S. Abe et al. | Brain & Development 33 (2011) 28-34 33
Table 4
EEG findings.
Patient Acute stage Remote stage
Age at EEG EEG findings Age at EEG EEG findings
1 45 days (1) Right frontal dominant slowing 12 months Focal spikes on the
) V right frontal area
2 7 days (2) Right hemisphere dominant mild slowing 48 months Normal
Ictal discharges on the right fronto-centro-parietal area
3 ND ND ND ND
4 59 days (1) Mildly low voltage ND ND
5 45 days (1) Widespread spikes 76 months Mutltifocal spikes
6 2 days (1) Left hemisphere dominant mild slowing ND ND
Ictal discharges on the left frontal area )
ND, not done.

The number in parentheses indicates days after the onset of encephalopathic manifestations.

and acts on the NEMO-mutated cells, inducing their
apoptosis. Because the brain, like the skin, is of ectoder-
mal origin, brain injury can result from the same patho-
genesis. During the first weeks of life, several stimuli can
induce an inflammatory response, including bacterial
colonization of the skin and gastrointestinal tract, oxi-
dative stress due to the transition from intrauterine to
extrauterine life, and exposure to various environmental
antigens. The occurrence of brain injury from the neo-
natal through the early infantile period lends some sup-
port to this hypothesis.

It is noteworthy that the seizures resolved within
5 days, although they were severe and mimicked acute
encephalopathy with clusters or prolonged seizures that
were relatively refractory to antiepileptic drugs, accom-
panied by reduced consciousness. Although additional
seizures occurred in some patients as remote symptom-
atic epilepsy, none had a recurrence of the encephalo-
pathic events. A recurrent encephalopathic event is
likely uncommon, although recurrence of the CNS
injury has rarely been reported [22,23]. These facts sug-
gest that the encephalopathic events in infants with IP
are self-limiting. This may also be explained by the
hypothesis that the CNS injury is related to the
increased sensitivity to the apoptosis of NEMO-mutated
cells. After the NEMO-mutated cells are eliminated, a
large majority of the surviving cells lack the mutation.
The reduction in the number of cells with the mutation
may be related to the paucity of the recurrence of the
encephalopathic events.

The MRI findings in patients with IP include atrophic
changes [13,15], hypoplasia of the corpus callosum
[8,13,17,24], subcortical or deep white matter lesions
[4-8,13-15], and hemorrhagic necrosis [15,17]. Pascual-
Castroviejo et al. reported that the most severe lesions
were located in the subcortical white matter [13]. Several
authors have also reported CNS lesions in the subcorti-
cal or periventricular white matter in patients with IP
[4-8,13-15]. MRI abnormalities were observed in the
subcortical white matter in all of our patients. This indi-
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cates that the subcortical white matter is the most com-
mon site of CNS lesions in patients with IP. Diffusion-
weighted image abnormalities during the acute phase
were also impressive in our patients. Restricted water
diffusion was seen in the corpus callosum, internal cap-
sule, and basal ganglia in addition to the subcortical
white matter. Some authors have reported that DWI
showed reduced diffusion in the corpus callosum and
subcortical white matter [5,11]. This is very similar to
the images of our patients. These facts suggest that cyto-
toxic edema characterizes the CNS lesions of patients
with IP and that DWI is useful for detecting the extent
of the affected regions during encephalopathic events
in patients with IP.

In conclusion, we report the clinical and neuroimag-
ing features of encephalopathic manifestations in
patients with IP during early infancy. The encephalo-
pathic manifestations were characterized by clusters of
seizures and reduced consciousness, although the dura-
tion of the episode was relatively short. MRI abnormal-
ities were predominant in the subcortical areas in most
patients. Further studies are necessary to determine
the pathogenesis of the encephalopathic manifestations
in patients with IP.
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Abstract

We report amplitude-integrated EEG findings in two children with acute encephalopathy with refractory, repetitive partial sei-
zures. Both patients had a febrile illness one week before the onset of seizure. They had reduction of consciousness and repetitive
seizures refractory to first-line antiepileptic drugs. Seizure frequency rapidly increased and evolved into status epilepticus. Contin-
uous seizure monitoring with amplitude-integrated EEG revealed frequent subclinical seizures which were missed by direct obser-
vation. In addition, the site of origin of seizures was multifocal, and seizure foci shifted from one hemisphere to the other. Their
seizures were controlled after an administration of high-dose phenobarbital. Continuous seizure monitoring with amplitude-inte-
grated EEG will contribute to correct estimation of seizure burden and efficacy of antiepileptic drugs in children with acute enceph-
alopathy with refractory, repetitive partial seizures.
© 2010 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Amplitude-integrated electroencephalography; Acute encephalopathy with refractory; Repetitive partial seizures; Seizure monitoring

1. Introduction

Acute encephalitis/encephalopathy with refractory,
repetitive partial seizures (AERRPS) is a unique subtype
of acute encephalopathy of children [1]. AERRPS is
characterized by acute onset of frequent and refractory
partial ~seizures in association with consciousness
impairment. Although the duration of seizures is usually
brief within 5 min, seizures evolve into status epilepticus
within a week after the onset. Seizures in AERRPS are
refractory to first-line antiepileptic drugs such as diaze-
pam and phenytoin. High-dose barbiturate is often nec-
essary for cessation of seizures. Seizure monitoring will

* Corresponding author. Address: Department of Pediatrics, Junt-
endo University School of Medicine, 2-1-1 Hongo, Bunkyo-ku, Tokyo
113-8421, Japan. Tel.: +81 3 3813 3111; fax: +81 3 5800 1580.

E-mail address: okumura@juntendo.ac.jp (A. Okumura).

be important in patients with AERRPS. We performed
continuous seizure monitoring using amplitude-inte-
grated electroencephalography (aEEG) in two patients
with AERRPS. aEEG revealed frequent subclinical sei-
zures in these patients. To our knowledge, this is the first
reports on aEEG findings in patients with AERRPS.

2. Patients report
2.1. Patient 1

The patient was a seven-year-old girl. She was the
second child of non-consanguineous healthy parents
and was previously healthy except for a history of three
simple febrile seizures. Her family history was unre-
markable. Six days before admission, she had a febrile
illness lasting for 3 days. She was admitted to a local

0387-7604/$ - see front matter © 2010 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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hospital with repetitive seizures and reduced conscious-
ness. Physical and neurological examination, and labo-
ratory data -were unremarkable, except for mild
elevation of C-reactive protein (1.2 mg/dl). Cerebrospi-
nal fluid examination was not performed. MRI includ-
ing diffusion-weighted images was also unremarkable.
Virological studies were not performed except for nega-
tive herpes simplex DNA in cerebrospinal fluid.

Her seizures were characterized by reduced con-
sciousness, eye deviation, and oral automatism. The
duration of seizures was 3—10 min. Although diazepam,
carbamazepine, phenytoin and lidocaine were adminis-
tered, her seizures increased and consciousness impair-
ment was worsened. She was transferred to our
hospital on the 3rd day of illness. EEG showed general-
ized slowing, and she was diagnosed as having AER-
RPS. Despite that she was treated with continuous
midazoram and intravenous dexamethasone, but status
epilepticus occurred on the 7th day of illness. Seizure
monitoring with multi-channel aEEG was started.
Although 0.5 mg/kg of intravenous diazepam was inef-
fective, her seizures were controlled after intravenous
injection of 15 mg/kg of phenobarbital (Fig. 1). No clin-
ical seizures were noted until the end of 24-h aEEG
monitoring, although subclinical seizures appeared 3 h
after the beginning of aEEG. Multifocal origin and a
shift of seizure foci were observed on ictal conventional
EEG. The first 3 seizures began in the right fronto-cen-
tral area. Epileptiform discharges spread to adjacent
areas, and then seizure focus shifted to the left fronto-
central area. The fourth seizures began in the left cen-
tro-parietal area and end in the right fronto-central area.
A total of 16 subclinical seizures were recorded. Eleven
of them began in the left fronto-central areas and the
remainders in the left fronto-central areas. A shift of sei-
zure foci was not observed in any subclinical seizures.
Her seizures were controlled by 10 mg/kg of phenobar-
bital and 0.3 mg/kg of clobazam 3 weeks after the onset.

She had subnormal mentality and mild conduct dis-
orders with oppositional behavior. No motor impair-
ment was observed. One month after the discharge,
she had weekly seizures with loss of consciousness with
or without head rotation or asymmetric posturing. Her
seizures were almost controlled by a combination of
lamotrigine, phenobarbital and clobazam.

2.2. Patient 2

The patient was a previously healthy eight-year-old
girl. She was the third child of non-consanguineous
healthy parents. Her mother and elder brothers had a
history of simple febrile seizures. One week before
admission, she had a febrile illness lasting for 4 days.
She was admitted to a local hospital with clustering sei-
zures and reduced consciousness. On admission, physi-
cal and neurological examination, and laboratory data
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were unremarkable. Cerebrospinal fluid revealed normal
cell counts and protein level. MRI on admission
revealed no abnormal findings, including diffusion-
weighted images. Virological studies were not performed
except for negative herpes simplex DNA in cerebrospi-
nal fluid.

She had frequent seizures with desaturation with or

- without oral movement lasting for 3-5min. She was
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diagnosed as having AERRPS and was treated with

‘continuous infusion of midazoram, phenobarbital sup-

pository, and intravenous dexamethasone. However,
her seizures were refractory against these drugs. Con-
ventional EEG on admission revealed general slowing
and one ictal recording with a shift of seizure focus
(Fig. 2). At the beginning of the seizure, spiky fast waves
were observed on the right fronto-central area. Epilepti-
form discharges gradually spread to the adjacent areas
and result in secondary generalization. Thereafter, ictal
focus shifted to the left occipito-temporal area. Conven-
tional EEG at 6th day of illness also showed generalized
slowing and two ictal recordings. The seizure foci was
located at the left central area in one seizure and at
the right temporal area in the other. A shift of seizure
focus was not observed.

Continuous seizure monitoring with single-channel
aEEG was performed from the 6th day of illness. We
chose Fpl-Fp2 derivation, because stable long-term
electrode placement was easy. aEEG demonstrated
marked clusters of seizures lasting for 3-5 min with
short intervals (Fig. 2). This finding was continuously
observed until the 11th day of illness. The number of sei-
zures was more than 200 every day. However, approxi-
mately 20 seizures were noticed on the basis of nursing
records every day. Large majority of seizures were not
recognized by direct observation.

She was transferred to our hospital at the 11th day
of illness. Seizure monitoring with multi-channel
aEEG confirmed a cessation of seizures after the
serum level of phenobarbital reached 67 pg/ml. One
month later, she had sporadic seizures with loss of
vision with preserved consciousness. Her seizures were
controlled by valproate and clobazam. No cognitive or
motor impairment was observed after 13 months of
follow-up. ‘

3. Discussion

We performed continuous seizure monitoring with
aEEG in two children with AERRPS. aEEG unexpect-
edly revealed frequent subclinical seizures in both
patients. In addition, ictal conventional EEG demon-
strated not only that the site of origin of seizures was
multifocal, but also that seizure foci shifted from one
hemisphere to the other. These facts are very important
to clarify the pathogenesis and optimal treatment in
children with AERRPS.



A. Okumura et al. | Brain & Development 33 (2011) 77-82

79

“EE===D7P 0.5mg/kg=PB 15mgkg

00.10 0020 00,30 00,40 00.50

¥ - O 0
0100 01.30 0140 0150

02;20 0z, .‘50

¥ ¥
03.20 03.30

06.30

Fp1-A1
Fp2-A2 .
F3-A1
F4-A2 S
c3-A1
C4-A2
T3-A1
T4-A2
P3-A1
P4-A2
01-A1
02-A2

L

SECSE NN

¥
97.30

i
; !
H
H

Fig. 1. Amplitude-integrated and raw EEG in Section 2.1. (Top) Amplitude-integrated EEG. The first 8 h is shown. Four clinical seizures were
observed during the first 1 h. Seizures were transiently controlled after intravenous phenobarbital. However, subclinical seizures appeared after a 3-h
of interval. The numbers below horizontal axes indicate time after the beginning of the recording. (Bottom) Raw EEG of the third seizure. At the
beginning, rhythmic low-voltage fast wave bursts were seen in the right fronto-central area (left). Seizure focus shifted to the left hemisphere
approximately 3 min after the beginning of the seizure (right). Asterisks indicate clinical seizure, and arrows indicate subclinical ones. DZP:

diazepam, PB: phenobarbital.

Frequent subclinical seizures are an important prob-
lem in clinical settings. Although it is established that
subclinical seizures are quite frequent in neonatal sei-
zures [2,3], their occurrence has not been confirmed in
older children with acute encephalitis/encephalopathy.
There has been no previous description on subclinical
seizures in patients with AERRPS. This may indicate
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that subclinical seizures have been left unnoticed and
leads to under-estimation of seizure burden, over-esti-
mation of efficacy of antiepileptic drugs, and insufficient
treatment for seizures. In this aspect, continuous seizure
monitoring using aEEG will be useful. At first, aEEG
monitoring can show seizure burden quantitatively. Pre-
cise evaluation of seizure burden is difficult by direct
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Fig. 2. Amplitude-integrated and conventional EEG in Section 2.2. (Top) Amplitude-integrated EEG on the 6th day of illness. Typical saw tooth
pattern, characterized by continuous rise-and-falls of maximum and minimum boarders, was observed. This indicates continuous occurrence of short
seizures. Broken lines indicate clinical seizures detected by the nursing stuff. A majority of seizures were missed. (Middle) Amplitude-integrated EEG
on the 11th day of illness. No seizures were observed. (Bottom) Conventional EEG on the 6th day of illness. At the beginning, rhythmic low-voltage
fast wave bursts appeared in the right fronto-central area (left). However, the seizure ended in the left occipito-parietal area (right).

observation, because the clinical symptoms of seizures in
children with AERRPS are subtle. In fact, large major-
ity of seizures were overlooked or subclinical in our
patients. Secondly, aEEG monitoring clearly demon-
strated the efficacy of antiepileptic treatment in our
patients. Continuous infusion of midazoram was not
effective, whereas intravenous phenobarbital was quite
effective in our patients. aEEG will be quite useful to
determine the optimal treatment in children with
AERRPS.
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A comparison between conventional EEG and aEEG
is shown in Table 1 [4-6]. Application of the electrodes
and data interpretation are easier in aEEG than in con-
ventional EEG. aEEG recordings and their interpreta-
tion can be performed by untrained personnel after
only a brief explanation. aEEG can be started anytime,
whereas conventional EEG cannot be performed when
experts are out of hospital. However, aEEG also pos-
sesses several limitations. The most significant problem
is the limited number of electrodes, which may result
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Table 1

The comparison between conventidnal EEG and amplitude-integrated EEG [4-6].

Conventional EEG

Amplitude-integrated EEG

Application of electrodes Sometimes complicated Easy

Operation of recorder Rather complex Easy

Long-term recording Difficuit Easy
Interpretation Needs specialized skill Usually easy
Sensitivity for seizure detection Excellent Less sensitive
Recognition of artifact Usually easy Sometimes difficult
Changes of waveforms Detectable Undetectable

in missing seizure discharges that occur far from the
electrodes [7]. Therefore, conventional EEG is also nec-
essary for the correct diagnosis of seizures. Secondly,
aEEG is not useful for the detailed assessment of ictal
EEG changes due to the limited number of channels
and highly time-compressed output. It will be difficult
to assess the relationship between aEEG findings and
seizure semiology. ‘

It is interesting that the site of seizure origin was mul-
tifocal in our patients, whereas seizure manifestation
was almost uniform in each patient. There has been no
description on multifocal seizure origins in children with
AERRPS, although multifocal paroxysmal discharges
have been reported. It is also remarkable that seizure
foci sometimes shifted from one hemisphere to the other
during a single seizure. A shift of seizure foci is quite fre-
quent in seizures of neonates [8,9], and is sometimes
observed in seizures during infancy [10]. Migrating sei-
zure foci are characteristic in malignant migrating par-
tial seizures in infancy, one of the most severe forms
of early infantile epileptic encephalopathy [11]. How-
ever, a shift of seizure foci is very unusual in older
children.

Several authors coincide with the efficacy of high-
dose barbiturate inducing burst-suppression during the
acute phase of AERRPS [12-15]. Lin et al. suggested
efficacy of topiramate in combination with lidocaine
and phenobarbital [14]. High-dose phenobarbital was
markedly effective in our patients, although burst-sup-
pression coma was not necessary. These facts strongly
indicate that high-dose barbiturate should be the first
choice of antiepileptic drugs, when we encounter the
patients with probable AERRPS with severe clustering
of focal seizures.

There can be a controversy on whether or not our
patients should be included into AERPPS. The mode
of onset and refractory, repetitive, partial seizures in
our patients meet the proposed diagnostic criteria [1].
However, suppression-burst coma was not necessary in
our patient. Moreover, short interval was present before
the switchover to epilepsy as a sequel. These two items
are not consistent with the diagnostic criteria. The core
features of AERRPS will be the mode of onset and
refractory, repetitive partial seizures, which were also
seen in our patients. In addition, some of the patients
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with AERRPS reported by Lin et al. did not necessitate
suppression-burst coma and had transient cessation of
seizures [14]. Therefore, we considered that our patients
can be included into less severe spectrum of AERRPS,
because our patients fulfilled the core features and sup-
portive findings.

In conclusion, continuous aEEG monitoring of sei-
zures was performed in two children with AERRPS.
Frequent subclinical seizures observed on aEEG high-
lighted the necessity of seizure monitoring in AERRPS.
Continuous seizure monitoring with aEEG will contrib-
ute to correct estimation of seizure burden and efficacy
of antiepileptic drugs. aEEG may help to improve anti-
epileptic treatment in children with AERRPS and their
neurological outcome.
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Is It Time to Study TLR3
or UNC-93B Pathway
Deficiencies in Reactivated
Herpes Simplex

Encephalitis?

To The Editors:

have read with keen interest the article by

Gong et al titled “Herpes Simplex Virus
Reactivation After Subtotal Hemispherec-
tomy in a Pediatric Patient.”’ I would like
to point out that in the last few years, 2
main primary immunodeficiencies have
been identified related to herpes simplex
infections: TLR3 and UNC-93B deficien-
cies. The authors do not mention whether
these 2 deficiencies were ruled out.

TLR3 deficiency was reported in 2
children. They showed impaired respon-
siveness of their fibroblasts to poly(I:C)
stimulation (mimicking viral dsRNA).
These 2 patients had severe HSV-1 infec-
tion (encephalitis).”

To date only 2 children with UNC-
93B deficiencies have been identified af-
ter isolated HSV-1 encephalitis. They
lacked functional UNC-93B, an endoplas-
mic reticulum protein required for toll-
like receptors signaling linked with viral
defense (TLR3, TLR7, TLRS, and TLRY).
In these 2 children upon HSV-1 stimula-
tion, peripheral blood mononuclear cells
produced almost absent levels of IFN-a
and IFN-b.?

Although there have been only a
few patients with these deficiencies, due
to the uncommon presentation of this in-
fection upon surgery, perhaps cases
should lead us to rule out a deficiency in
the host.

Luis I. Gonzalez-Granado, MD

Pediatrics and Immunodeficiencies
Hospital 12 octubre

Madrid, Spain
nachgonzalez@gmail.com
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LETTERS TO THE EDITOR

Pandemic A (H1NT1)
Influenza in Hospitalized
Children in Warsaw,
Poland

To the Editors:
The report by Kumar et al' on hospital-
ized children with pandemic influenza
prompts us to present our data on pandemic
variant A (HIN1) influenza, confirmed with
reverse transcription polymerase chain reac-
tion in 100 children (51 boys and 49 girls)
with a median age of 5 years and 2 months.
Most of them (85%) were diagnosed between
November 15 and December 30, 2009; no
case was diagnosed after January 2010. All
children were admitted to Warsaw hospitals
for diagnosis and therapy. Of the 100 chil-
dren, 48 (48%) children had underlying med-
ical conditions recognized as risk factors for
serious influenza infection (Table 1).

Because pandemic influenza vaccines
were not purchased and registered .in Poland,
none of our patients had been vaccinated
against A (HIN1) influenza. (The Polish Min-
istry of Health did not decide for central
purchase of any of the “pandemic” vaccines,
because the experts regarded investigations
on safety as insufficient and requested that
producers to take responsibility for possible
adverse effects. After prolonged negotiations,
producers have refused this request.)

Ninety-six patients had clinically ap-
parent influenza infection. The leading
symptoms were as follows: fever in 89.6%,
cough in 70.8%, coryza in 53.1%, sore
throat in 34.4%, digestive tract disorders
(vomiting, diarrhea, abdominal pain) in
25.0%, malaise (muscle and/or bone pains)
in 19.8%, headache in 13.5%, dyspnea in
10.4%, and conjunctivitis in 7.3%.

In 20 of the 96 (20.3%) cases, influ-
enza was complicated by pneumonia. Of
these, 11 (55%) children had risk factors; 4
of the latter required intensive care and
mechanical ventilation for respiratory dis-
tress and heart failure. Three children died:
2 with acute lymphoblastic leukemia and 1

TABLE 1. Leading Risk Factors
Risk Factors (%lﬁllggzr;)
Age <2 yr 23/100
Chronic diseases and defects
Hematologic malignancy 11/100
Asthma and chronic lung 8/100
disease
Inflammatory bowel diseases 5/100
Cardiac defects and heart 4/100
failure
Other 11/100

with bronchopulmonary dysplasia and con-
genital heart defect complicated by pulmo-
nary hypertension.

In 62 of 100 (62%) children, oselta-
mivir was administered. In 4 of 100 chil-
dren with hematologic malignancy, prophy-
lactic oseltamivir treatment was given, and
despite the fact that A (HIN1) infection was
confirmed by reverse transcription polymer-
ase chain reaction, symptomatic influenza
did not develop in these children. In the
remaining 58 of 100 (58%) children, osel-
tamivir was used for treatment and in 25 of
58 (43%) children, antibiotic therapy was
also given. In most of these children, 57 of
62 (91%), oseltamivir was well tolerated.

The clinical course of A (HIN1) in-
fluenza infection was similar to seasonal
influenza, as has been reported from the
United States and Canada.>™*

Andrzej Radzikowski, MD, PhD
Lukasz Dembinski, MD

Department of Paediatric Gastroenterology
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Medical University of Warsaw
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Ewa Talarek, MD, PhD
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Letters to the Editor

Amoebic Abscess of the
Spleen and Fatal Colonic
Perforation

To the Editors:
Each year about 50 million patients de-
velop amoebic dysentery from Entam-
oeba histolytica infections; 40,000 to
110,000 die of the disease annually.'
Complications are liver, lung, or brain
abscesses, and severe colitis, leading to
colonic perforation and toxic shock with a
case-fatality rate of more than 50%, espe-
cially in young children.'~* Occasion-
ally involvement of the spleen has been
reported.”™’

We present 2 young Tanzanian
children who suffered from an abscess of
the spleen and colonic perforation, re-
spectively, and were treated at Haydom
Lutheran Hospital, a rural health institu-
tion in northern Tanzania. The 400-bed
hospital serves a population of more than
500,000 people and consists of surgical,
internal medicine, gynecologic/obstetric,
pediatric, and tuberculosis wards. The
laboratory and radiology facilities are
quite basic, but medical and surgical
treatment is of good quality compared to
other health facilities in the country.

Case 1. A 7-year-old boy was ad-
mitted with a history of high temperature,
chest and abdominal pain, cough, and
dyspnea for several days. Vomiting, diar-
rhea, or dysentery were not reported. Ma-
laria, anemia (hemoglobin, 5.6 g/dL), and
bacterial pneumonia were diagnosed and
treated with intravenous quinine (30 mg/
kg/d t.i.d.), and ampicillin (100 mg/kg/d
t.i.d.) for 7 days. A blood transfusion was
not indicated. After having improved for
some days, the patient again complained
of severe abdominal pain. At that time, a
protrusion of the left upper abdominal
quadrant was visible. An abdominal ultra-
sound showed a cystic lesion at the posi-
tion of the spleen (7 X 7 X 8 cm), splenic
tissue itself was not clearly visible. The
liver was unremarkable. A chest radio-
graph was normal. No other imaging tech-
niques were available. The white blood
cell count was 9800/uL and the erythro-
cyte sedimentation rate' 130 mm in the
first hour. More investigations like cul-
tures were not possible. Because an ab-
scess was suspected, an exploratory lapa-
rotomy was performed. At the time of
operation, a cystic lesion was found
within small remnants of splenic tissue.
The cyst was cleaned and drained for 5
days. On examination of the whitish,
thickened fluid, trophozoites of E. histo-
Iytica were found microscopically. The

© 2010 Lippincott Williams & Wilkins
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patient was treated with intravenous met-
ronidazole (50 mg/kg/d t.i.d.) for 10 days
and recovered well. An oral luminal
amoebicide for eradication of amoeba was
not available. A control ultrasound 2
weeks after operation showed a normal
spleen. The patient was discharged in
good condition, but then lost to follow-up.
Case 2. An 11-day-old male neo-
nate (home delivery) was admitted with
signs and symptoms of neonatal sepsis,
including fever at 39°C, difficulty in
breathing, distended abdomen, severe
jaundice (bilirubin measurement not pos-
sible), and anemia (7.2 g/dL). Further
investigation revealed that, after an un-
eventful pregnancy and delivery at home,
the neonate developed fever on the third
day of life and was treated with chloro-
quine (total 25 mg/kg in 4 doses) because
of suspected congenital malaria by the
local nonphysician health care provider.
The following days, the neonate was
breast-feeding, but only with reduced ef-
fort, and developed constipation. Bloody
diarrhea was not reported. Shortly after-
ward the condition deteriorated, accord-
ing to the parents, and the infant was
brought to hospital. Further diagnostic
work-up with plain abdominal radiograph
and ultrasound revealed intestinal paraly-
sis without clear signs of perforation or
free fluid. After the infant had been sta-
bilized for 1 day with intravenous fluids,
antibiotics (ampicillin  [200 mg/kg/d
ti.d.], gentamicin [5 mg/kg/d o.d.], and
metronidazole [50 mg/kg/d t.i.d.]), and a
blood transfusion, a laparotomy was per-
formed on the second day. Multiple per-
foration sites were found at the cecum and
transverse and descending colon, accom-
panied by a small bowel obstruction and
fecal peritonitis. Large parts of the trans-
verse and descending colon had to be
resected, a colostomy was necessary. Tro-
phozoites of E. histolytica were identified
in the stool in the abdominal cavity. After
operation, the condition deteriorated fur-
ther due to the scarcity of medical and
intensive care options (besides fluids and
antibiotics only ventilation by hand pos-
sible), and the neonate died on the first
postoperative day in septic shock. After
his death, the parents admitted that they
had given him nonsterile rainwater during
the first week of life, a common tradi-
tional remedy for constipation in neonates
in their tribe. No further inquiries were
possible as the parents left shortly after
their child’s death and never returned to
the hospital. ,
Amoebic abscess of the spleen has
been reported only a few times so far.>~’
Typically, adults were affected. Because
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of suspected bacterial abscess, lapar-
otomy was frequently performed.®’ Be-
cause a diagnosis of amoebic abscess of
the spleen is extremely rare, even in en-
demic countries, most likely in all cases
an exploratory operation is indicated. The
risk of spreading amoebic infection to the
peritoneal cavity appears to be low; it has
not yet been reported. Medical treatment
with intravenous metronidazole (or tini-
dazole) was added after diagnosis. The
overall prognosis seems to be excellent as
all patients recovered.’~’ An oral luminal
amoebicide like paromomycin should be
added after treatment to eliminate amoe-
bic parasites in the colon,’ but this was
not available at our hospital. The patho-
genesis of amoebic splenic abscesses re-
mains unclear. Possibly, some organisms
invade via the vena lienalis or directly
into the spleen from adjacent intestines.’

A symptomatic amoebic infection in
neonates is extremely rare, even in endemic
regions like rural Africa, and usually presents
as septicemia.>®® Vertical transmission has
been documented, but more often the neo-
nates get infected by nonsterile feeding tech-
niques, either with milk, water, or nonsterile
utensils. Often these fluids are given due to
cultural or traditional reasons.'® If infection

" occurs, severe colitis seems to be the most

common clinical manifestation although
amoebic liver abscess has been reported as
well>®® The prognosis in neonates is
guarded especially with the development of
toxic colitis ‘and colonic perforation.’ In de-
veloping countries, where most of these cases
would occur, the prognosis is especially poor.
Besides the neonate’s immature immune sys-
tem and often delayed presentation by the
parents to the health institution, lack of appro-
priate diagnostic and therapeutic tools con-
tributes to the high mortality. High-level in-
tensive care medicine is rarely available.
Whether an operation is justifiable under
these circumstances, must be decided upon
each single case. Traditional customs have to
be considered as in our second case, and
should be discouraged in a culturally sensitive
approach.'°

Carsten Kriiger, MD, MIH, Dr Med
Department of Paediatrics,
St.-Franziskus-Hospital

Ahlen, Germany

Isaack Malleyeck, AMO

Naftali Naman, AMO

Haydom Lutheran Hospital

Mbulu, Tanzania
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Acute Encephalopathy in
a Child With Secondary
Carnitine Deficiency due
to Pivalate-conjugated
Antibiotics

To the Editors:

econdary carnitine! deficiency caused

by chronic administration of pivalate-
conjugated antibiotics has been reported to
cause hypoketotic hypoglycemia and acute
encephalopathy.' We also report a case of
a boy with acute encephalopathy associated
with camitine deficiency due to pivalate-
conjugated antibiotics.

A 3-year-11-month-old boy was ad-
mitted to our hospital because of reduced
consciousness and pyrexia. He had a lum-
bar meningocele treated with ventriculo-
peritoneal shunt. For the prophylaxis of
urinary tract infection, 100 mg of cefteram
pivoxil had been administered daily for 12

Supplemental digital content is available for this
article. Direct URL citations appear in the
printed text and are provided in the HTML and
PDF versions of this article on the journal’s Web
site (www.pidj.com).
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months. Two weeks before admission, he
had transiently reduced consciousness with
hypoketotic hypoglycemia (blood glucose
of 12 mg/dL).

On admission, he was comatose.
Physical and neurologic examinations
were unremarkable. Laboratory examina-
tions revealed blood glucose of 16 mg/dL
with negative urinary ketone. Blood gas
analysis, liver and renal function, and
serum ammonia tests were normal. Al-
though blood glucose returned to normal
range after intravenous glucose infusion,
he remained comatose and had repetitive
seizures in the right arm.

MRI on the third day of illness re-
vealed increased signal intensities in the left
frontal and parietal regions on diffusion-
weighted images (Fig., Supplemental Digital
Content 1, http:/links.lww.com/INF/A633).
He was treated with methylprednisolone
pulse therapy and midazolam infusion. He
regained consciousness on the 11th day of
illness. Fluid-attenuated inversion-recovery
images on the 20th day of illness revealed
gliotic changes (Fig., Supplemental Digital
Content 1, http:/links.lww.con/INF/A633).
He was discharged from our hospital 26 days
after admission.

He had additional episodes of hypo-
glycemia after discharge. Urinary metabolic
screening revealed nonketotic dicarbonic
aciduria suggesting carnitine deficiency.
Secondary carnitine deficiency due to
cefteram pivoxil was proven by decreased
serum free carnitine value of 0.37 umol/L
(reference, 41.3 = 15.5 umol/L) and ele-
vated C5-acylcarnitine attributable to piv-
alate on tandem mass spectrometry. After
cefteram pivoxil was changed to cefaclor
with oral L-camnitine supplementation, no
episodes of hypoglycemia occurred. His
carnitine serum concentration was 58.65
umol/L at 3 months after the cessation of
cefteram pivoxil.

We consider that acute encephalopa-
thy of our patient is not totally attributable
to hypoglycemia alone. Hypoglycemia in
our patient was mild and transient and MRI
findings were different from those of hypo-
glycemic encephalopathy demonstrating bi-
lateral lesions in deep gray matter, cerebral
cortex and white matter, and/or hippoc-
ampi>* Our patient had unilateral lesion
similar to acute encephalopathy caused by
influenza or other viral infections.’

Makino et al® reported a boy with
reduced consciousness, repetitive seizures,
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and hypoketotic hypoglycemia similar to
our patient. Their patient had been taking
cefditoren pivoxil for 6 months. His serum
free carnitine level was 6.2 pumol/L. They
concluded that carnitine deficiency was the
direct cause of acute encephalopathy. An-
other possible explanation is that carnitine
deficiency may be a predisposition to acute
encephalopathy with a febrile illness. As
stated above, neuroimaging findings were
different from those of hypoglycemic en-
cephalopathy, and cardiac or skeletal mus-
cle involvement, that is typical for primary
carnitine deficiency, was not observed.
Long-term use of pivalate-conjugated anti-
biotics should be avoided for prevention of
secondary carnitine deficiency.
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Abstract

Rotavirus is one of the most common causes of gastroenteritis in children and is known to accompany some neurological dis-
orders such as encephalitis/encephalopathy and seizures. Although cerebellar disorders sometime occur as a complication of rota-
virus gastroenteritis in Japan, few reports have addressed these issues. Here, we report three cases of insulted cerebellums in addition
to encephalitis/encephalopathy associated with rotavirus. Similar to posterior fossa syndrome after surgery, mutism was a notable
symptom that lasted about 1 month. Brain diffusion-weighted imaging (DWI) revealed chronological changes, i.e., marked hyper-
intensity in the bilateral dentate nucleus followed by the vermis and cerebellar hemisphere. The bilateral dentate nucleus is known to
be a key lesion site for mutism, and these clinical and radiological findings may be tightly connected in rotavirus-associated cere-
bellitis/cerebellopathy.
© 2010 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Rotavirus; Cerebellitis/cerebellopathy; Mutism; Diffusion-weighted imaging; Encephalitis/encephalopathy

1. Introduction alitis have evidence of rotavirus in the cerebrospinal
fluid (CSF) [2,3]. Although rotavirus antigenemia is fre-

Rotavirus is the primary cause of severe gastroenter- quently observed in a patient’s serum during the acute
itis in children. Infection is basically localized in the phase [4], the CSF is not always positive for rotavirus
intestine, but rare cases with morbidity result from antigen or PCR product [5]. The pathophysiological
extra-intestinal involvement. Several reports have dis- mechanism is still unclear. Although cerebellar disor-
cussed patients with rotavirus gastroenteritis coexisting ders sometimes occur as a complication of rotavirus
with encephalitis/encephalopathy [1]. Patients with rota- gastroenteritis in Japan, few reports about these issues
virus diarrhea, benign or severe convulsions, or enceph- have appeared [6,7]. Here, we report three cases of

e rotavirus-associated acute cerebellitis/cerebellopathy
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2. Case reports
2.1. Case ]

An 18-month-old boy was referred to our hospital
because of frequent diarrhea and vomiting for 2 days.
Although he had started to walk independently at
14 months of age, he had been unable to speak any
meaningful words and could not follow verbal instruc-
tions. On admission (day 0), his heart rate was
162 beats/min, respiratory rate 48 breaths/min, and
body temperature was 38.2 °C. He had cyanotic lips
and peripheral coldness. Additionally, he occasionally
had episodes of loss of consciousness for several seconds
with upward eye deviation and apnea. He presented
with drowsiness (Glasgow coma scale; E2 V1 M4). He
had hypotonus of the trunk and extremities but no focal
neurological signs. His hematological and biochemical
studies were normal except for increased sodium
(150 mmol/l), increased BUN and creatinine (94 and
2.23 mg/dl, respectively), and increased blood ketone
(3222 umol/l). A CSF analysis revealed a normal cell
count (4 cells/mm’® mononuclear), protein (20 mg/dl),
and glucose level (81 mg/dl). A brain CT was normal.
Rotavirus antigen was detected in a stool specimen
using an immunochromatographical method. Rotavirus
PCR was not performed in the stool specimen, and PCR
and antigen were also not performed in both serum and
CSF. On day 1, following fluid loading and an electro-
lyte correction, his mother said that his consciousness
was normal. On day 2, although he showed no high
fever and no disturbance of consciousness, his sleep elec-
troencephalogram (EEG) showed bilateral frontal dom-
inant (slight left predominance) delta activity with no
paroxysms. On day 3, brain diffusion-weighted imaging
(DWI) showed marked hyperintensity in the left hemi-
sphere, dominant bilateral front-parietal white matter,
and bilateral dentate nucleus. On day 9, sleep and wake
EEGs were almost normal except for a slightly slow
basic rhythm. On day 10, an MRI showed no new
abnormal lesions and a decrease in size of the abnormal
lesion. He was discharged on day 14. The brain MRI
15 months after this event revealed slightly widened
cerebellar sulci, diffuse cerebellar atrophy, and hyperin-
tensity in the left frontoparietal white matter on
fluid-attenuated inversion-recovery (FLAIR) imaging.
Clinically, he had a moderate mental delay and was
diagnosed with autism but normal motor function (see
Fig. 1).

2.2. Case 2

A 38-month-old boy was referred to our emergency
room at night because of pyrexia, diarrhea, and vomit-
~ ing for the past 3 days. He was healthy and had no neu-
rological abnormalities. On admission (day 0), his heart
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rate was 128 beats/min, respiratory rate 28 breaths/min,
and body temperature was 39.2 °C. He presented with
drowsiness (Glasgow coma scale; E3 V1 MS5) and
repeatedly flapped his arms and legs with apneic epi-
sodes. He had hypotonus of the trunk and extremities
but no focal neurological signs. His hematological and
biochemical studies were normal except for decreased
sodium (126 mmol/l) and increased blood ketone
(5084 pmol/l). A CSF examination showed a slightly
increased cell count (53 cells/mm?, polymorphonuclear/
mononuclear = 40/13) and protein (180 mg/dl) and a
normal glucose level (61 mg/dl). A brain CT was nor-
mal. Rotavirus antigen was detected in a stool specimen,
but the rotavirus PCR and antigen were negative in
serum and CSF. On day 1, he showed no fever, but
his consciousness was disturbed. A brain DWI showed
marked hyperintensity in the bilateral dentate nucleus
without cerebral lesions. His sleep EEG showed normal
background activity with no paroxysms. Methylprednis-
olone pulse therapy was started on day 1 (30 mg/kg/day
for 3 days, one course) due to the persistent conscious-
ness disturbance, and two courses were administered
at 2-week intervals. After one course, his general condi-
tion and consciousness improved, and he could gradu-
ally follow simple verbal instructions (looking at the
television, raising his arms), but he could not speak
for about 1 month, reflecting mutism, and revealed
abnormal cerebellar symptoms such as intentional hand
tremors and generalized ataxia. A brain DWI revealed
chronological changes, i.e., marked hyperintensity in
the bilateral dentate nucleus followed by hyperintensity
in the vermis (on day 3) and cerebellar hemisphere (on
day 9). On day 15, he was able to control his head posi-
tion. On day 22, he could sit slightly unsteadily. On day
44, he could stand with support, and he was walking
with ataxia on a wide base on day 50. Hypophonic
and scanned speech with a few words appeared on day
34, and his expressive language gradually recovered,
but more slowly than the improvement in motor symp-
toms. Five months after onset, though his gross motor
function was good and equal to that before the disease,
his fine motor function was still dysmetric, and slurred
and explosive speech persisted. A brain MRI indicated
marked diffuse cerebellar atrophy (see Fig. 2).

2.3. Case 3

A 28-month-old girl was healthy and well until she
developed vomiting, diarrhea, and pyrexia. She was
referred to our emergency room at night because of a
seizure cluster. On admission (day 0), her heart rate
was 157 beats/min, respiratory rate 30 breaths/min,
and body temperature was 38.9 °C. She was almost alert
(Glasgow coma scale; E4 V5 M6). Her hematological
and biochemical studies were normal except for
increased blood ketone (5982 umol/l). A CSF analysis
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Fig. 1. MRI findings in case 1. (A-C) Axial DWI on day 3 showed marked hyperintensity in the left hemisphere, dominant bilateral front-parietal
white matter, and bilateral dentate nucleus. (D-F) Axial DWI on day 10 showed no new abnormal lesions and a decrease in size of the abnormal

lesion.

revealed a normal cell count (1 cell/mm? mononuclear),
protein (8 mg/dl), and glucose level (73 mg/dl). A brain
CT was normal. Rotavirus antigen was detected in a
stool specimen. We could not perform rotavirus PCR
or antigen in either the serum or CSF. On day 1, she pre-
sented with drowsiness (Glasgow coma scale; E3 V2
M6) and had clusters of generalized tonic—clonic sei-
zures with apnea. We administered carbamazepine and
phenobarbital because we tentatively diagnosed this as
benign convulsions with mild gastroenteritis. A brain
DWI showed hyperintensity in the splenium of the cor-
pus callosum and small spotty lesions near the dentate
nucleus. Her interictal EEG showed bilateral frontal
dominant monotonous delta activity with no parox-
ysms. High-dose immunoglobulin therapy (1 g/kg/day,
1 day) and methylprednisolone pulse therapy were
started on that day due to. persistent disturbances of
consciousness. After one course of this therapy, her con-
sciousness improved, and her abnormal cerebellar symp-
toms (intentional tremor, trunk ataxia) were gradually
revealed. She could obey simple verbal instructions,
but could not speak any words, reflecting mutism.
A brain DWI (day 3) showed marked hyperintensity in
the bilateral dentate nucleus and a disappearance of
the high intensity signal in the splenium of the corpus
callosum. On day 17, after finishing a second course of
methylprednisolone pulse -therapy, she could finally
speak just one very slurred word. A brain DWI revealed
chronological changes such as those seen in case 2, i.e.,
marked hyperintensity in the bilateral dentate nucleus

followed by hyperintensity in the vermis (on day 3)
and cerebellar hemisphere (on day 5), and decreased
intensity (on day 9 and day 18), which finally disap-
peared on day 25. On day 5, she was able to roll over
and sit slightly unsteadily, but she was crawling on
day 10. She could stand with support on day 17 and
was walking alone with ataxia and a wide base on day
26. The mutism lasted until day 17, when the second
course of methylprednisolone pulse therapy was fin-
ished; however, the dysarthria continued. Hypophonic,
scanned, and slurred speech with few words appeared
on day 20. Three months after onset, although her fine
motor movements were almost normal, the slurred and
explosive speech persisted. A brain. MRI at 6 months

after onset indicated slight atrophy in both cerebellar
‘hemispheres and the vermis (see Figs. 3 and 4).
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3. Discussion

The most striking. findings in this report are the
chronological DWI changes. Our patients mainly. expe-
rienced an insulted cerebellum in addition to the enceph-
alitis/encephalopathy associated with rotavirus. Patients
presented with similar symptoms, i.e., apnea in the acute
phase, mutism in the subacute phase, and DWI abnor-
malities characterized by marked hyperintensity in the
bilateral dentate nucleus, followed by hyperintensity in
the vermis and cerebellar hemispheres. Acute cerebellitis
is defined as an inflammatory syndrome that reflects an
infectious, postinfectious, or postvaccination disorder
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Fig. 2. MRI findings in case 2. (A} Axial DWI on day 1 showed marked hyperintensity in the bilateral dentate nucleus without cerebral lesions.
(B) Axial DWI on day 3 showed marked hyperintensity in the bilateral dentate nucleus followed by hyperintensity in the vermis and cerebellar
hemisphere. (C) Sagittal DWI on day 9 showed marked hyperintensity in cerebellar hemisphere. (D) Sagittal DWI on day 15 showed marked
hyperintensity in cerebellar hemisphere, especially in lower part of cerebellar hemisphere. (E) Sagittal DWI on day 23 showed decreased

hyperintensity in cerebellar hemisphere.

[8]. As we could not conclusively distinguish whether
cerebellar symptoms were due to cerebellitis or cerebell-
opathy, we used the term “cerebellitis/cerebellopathy”.
Rotavirus gastroenteritis is one of the causes of acute
encephalitis/encephalopathy and cerebellitis/cerebellop-
athy [6,7]. However, neither the pathophysiology nor
the chronological clinical and diffusion-weighted imag-
ing changes are fully characterized. Recent clinical stud-
ies of infectious encephalitis/encephalopathy have
revealed several new syndromes, such as acute encepha-
lopathy with biphasic seizures and late reduced diffusion
(AESD) [9,10], clinically mild encephalitis/encephalopa-
thy with reversible splenial lesion (MERS) [11], and
acute encephalopathy predominantly affecting the fron-
tal lobes (AIEF) [12]. We thought that rotavirus cerebe-
ritis/cerebellopathy might represent one of the specific
clinical and radiological manifestations of infectious
central nervous system disorders.

We performed serial MRI examinations and demon-
strated chronological diffusion-weighted imaging
changes due to rotavirus-associated acute cerebellitis/
cerebellopathy concurrent with encephalitis/encepha-
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lopathy. Cerebellar involvement in rotavirus gastroen-
teritis has been reported in few patients [8,9]. Only one
report, using MRI in patients with rotavirus cereberi-
tis/cerebellopathy, did not describe chronological
changes in MRI findings. Almost all other previous .
reports of acute cerebellitis/cerebellopathy associated
with unknown etiology described bilateral cerebellar
cortex swelling, followed by mild diffuse cerebellar
atrophy [6,7,13-18]. The chronological DWI abnormal-
ities described here, which presented as marked hyperin-
tensity in the bilateral dentate nucleus followed by
hyperintensity in the vermis and cerebellar hemispheres,
were consistent with those reported in other studies of
acute cerebellitis/cerebellopathy. We could not con-
firm these chronological DWI changes were specific
character in rotavirus-associated acute cerebellitis/
cerebellopathy.

In addition to the MRI findings, these cases have a
number of unique clinical features. The clinical courses
of cases 2 and 3 were very similar. Acute neurological
dysfunction such as seizures and conscious disturbances
were followed by acute cerebellar motor dysfunction,
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Fig. 3. MRI findings in case 3. (A-D) Axial and sagittal-'DWI on day 1 showed hyperintensity in the splenium of the corpus callosum and small
spotty lesions near the dentate nucleus. (E and F) Axial DWI on day 3 showed marked hyperintensity in the bilateral dentate nucleus and a
disappearance of the high intensity signal in the splenium of the corpus callosum.

Fig. 4. Chronological cerebellar DWI-findings in case 3. (A) Sagittal DWI on day 1 showed small spotty hyperintensity lesions near the dentate
nucleus. (B) Sagittal DWI on day 3 showed marked hyperintensity in the bilateral dentate nucleus and the vermis. (C) Sagittal DWI on day 5 showed
decreased hyperintensity in the vermis and increased intensity in cerebellar hemisphere. (D) Sagittal DWI on day 9 showed ceased hyperintensity in
the vermis and increased intensity in cerebellar hemisphere. (E) Sagittal DWI on day 18 showed almost the same findings as those on day 9. The
hyperintensity in lower part of cerebellar hemisphere was greater. (F) Sagittal DWI on day 25 showed decreased hyperintensity in cerebellar

hemisphere.

i.e., trunk hypotonia, ataxia, and intentional tremor. Of
the above motor symptoms, mutism was the most inter-
esting clinical finding in the acute and subacute phases
of these cases. In both cases, mutism and dysarthria con-
tinued for about 1 month; and the recovery from mut-
ism was delayed compared to that of the cerebellar
motor dysfunction. Disturbed higher cortical function
due to encephalitis/encephalopathy is also the likely
cause of altered consciousness and transient loss of
speech. It is difficult to rule out their mutism as one
symptom of total cortical function. In case 2, although
we did not observe abnormal early EEG findings in
sleep and cerebral MRI findings, cortical involvement
was undeniable. Abnormal EEG and MRI findings (as
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MERS) were present in case 3, and thus we considered
cerebral dysfunction as a possible cause. However, given
the clinical course of consciousness recovery and other
physiological findings, i.e., wakefulness and normal
sleep pattern, we believe that the mutism observed in
the subacute phase was caused'mainly‘by cerebellar
dysfunction. , ‘
Cerebellar mutism is a well-known complication of
posterior fossa ‘tumor resection. Various mechanisms
have been proposed such as impaired vascular supply
possibly secondary to vasospasm, bilateral edema within
the brachium pontis, splitting of the vermis, involvement
of the dentatothalamic tract, trauma to the left cerebel-
lar hemisphere, and development of hydrocephalus
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[19-25]. Operations on the cerebellum to remove tumors
can be followed by mutism, often after an interval of a
few days, which may last for several months, only to
be followed by dysarthria [26-28]. In these reports, mut-
ism, for which the accepted cause may be vasospasm,
appeared to be due to involvement of the dentate
nucleus and its outflow dentatorubrothalamic tracts to
the brain stem and cortex in the superior cerebellar
peduncle. In all three cases, an early brain DWI showed
marked hyperintensity in the bilateral dentate nucleus.
Considering previously reported surgical cases [26-28]
and our three presented cases, hyperintensity in the
bilateral dentate nucleus might be a significant DWI
finding and a valuable predictor of cerebellar mutism.
In all cases, the patients had apneic episodes with or
without convulsions. In particular, the patient in case
2 had apnea accompanied by flapping of his arms and
legs that did not seem to be a convulsion. Because we
could not examine the ictal EEG, we could not pre-
ciously determine whether this episode was an epileptic
seizure. Considering that the cerebellar dentate nucleus
contacts the thalamus and red nucleus via the superior
cerebellar peduncle, these apneic episodes might have
occurred due to dysfunction of the brain stem reticular
formation.

Cerebral DWI abnormalities were seen in two cases.
In case 3, the brain DWI showed hyperintensity in the
splenium of the corpus callosum in addition to bilateral
dentate nucleus. This corpus callosum finding is well
described for MERS. The most common neurological
symptom in MERS is delirious behavior, followed by
disturbances in consciousness and seizures. Though
transient mutism has been reported in adults undergoing
callosotomy for drug-resistant epilepsy [29], considering
the patient’s general and neurological condition, this
DWI finding was thought to be MERS and unrelated
to mutism or callosotomy. In case 1, the brain DWI
showed marked hyperintensity in the dominant bilateral
frontoparietal white matter of the left hemisphere as well
as the bilateral dentate nucleus. In this case, we were
unable to observe clear sequential DWI changes in cer-
ebellar lesions. It was thought that the main lesion might
be acute encephalitis/encephalopathy like AIEF and
that the cerebellitis/cerebellopathy might be an addi-
tional lesion. We could not evaluate clinical cerebellar
function in detail because of this patient’s predominant
developmental delay before this event. Clinically, he was
moderately mentally delayed and was diagnosed with
autism and normal motor function. We could not reject
the possibility that this event might have influenced his
autism, although he was already delayed.

In all three cases, later brain MRIs revealed atrophy
in both cerebellar hemispheres and the vermis. Clini-
cally, all cases showed abnormal cerebellar symptoms
to varying degrees, especially a speech disorder. Some
reports have indicated that rotavirus antigen and/or
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PCR in the CSF was not always positive in cases of
encephalitis/encephalopathy associated with rotavirus
gastroenteritis [3]. The rotavirus PCR and antigen were
negative in serum and CSF in case 2. Though the effec-
tiveness of steroid pulse therapy and high-dose immuno-
globulin therapy remains controversial for treatment of
encephalitis/encephalopathy, considering our clinical
experience that the patients’ condition improved dra-
matically following steroid pulse therapy, immuno-
modulatory treatment might be effective for treating
rotavirus-associated cerebellitis/cerebellopathy. Further
research is needed to clarify the pathophysiology and
to identify the optimal therapy for rotavirus-associated
cerebellitis/cerebellopathy.
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Case Report

The patient was a Japanese female born at full

‘witha normal delivery. She manifested a
-alized myoclonic seizure during a hot water
h at 3 months of age, and showed repeated

status epilepticus in febrile conditions since 6

months of age. At 12 years of age, she was admin-
istered valproate, sodium bromide, clonazepam,
clobazam and lamotrigine, and showed daily
absence seizures and weekly brief generalized
tonic seizures. She was able to speak two-word
sentences that contained grammatical errors and



had an ataxic gait. From the typical clinical course of Dravet syn-
drome, the SCN1A gene was analyzed, and showed a ¢.2785Cdel
(L929del fsX934) mutation.

The patient had an annual flu vaccination at 3 days before the
onset of febrile illness. The patient had a single generalized
tonic-clonic seizure soon after the acute febrile illness with
prompt recovery of consciousness. A second selzur 0
a status eplleptlcus at 8h after the firs

revealed pleocyt:
(74.2mg/dL), and

logy. After the specific therapl
clonus developed and was diffict

Results
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(© Fig. 1). The MR im
performed at day 3 s

on DWI persisted with growing are
ebral cortex, bilateral caudate nuclei, put:
and splenium of the corpus callosum. Follow-!
showed T, elongation in the bilateral thalami, and
T, elongation of the bilateral putamina and the caudate nuclex
developed at day 22. These findings disappeared at day 50, with
mild atrophy of the cerebral cortex and the basal ganglia. No
obvious gross brain edema in the supratentorial areas was
observed in the course of the disease. MR spectroscopy per-
formed in the basal ganglia and semioval center showed no lac-
tate elevations at any course of the disease.

ding the diffuse cer-
dentate nuclei
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Discussion

v
There have been few reports of acute encephalopathy associated
with Dravet syndrome. In one Japanese series, 12 of 85 patients
with Dravet syndrome died during follow-up periods from 1 to
28 years, and convulsive status was the leading cause of death.
ntioned 2 children with re51dual severe neurological

ed in a child who subsequently devel-
re of Dravet syndrome [8]. Chipaux

, and whose neuroimages
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ed encephalomyelitis.
ealed bilateral thalamic

f ANE for several reasons. First,
ompanied by gross brain edema
ith significantly fluctuating param-
eters of infla in the serum such as interleukin-6, our
patlent show of these features. Second, there was no evi-
crotlzmg lesions in MR spectroscopy without lactate
. Thus, we presume that a pathophysiology different
from that of typical ANE occurred in this patient. As the enceph-
alopathic episode occurred after a vaccination, we considered
other forms of immune-mediated encephalitis such as anti-N-
methyl-D-aspartate receptor (NMDAR) encephalitis, encephali-
tis induced directly by influenza, or encephalitis induced by
vaccination. Anti-NMDAR encephalitis starts commonly with
psychiatric symptoms followed by abnormal movement, seizure

similar to the typlcal feat
~although ANE is likely to
and multiple organ fai
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