and central hypoventilation, which resolves spontaneously
through months or even years [3]. However, this case manifested
acutely developed seizures accompanied by irreversible neuro-
logical deficits, contrasting with the typical clinical course of
anti-NMDAR encephalitis. Viral encephalitis is unlikely, as she
showed negative PCR results in the CSF. An immune-mediated
encephalopathy subsequent to the vaccination other than anti-

Tsuji M et al. Acute Encephalopathy in a Patient... Neuropediatrics 2011; 42: 78-81
107

.

NMDAR encephalitis is possible, however no evidence is pre-
sented.

It is noteworthy that a distribution of the abnormalities in DWI
obtained in the early phase of iliness closely resembled that of
Navl.1a in mice [6]. However, there are no reports on the vul-
nerability of neurons harboring SCN1A mutations. Furthermore,
seizures were not observed after the episode of acute encepha-
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Editorial

Wide range of CNS manifestations of rotavirus infection ™

Rotavirus is one of the most common pathogens of gas-
troenteritis in children, and sometimes causes a wide range
of neurologic manifestations, from benign convulsions to
lethal encephalitis/encephalopathy. Any virus (influenza
virus, human herpes virus 6 [HHV-6], rotavirus, etc.)
can cause an encephalopathy syndrome, such as acute nec-
rotizing encephalopathy (ANE), acute encephalopathy
with biphasic seizures and late reduced diffusion (AESD),
and hemorrhagic shock and encephalopathy syndrome
(HSES) [1,2]. Acute cerebellitis/cerebellopathy reported
in this issue by Kubota et al. [3], however, seems to be
specific to rotavirus infection, this condition being rarely
reported in influenza or HHV-6 infection.

Thirteen patients with rotavirus cerebellitis recently
reported (cases 2 and 3 in reference 3, and 11 patients
in reference 4) exhibited nearly identical clinical and
MRI features. They had disorders of consciousness with
onset on days 2-4 of the gastroenteritis, followed by
mutism. Other cerebellar symptoms included dysarthria
following the mutism, hypotonia, ataxia, tremor, nys-
tagmus and dysmetria. Transient involvement of the cer-
ebellar white matter/nuclei may be associated with the
characteristic clinical manifestation of mutism. A revers-
ible splenial lesion was found in 7 of the 13 patients (3
isolated and 4 with concurrent cerebellar lesions). An
isolated splenial lesion with homogenously reduced dif-
fusion is a key finding for the diagnosis of clinically mild
encephalitis/encephalopathy with a reversible splenial
lesion [MERS] [1]. It is important to be aware that an
isolated splenial lesion in patients with rotavirus gastro-
enteritis is not always a benign sign indicative of com-
plete clinical and radiological recovery.

Two patients, who were excluded from a previous
study on rotavirus cerebellitis [4], were diagnosed as hav-
ing hypovolemic shock. MRI of the 2 patients revealed
identical lesions in case 1 reported by Kubota et al. [3],
i.e., symmetric lesions in the cerebral deep white matter
and cerebellar cortex, suggesting border-zone infarctions

* Editorial to: “Chronological diffusion-weighted imaging changes
and mutism in the course of rotavirus-associated acute cerebellitis/
cerebellopathy concurrent with encephalitis/encephalopathy” in this
issue.

due to hypovolemia/hypotension. During a mild to mod-
erate reduction in perfusion, the brain’s autoregulatory
mechanisms preserve blood flow to the brainstem and ba-
sal ganglia. However, injury may occur in the intervascu-
lar boundary zones (“watershed zones”) between the
major vascular territories of the cerebrum and cerebellum
(although the cerebellar lesions are less common).
Reflecting this pathophysiology, MRI shows characteris-
tic bilateral lesions in these areas. Alternatively, it is pos-
sible that rotavirus infection of the cerebellum may result
in a higher metabolic rate than usual and, consequently,
the cerebellum may suffer more than usual from even mild
to moderate hypoperfusion. Further clinical, pathologi-
cal and radiological studies are, of course, necessary to
determine the exact mechanism of CNS manifestations
associated with rotavirus infection.
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encephalopathy with a reversible splenial lesion (MERS). All were treated with y-globulin (2 to 6 g/kg) after
the diagnosis of Kawasaki disease, the fever being alleviated between day 6 and 25. One of two patients exhi-
biting a poor response to y-globulin had a cardiac aneurysm as a sequela. Their neurological manifestations
(delirious behavior and drowsiness), laboratorial hyponatremia, and radiological abnormalities completely
disappeared. It is important for pediatricians to acknowledge that MERS can be observed in patients with
Kawasaki disease, especially in older children, and that they might be at high risk for cardiac abnormalities.

Clinically mild encephalitis/encephalopathy
with a reversible splenial lesion (MERS)
Kawasaki disease

Corpus callosum

Diffusion-weighted image

Delirium

Cardiac aneurysm
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1. Introduction

Kawasaki disease (KD) is an acute febrile, systemic vasculitis of
unknown pathogenesis, most often affecting young children under
5 years old. The most important complication of KD is coronary arte-
rial aneurysms (in 15-25% of untreated children), which may cause
ischemic heart disease and sudden death [1,2]. Irritability, lethargy,
transient unilateral facial nerve palsy are sometimes observed, and
pleocytosis in the cerebrospinal fluid (CSF) is found in around 40%
[1-4], however, febrile convulsions and acute .encephalopathy are
extremely rare [5-7].

Magnetic resonance imaging (MRI) finding of a reversible lesion
with transiently reduced diffusion in the splenium of the corpus callo-
sum has been reported in patients with clinically mild encephalitis/
encephalopathy, leading to a new clinical-radiological syndrome, clini-
cally mild encephalitis/encephalopathy with a reversible splenial lesion
(MERS) [8,9]. We present here four patients with KD'complicated by

* Corresponding author at: Department of Pediatrics, Kameda Medical Center,
929 Higashi-cho, Kamogawa-shi, Chiba 296-8602, Japan. Tel.: +81 470 92-2211;
fax: +81 47099 1198.
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0022-510X/$ ~ see front matter © 2011 Elsevier B.V. All rights reserved.
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MERS, which suggest that MERS is a more common neurological com-
plication than previously considered.

2. Methods

Information on patients with KD who developed MERS was
collected retrospectively after approval by the institutional review
board of the Kameda Medical Center. The diagnosis of KD and MERS
were established according to diagnostic criteria [1,2,8], respectively.
We reviewed the clinical charts of the patients in order to accrue in-
formation on symptoms, medication, treatment, outcome, and results
of CSF analysis, MR], and electroencephalography (EEG).

3. Results

Four previously healthy Japanese patients (1 male and 3 females,
aged from 2 to 10 years) met the criteria for enrollment in this
study, with the onset from March 2010 to February 2011. The clinical
and radiological records of the four patients are summarized in
Table 1. All were treated with y-globulin (2 to 6 g/kg) after the
diagnosis of KD, the fever being alleviated between day 6 and 25. Two
patients exhibiting a poor response to y-globulin were additionally
treated with cyclosporine and infliximab (patient 1), and prednisolone
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Table 1
Data for Kawasaki disease with MERS.
Pt. Age/Sex Tx for KD End Na level (lowest) Coronary Consciousness Duration
¥-globulin Other therapies of fever follow up sequelae disturbance delirium
1 8/M 2 g/kgx 3 (D5, D7, D9) cyclosporine D21 119 (D6) AN (5 mm) Mild drowsiness D1-8
infliximab 137 (D40) D1-8 )
2 7/F 2 g/kg (D5) D6 129 (D3) No . Drowsiness D3-5
139 (D9) D3-5
3 10/F 2 g/kgx2 (D3, D5) D6 127 (D4) No Drowsiness D3-5
138 (D13) D3-5
4 2/F 2 g/kgx 2 (D9, D20) prednisolone D25 134 (D9) No Drowsiness D10-12
139 (D45) D10-14
14/F 1.8 g/kg (D5) D13 128 (D6) AN (8 mm) Mild drowsiness D5-7
142 (D25) D5-7
7/F 2 g/kg (D4) D5 131 (D3) No Drowsiness D2-3
141 D2-3
ABBREVIATIONS
Pt, patient; Tx, therapy; M, male; F, female; D, day; AN, aneurysm; CC, cell count; WM, white matter; CR, complete recovery.
Delirious behavior Seizure CSF study MRI results EEG results Neurological
Components outcome
Incoherent speech, unresponsiveness No Normal (D6) Splenium (D7) Frontal slow (D6) CR
Normal (D15) Normal (D14)
Impulsive behavior, visual hallucinations, No Normal (D3) Splenium (D4) Diffuse slow (D4) (R
incoherent speech Normal (D10) Normal (D9)
Emotional changes (laughter, weeping, fear), No Normal (D3) Splenium +WM (D3) Diffuse slow (D3) CR
visual hallucinations, incoherent speech Normal (D7) Normal (D6)
Visual hallucinations, misperceptions No Normal (D10) Splenium (D10) Normal (D10) CR
Normal (D17)
Visual hallucinations No CC 16/mm> (D7) Splenium (D10) Normal (D11) CR {10]
Normal (D14)
Impulsive behavior, visual hallucinations, No Normal (D3) Sp (D3) Diffuse slow (D3) CR [11]
incoherent speech Normal (D11)

(patient 4). One patient (patient 1) had a cardiac aneurysm (5 mm) asa
sequela.

All four patients presented with fluctuating delirium with onset
between day 1 and 10, and a duration of 3 to 8 days, and all showed
mild to moderate drowsiness between the episodes of delirious be-
havior. The results of neurological examinations were unremarkable
except for the delirium and drowsiness. CSF analysis was normal in
all patients. The Na level during neurological symptoms decreased to
119-134 mEq/l, which had become normal at the time of follow-up.
MRI performed during their neurological manifestations (day 3
to 10) revealed homogenously reduced diffusion in the splenium
(patients 1, 2, and 4) (Fig. 1-A) or the splenium and symmetrical sub-
cortical white matter (patient 3), which had completely disappeared
by the time of follow-up (day 7 to 17) with an interval of 4 to
8 days (Fig. 1-B). No specific treatment for MERS was performed for
any patient; however, their neurological manifestations disappeared
completely. EEG showed slow waves in three patients (became nor-
mal on follow-up EEG), and normal in another.

4. Discussion

Encephalitis or encephalopathy is an extremely rare complica-
tion of KD. Actually, none of 540 patients with KD presented with
encephalitis/encephalopathy [4]. As far as we know, there have
been only six patients with KD complicated by MERS (Table 1)
[10,11], including the present four patients, their onset ranging
from March 2010 to February 2011. The number of KD patients in
2010 in Japan has been reported to be 12,755, and that over 6 years
being 466 [12]. The incidence of MERS in KD over 6 years, therefore,
seems to be at least 1% (5/466).

All six patients (mean age, 8.0 years) presented with delirious
behavior and drowsiness with hyponatremia (119-134 mEq/1); and
. a homogenously reduced diffusion in the splenium, all of which
completely recovered or disappeared. These clinical, laboratorial, and
radiological findings are typical of MERS (mean age, 9.0 years; serum

sodium level, 131.8 4.1 mEql/l) [8,13]. MERS has been reported to
be an encephalitis or encephalopathy associated with infection,
such as influenza or rotavirus [8,9]. It is important for pediatricians
to acknowledge that MERS can be observed in patients with KD,
which is an acute febrile systemic vasculitis, not directly related to a
pathogen.

What is the possible mechanism underlying MERS with KD?
The exact pathogenesis of MERS is uncertain, however, MERS seems
to comprise cerebral edema due to electrolyte/water imbalance,
including hyponatremia, as an underlying pathophysiology [8,13].
Activation of the immune system seems to be a central feature of
KD, and the concentrations of many proinflammatory cytokines and
chemokines, including tumour necrosis factor «, interleukins 1, 6,
and 8, and vascular endothelial growth factor (VEGF), are elevated
during the acute phase {1,2]. Elevated VEGF could result in vascular
leakage, hypoalbuminemia, and noncardiac edema [14]. Actually,
cerebral edema has been histopathologically observed in patients
with KD [15], which could possibly progress to MERS.

Two of the six patients with KD complicated by MERS (Table 1,
patient 1 and one patient previously reported [10]) had a cardiac
aneurysm as a sequela. The duration of a fever has been confirmed
to be a predictor of a coronary artery aneurysm in KD [1]. Other inde-
pendent risk factors have been reported, including an elderly onset
and the presence of hyponatremia. Children 6 years and older account
only for around 5% of patients with KD [16], however, they often
have delays in diagnosis, and an increased incidence of cardiovascular
abnormalities (20% vs. 15% under 6 years) [16,17]. The hyponatremia
observed in 45% in patients with KD has also been reported to be an
independent risk factor for cardiovascular sequelae [18]. Actually,
the two patients having a cardiac aneurysm fulfilled the triple risks,
prolonged fever (21 and 13 days), elderly onset (8 and 14 years), and
hyponatremia (119 and 128 mEq/t). Elderly onset and hyponatremia
are also characteristic of MERS, therefore, it is reasonable that patients
with KD complicated by MERS likely have risk factors for cardiac
abnormalities.
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Fig. 1. Diffusion-weighted image of patient 1 on day 7 (A) shows a high signal lesion in
the splenium of the corpus callosum, which disappears on day 15 (B).

It seems that cardiac abnormalities are more common in patients
with KD having neurological manifestations, for example, two of
the six patients with MERS, 2/2 and 2/5 with transient hemiplegia
and facial nerve palsy, respectively [4,7]. Those with transient con-
sciousness disturbance during the acute phase of KD have also
been reported to have coronary aneurysms in 19% (6/32) [7]. It is

possible that the severity of KD (severe vasculitis) may result in neu-
rological manifestations. Further clinical, radiological and immuno-
logical studies are necessary to clarify the frequency, mechanism,
and prognosis of KD complicated by MERS.
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