensity lesions in the cerebral subcortical white matter on diffusion-weighted images on the third to ninth day of illness. T2-weighted

and FLAIR images may show high signal intensities along U-fibers

1. Clinically mild encephalitislencephalopathy with a reversible splenial lesion (MERS)
1. Onset with neuropsychiatric symptoms, such as abnormal speech and/or behavior, and impaired consciousness and convulsion, within one week

after the onset of fever

2. Complete recovery without sequelae, mostly within ten days after the onset of neuropsychiatric symptoms

WA W

. High signal intensity lesion in the splenium of corpus callosum, in the acute stage. T1 and T2 signal changes are mild
. Lesion may involve the entire corpus callosum and the cerebral white matter in a symmetric fashion
. Lesion disappears within a week, with neither residual signal changes nor atrophy
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(year/month) and age at onset of each case, (3) sex, (4)
syndrome of acute encephalopathy (e.g. ANE, AESD,
MERS and others), (5) pathogen of preceding infection
(e.g. influenza virus, HHV-6, unknown and others), and
(6) prognosis. With regard to syndrome diagnosis (item
#4), we also sent the diagnostic criteria of three major
syndromes, ANE [12], AESD [13,14] and MERS [13]
(Table 1), together with their typical neuroimaging find-
ings. Diagnosis of hemorrhagic shock and encephalopa-
thy syndrome (HSES) and other syndromes was based
on previously published criteria [1,11,15]. As for prog-
nosis (item #6), sequelae were judged as severe if the
patient was unable either to walk independently or to
utter meaningful words. Responses were sent back either
by mail or by fax.

Statistical data were compared among the three syn-
dromes, ANE, AESD and MERS. For numerical data
(age), statistical significance was evaluated with one-
way ANOVA. The homogeneity of the variances was
analyzed by the Levene test; in case of P less than
0.05, pairwise comparisons were made and corrected
by Bonferroni method. For categorical data (outcome),
we used chi square tests with residual analysis.

This study was based on the Ethical Guideline for
Epidemiological Researches published by Ministry of
Education, Culture, Sports, Science and Technology
and Ministry of Health, Labour and Welfare, Japan.

3. Results
3.1. Acute encephalopathy as a whole

Of the 520 hospitals, 265 (51.0%) responded. The
total number of cases of acute encephalopathy was
983. The calculated annual incidence was 302 cases per
year.

There were 497 males (51.0%) and 477 females
(49.0%); no gender difference was noted.

Age at onset ranged from infancy to puberty. The
incidence was most high in infancy and early childhood
(Fig. 1). The average/standard deviation was 4.0 & 3.7
years, and the median was 3 years.

Syndrome classification revealed that AESD was the
most common (282 cases, 28.7%), followed by MERS
(153 cases, 15.6%), ANE (39 cases, 4.0%), HSES (20
cases, 2.0%), limbic encephalitis (15 cases, 1.5%),
Reye-like syndrome (7 cases, 0.7%), AERRPS (6 cases,
0.6%), Reye syndrome (4 cases, 0.4%) and posterior
reversible encephalopathy syndrome (PRES) (4 cases,
0.4%). Thirteen cases (1.3%) had other syndromes, and
431 cases (43.8%) remained unclassified.

Among pathogenic viruses of preceding infection,
influenza virus was the most common (263 cases,
26.6%), followed by HHV-6 (168 cases, 17.0%), rotavi-
rus (40 cases, 4.0%), respiratory syncytial virus (RSV)
{17 cases, 1.7%), mumps virus (9 cases, 0.9%), adenovi-

Case number
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Fig. 1. Age distribution of acute encephalopathy.

rus (7 cases, 0.7%), HHV-7 (6 cases, 0.6%), HSV (6
cases, 0.6%), norovirus (5 cases, 0.5%), Epstein Barr
virus (3 cases, 0.3%), varicella-zoster virus (3 cases,
0.3%), human parechovirus (2 cases, 0.2%}) and measles
virus (1 case, 0.1%). Bacterial pathogens, such as entero-
hemorrhagic Escherichia coli and Salmonella, were
detected in 16 cases (1.6%), and Mycoplasma prieumo-
niae in 9 cases (0.9%). Concomitant infections, such as
HHV-6/RSV and rotavirus/ Campylobacter jejuni or coli,
were found in 5 cases (0.5%). Pathogens remained
unidentified in 401 cases (40.8%).

The outcome of acute encephalopathy varied. Full
recovery was noted in 552 cases (56.2%), mild to moder-
ate sequelae in 218 (22.1%), severe sequelae in 133
(13.5%), and death in 55 (5.6%).

3.2. Major syndromes of acute encephalopathy

3.2.1. AESD

AESD was the most frequent syndrome (282 cases),
with 114 male (40.4%) and 167 female (59.6%) patients.
Age distribution showed a high incidence in infancy
(averagefstandard deviation 1.7 & 2.2 years, median
1 year) (Fig. 2).

Pathogens of the preceding infection were HHV-6 in
108 cases (38.2%), influenza virus in 27 (9.5%), HHV-7
in 5 (1.8%), rotavirus in 4 (1.4%) and RSV in 4
(1.4%). There were no cases of bacterial infection.

Outcome of AESD was characterized by low fatality
and a high incidence of neurologic sequelae. Full recov-
ery was noted in 81 patients (28.7%), mild to moderate
sequelae in 116 (41.1%), severe sequelae in 71 (25.1%)
and death in only 4 (1.4%). The ratio of patients with
mild to moderate sequelae was significanily higher than
for ANE (P <0.01) and MERS (P <0.01).

3.2.2. MERS
MERS was the second most frequent syndrome (153
cases), with 80 male (52.3%) and 69 female (45.1%)
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Fig. 2. Age distribution of major syndromes of acute encephalopathy. ANE, acute necrotizing encephalopathy; AESD, acute encephalopathy with
biphasic seizures and late reduced diffusion; MERS, mild encephalitis/encephalopathy with a reversible splenial lesion.

patients. Age at onset varied (average/standard devia-
tion 5.6 & 3.7 years, median 5 years), and was signifi-
cantly higher than for AESD (P <0.01) (Fig. 2).

Pathogens of the precedent infection were influenza
virus in 53 cases (34.4%), rotavirus in 18 (11.7%),
mumps virus in 6 (3.9%), and HHV-6 in only 3 (2.0%).
Notably, there were 5 cases (3.3%) following bacterial
infections.

Outcome was good, with the vast majority of patients
(138 cases, 90.2%) achieving a full recovery. The ratio of
full recovery was significantly higher in MERS than in
AESD (P <0.01). In the remaining patients (11 cases,
7.1%), the sequelae were mild to moderate. There was
no case resulting in severe handicap or death.

3.2.3. ANE

ANE ranked third with regard to incidence (39 cases);
there were 23 male (59.0%) and 16 female (41.0%)
patients. Age at onset of ANE showed the highest inci-
dence in infancy (average/standard  deviation
3.3 & 3.4 years, median 2 years) (Fig. 2), and was signif-
icantly higher than for AESD (P < 0.01) and lower than
for MERS (P < 0.01).

Pathogens of the preceding infection were influenza
virus in 16 cases (41.0%) and HHV-6 in 8 (20.5%). There
was no case of bacterial infection.

Outcome was poor in most patients. Full recovery
was noted in only 5 patients (12.8%), mild to moderate
sequelae in 9 (23.0%), severe sequelae in 13 (33.3%)
and death in 11 (28.2%). Compared to AESD, the mor-
tality of ANE was higher, whereas the probability of
neurologic sequelae was comparable. The ratio of full
recovery was significantly lower than for AESD

(P <0.01) and MERS (P <0.01), and that of death sig-
nificantly higher than for AESD (P <0.01) and MERS
(P <0.01).

3.2.4. HSES ‘

HSES was the fourth most common syndrome (20
cases), with 8 male (40.0%) and 12 female (60.0%)
patients. Age at onset ranged from 0 to 8 years. The
average and median age was 2.9 + 2.9 years and 1 year,
respectively.

Pathogens of the preceding infection were influenza
virus in 3 cases, HHV-6 in 2, norovirus in 1, and RSV
in 1.

Outcome was very poor. Eleven patients (55.0%)
died, whereas only 2 (10.0%) showed full recovery.
The remaining patients had neurologic sequelae, mild
to moderate in 1 (5.0%) and severe sequelae in 5 (25.0%).

3.3. Major pathogens of acute encephalopathy

3.3.1. Influenza virus

Influenza virus was the most common pathogen (263
cases), with 153 male (58.2%) and 109 female (41.8%)
patients. Age at onset of influenza-associated encepha-
lopathy ranged widely from infancy to puberty (Fig. 2).
The mean and median ages were 6.3 + 3.4 and 6 years,
respectively.

Syndrome classification revealed that MERS was the
most common (53 cases, 20.2%), followed by AESD (27
cases, 10.3%), ANE (16 cases, 6.1%), HSES (3 cases,
1.1%), Reye, Reye-like and other syndrome (each 1 case,
0.4%). More than half of the patients (158 cases, 60.1%)
were unclassified.

P
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The outcome varied. Although many patients
achieved a full recovery (199 cases, 75.7%), fatal cases
were not uncommon (18 cases, 6.8%). Neurologic seque-
lae were mild to moderate in 22 patients (8.4%), and
severe in 22 (8.4%).

3.3.2. HHV-6

HHV-6 was the second most common pathogen (168
cases), with 73 male (43.5%) and 95 female (56.5%)
patients. The vast majority of patients were infants
under 2 years of age (Fig. 2). Age at onset of HHV-6-
associated encephalopathy (average/standard deviation
0.8 4+ 1.1 year, median 1 year) was significantly lower
than  with  influenza-associated = encephalopathy
(P <0.001). ,

Among encephalopathy syndromes, AESD was by
far the most common (108 cases, 64.3%). Eight patients
had ANE (4.8%). Other syndromes, such as MERS (3
cases, 1.8%), HSES (2 cases, 1.2%) and limbic encepha-
litis (1case, 0.6%), were rare. The number of unclassified
cases was smaller (39 cases, 23.2%) than for influenza.

Half of the patients recovered (85 cases, 50.6%).
Fatality was low (3 cases, 1.8%); however, many patients
were left with neurologic sequelae, being mild to moder-
ate (48 cases, 28.6%) or severe (28 cases, 16.7%).

3.3.3. Rotavirus

Rotavirus was the third most common pathogen (40
cases, 16 male and 23 female). The average and median
ages were 2.8 2.4 and 2 years, respectively. Eighteen
patients had MERS (45.0%), four AESD (10.0%), and
one ANE (2.5%). Full recovery was noted in 28 patients
(70.0%), mild to moderate sequelae in 5 (12.5%), severe
sequelae in 3 (7.5%), and death in 3 (7.5%).

3.34. RSV :

RSV was the fourth most common pathogen (17
cases, 4 male and 13 female). The average and median
ages were 1.4 £ 0.9 and 1 year, respectively. There were
4 cases of ABSD, and 1 case each of MERS and HSES.
Full recovery was noted in 12 patients (70.6%), mild to
moderate sequelae in 3 (17.6%), severe sequelae in 2
(11.8%), and death in none.

4. Discussion

In this study, the Research Committee on the Etiology,
Diagnosis and Treatment of Severe and Intractable Acute
Encephalopathy, supported by the Ministry of Health,
Labour and Welfare of Japan, conducted a nationwide
survey on the epidemiology of acute encephalopathy. In
Japan, several studies have previously been performed
on the epidemiology of acute encephalitis/encephalopa-
thy[6-10]. All these studies classified encephalitis/enceph-
alopathy pathogenically (virologically), but not
syndromically (clinico-pathologically). They paid little

S R RIS

attention to the distinction between encephalitis and
encephalopathy. Some were performed prior to the
advent of clinically useful virological methods, such as
immunochromatography (rapid antigen detection) for
influenza virus and rotavirus [6,7], resulting in inaccurate
virological diagnosis in many cases. The present study is
the first to focus on acute encephalopathy, and uses both
pathogenic and syndrome classifications.

QOur study, however, had several limitations. First,
the rate of responding hospitals was not high (51.0%),
excluding accurate estimation of the nationwide inci-
dence. Second, this survey was a multi-center study in
which many and varied hospitals participated. Among
them, the medical activities, including various aspects
of diagnosis and treatment, are diverse. Accordingly,
the quality of the data obtained in this study are not well
guaranteed. For instance, most cases of MERS, as well
as many cases of AESD, cannot be properly diagnosed
without magnetic resonance imaging (MRI) [13]. Poor
access to MRI in some hospitals may cause under-
diagnosis of these conditions. In addition, some institu-
tions may have failed to perform proper virological
examination for the diagnosis of exanthema subitum.
It is thus plausible that several cases of HHV-7-associ-
ated encephalopathy were misdiagnosed into HHV-6-
associated encephalopathy.

Despite these limitations, this study has several
strengths. First, the study area covered all prefectures
in Japan. Second, a large number of cases were col-
lected. Third, recent advances in virological examination
have facilitated rapid and accurate identification of
pathogens. Fourth, diagnostic criteria have recently
been established for multiple syndromes [12-14],
enabling proper syndrome diagnosis in many cases.
Taking advantage of this, this study successfully demon-
strated many important features of each syndrome as to
its age distribution, relation to pathogens, and
prognosis.

Among the three major syndromes, ANE, AESD and
MERS, there were striking differences. With regard to
age distribution, the mean age was 1.7 years in AESD,
3.3 years in ANE, and 5.6 years in MERS. Most cases
of AESD occurred in infancy (0-1 years), and those of
ANE in infancy and early childhood (0-5 years). By
contrast, MERS was often seen in schoolchildren
(Fig. 2). These findings were comparable to those of pre-
vious studies on AESD [3,16], ANE [2,12] and MERS
{41

With regard to pathogens of the preceding infection,
ANE and MERS were strongly associated with influ-
enza, In AESD, by contrast, HHV-6 was the most com-
mon pathogen. The findings of ANE in this study are
comparable to those reported in 1990’s [2,12]. Compar-
ison with previous data [3,4,16] suggests an increase of
influenza-associated MERS and a decrease of influ-
enza-associated AESD in this decade. In this study, it
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was noteworthy that five cases of MERS had a preced-
ing bacterial infection. This finding is in agreement with
previous data that 6 out of 54 MERS cases were infected
with streptococcus and E. coli (3 cases each) [13]. In con-
trast, bacterial pathogens were identified in none of the
ANE and AESD cases. Although there have previously
been several reports of ANE following bacterial infec-
tions [17,18), such cases are exceptional.

The prognosis of ANE and HSES was poor. In many
cases, ANE caused either death or neurologic sequelae.
The findings were comparable to those in the 1980’s and
1990°s [2,12], indicating that the overall prognosis of
ANE has not been improved substantially despite the
efficacy of corticosteroids in some cases [19]. The prog-
nosis of AESD was characterized by low mortality
(1.4%) and the high possibility of neurologic sequelae
(66.2%). These results are again comparable to those
of previous studies [3,16], reflecting the failure of current
therapies to protect patients from neurologic damage in
AESD. By contrast, the prognosis of MERS was excel-
lent, in agreement with the findings of previous reports
[4,13].

A large population (43.1%) of patients remained
unclassified into specific syndromes. This group may
consist of (1) cases of mild encephalopathy showing no
abnormal findings on cranial CT/MRI, (2) cases of
unknown or uncommon types of encephalopathy, and
(3) cases of MERS, AESD and other syndromes in
which proper diagnosis could not be reached.

In this study, we also classified acute encephalopathy
based on pathogens (1], and found differences between
influenza virus and HHV-6 in age distribution, syn-
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drome, and prognosis. With regard to age, HHV-
6-associated encephalopathy was predominantly seen
in infants, whereas influenza-associated encephalopathy
was prevalent also in older children (Fig. 3). This
difference is partially explained on the basis of age
predilection of these viruses, namely the incidence of
exanthem subitum and influenza in general. As to syn-
dromes, HHV-6 was associated strongly with AESD,
but not with MERS. By contrast, influenza was associ-
ated with all three major syndromes, AESD, ANE and
MERS. Reasons for this discrepancy remain unclear.
Multiple factors, such as neurovirulence of these
viruses, the host response of inflammatory cytokines,
and development of the human brain, may possibly be
involved. With regard to prognosis, the number of
deaths was higher with influenza-associated encepha-
lopathy, whereas that of neurologic sequelae was higher
with HHV-6-associated encephalopathy. These findings
may merely reflect the difference in the proportion of
syndromes. :

In general, the data obtained in this study were com-
parable to those of previous studies for influenza-associ-
ated encephalopathy (1999-2002) [8] and HHV-6
encephalopathy (2003-2004) [10], with regard to the
incidence, age distribution and sex ratio. As to the prog-
nosis of influenza-associated encephalopathy, however,
mortality has markedly decreased from 30% in 1999-
2000 [8] to 7% in 2007-2010. This decline may have
resulted from improved treatment and/or the altered
incidence of each syndrome.

In conclusion, we conducted a national survey of
acute encephalopathy in Japan during three years,
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Fig. 3. Age distribution of influenza-, human herpesvirus-6- and Rotavirus-associated encephalopathy HHV-6, human herpesvirus-6; Rota,

Rotavirus.
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2007-2010, and revealed the epidemiology of ANE,
AESD, MERS and other syndromes. These syndromes
showed marked differences in their age distribution,
pathogens of preceding infection and prognosis, under-
scoring the necessity for therapies specific to each
syndrome.
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Abstract

Acute Necrotizing Encephalopathy (ANE) is a rare disorder characterized by fever, seizures and rapid progression to coma after
the onset of a viral infection. Most cases are sporadic, however the observation of multiple cases in the same family with recurrent
episodes of ANE led to the identification of a genetic form of the disorder, called ANE], and to the discover of the causative muta-
tion in RANBP2 gene. We report the first Italian child with ANE! carrying the common ¢.1880C > T mutation in the RANBP2
gene, who presented three episodes of acute encephalopathy in the first two years of life. The child showed a less severe clinical
and neuroradiological course with respect to the previously reported patients. During the acute encephalopathy episodes he was
treated with steroids and immunoglobulin. ‘A very low steroid maintenance therapy was administered after the second episode until
the onset of the third. Thirty days after the last episode he started monthly intravenous immunoglobulin that might be used for
prevention of viral infections. At the moment he is still continuing a low steroid maintenance therapy and monthly IVIG. We could
hypothesize that the less severe clinical presentation of the third episode might be correlated to the steroid treatment or that the
patient grew older. Despite there is no evidence to support that ANE1 is an immune-mediated disease, immunomodulatory therapy
might be considered in the management of ANEI cases especially in early childhood, in which a fatal course has been frequently

Abbreviations: ANE, acute necrotizing encephalopathy; RANBP2, RAN-binding protein 2; ICU, intensive care unit; GCS, Glasgow coma scale;
MRI, magnetic resonance imaging; IVIG, intravenous immunoglobulin; CSF, cerebrospinal fluid
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reported. Further studies will be necessary to define the clinical, immunological and genetic aspects, as well as the outcome of immu-

nomodulatory therapy in patients with ANEIL.

© 2011 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Acute Necrotizing Encephalopathy (ANE) is a rare
disorder characterized by fever, seizures and a rapid pro-
gression to coma within days after the onset of a viral
infection. More commonly influenza A, but also influ-
enza B, parainfluenza, and HHV6 affect children with
apparent normal growth and development. The first
cases have initially been reported in Asia by Mizuguchi
[1-3] and then described worldwide [4].

The brain Magnetic Resonance Imaging (MRI) hall-
mark is represented by symmetrical lesions in the thalami,
brainstem tegmentum, cerebellum, and periventricular
white matter [1-3]. Most cases are sporadic and the dis-
ease 1is typically monophasic. However the observation
of multiple cases in the same family with recurrent epi-
sodes of ANE led to the identification of a genetic locus
on chromosome 2q [5,6], with subsequent identification
of causative mutations in the gene RANBP2 (OMIM

601181 ). Thus, in addition to the sporadic ANE, a genetic
form of the disorder, ANE], has been recognized [7].

Here we report the first Italian child with ANEL1
carrying the common ¢.1880C>T mutation in the
RANBP2? gene, who presented three episodes of
acute neurological involvement in the first two years
of life.

2. Case report

Male, 3 years and 9 months old. The first episode of
encephalopathy occurred when he was 5 month-old dur-
ing an episode of gastroenteritis. He presented with
hypotonia and focal seizures and was admitted to Inten-
sive Care Unit (ICU), intubated and ventilated. Brain
MRI showed bilateral involvement of the thalami with
moderate enlargement of lateral ventricles (Fig. 1). He
was started empiric, symptomatic and immunomodula-
tory therapy. The infectious and metabolic investigations

Fig. 1. MRI at presentation. (A) Axial diffusion-weighted image; (B) Axial ADC map; (C) Aaxial T2-weighted image; (D) Axial FLAIR image; (E)
Contrast-enhanced axial T1-weighted image; (F) Axial susceptibility-weighted image. Diffusion-weighted images (A) and corresponding ADC map
(B) clearly show multiple arcas of restricted diffusion against a background of increased diffusion involving both thalami, which are swollen. On
T2-weighted (C) and FLAIR (D) images, the thalami are markedly swollen and hyperintense. On T1-weighted images obtained after intravenous
gadolinium chelate injection (E), multiple necrotic portions are well delineated by peripheral faint, linear enhancement. Incidental choroid plexus
cysts are detected. Susceptibility-weighted image (F) shows multiple hypointense spots, consistent with petechial hemorrhage.
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Table 1

Clinical characteristics of recurrent episodes of ANE in our case.
1st Episode 2nd Episode 3rd Episode

Age 5 mo 18 mo 26 mo

Concomitant Rotavirus RSV Not identified

infection

Duration of fever 2 days 4 days 4 days

before

encephalopathy

AST/ALT (U/L) Normal Normal Normal

CSF 16 cells/mmc 16 cells/mme 6 cells/mmec
glucose 94 mg/dL Glucose 60 mg/dL Glucose 48 mg/dL
protein 172 mg/dL Protein 495 mg/dL Protein 72 mg/dL

Other infectious Negative Negative Negative

investigations

Metabolic Normal - -

investigations

Lymphocytes subset, - Normal -

NK function,

perforin expression

Start of therapy 48 h 33h 12h

after onset

Therapy of the acute  Antibiotic Aantibiotic Antibiotic

episode Acyclovir Acyclovir Acyclovir
Phenobarbital Phenobarbital Phenobarbital
Mannitol Dexamethazone (0.4 mg/kg/day v Methylprednisolone (30 mg/kg/day

Methylprednisolone (30 mg/kg/day
iv for 5 days), followed by oral
dexamethazone (0,5 mg/kg/day) with
tapering IVIG (2 g/kg in 5 days)

for 10 days), followed by oral

tapering IVIG (2 g/kg in S days)

iv for 3 days), followed by oral
dexamethazone (0,3 mg/kg/day) with
tapering IVIG (2 g/kg in 2 days)

—, Not performed; RSV, respiratory syncytial virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

were negative (Table 1). The general and neurological
conditions improved and he was discharged after

22 days. MRI at 9 months showed almost complete res-
olution of the previous picture (Fig. 2).

Fig. 2. MRI at 9 months. (A) Axial diffusion-weighted image; (B) Axial ADC map; (C) Axial T2-weighted image; (D) Axial FLAIR image; (E)
Contrast-enhanced axial T1-weighted image; (F) Axial susceptibility-weighted image. There is almost complete resolution of the previous picture
with only a tiny residual gliotic area in the right thalamus.
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Fig. 3. MRI at 18 months. (A) Axial diffusion-weighted image; (B)
Axial ADC map; (C) Contrast-enhanced axial T1-weighted image; (D)
Coronal T2-weighted image. There is restricted diffusion at level of the
frontal cortex bilaterally (A, B) consistent with cytotoxic edema. The
blood-brain barrier is intact (C) although the cortex is swollen (C, D).

He was well with normal psychomotor development
up to the age of 18 months when he had a 2nd episode
of encephalopathy with fever and irritability and was
admitted to ICU with Glasgow Coma Scale (GCS) 10/
15 for focal seizures. MRI showed both supra and infra-
tentorial cortical and subcortical lesions with diffuse
swelling (Fig. 3). He showed a rapid improvement and
was discharged after 18 days with oral dexamethazone
tapering (Table 1). He continued oral dexamethazone
at maintenance dose of 0.02 mg/kg/day.

At the age of 26 months he showed an episode of
pharyngitis with fever, rapidly followed by irritability,
sopor, balancing and swallowing disturbances. MRI
showed less extensive lesions with respect to the first
exam (Fig. 4). He then underwent to an empiric, symp-
tomatic and immunomodulatory therapy (Table 1).

The child rapidly improved and was discharged after
17 days. Thirty days after the last episode he started
monthly  Intravenous  Immunoglobulin  (IVIG)
{400 mg/kg). IVIG infusion was started to try to obtain
a passive prevention of viral infections; indeed the child
at the onset of the 3rd encephalopathic episode had
serum IgG level at the inferior normal values for age
(457 mg/dL). He continued therapy with dexamethaz-
one (0.075 mg/kg/day) and the vaccination regime was
stopped, waiting to gradually reduce the steroid therapy.

At the last follow up, at 3 years and 9 months of age,
the child presented with progressive cognitive and devel-
opmental improvement. At the moment he is still

Fig. 4. MRI at 26 months. {A) Axial diffusion-weighted image; (B) Axial ADC map; C. axial T2-weighted image; (D) Axzial FLAIR image; (E)
Contrast-enhanced axial T1-weighted image; (F) Axial susceptibility-weighted image. MRI shows relapse of the disease, with findings analogous to

those at presentation (compare with Fig. 1), albeit less severe.




