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Table 1
Laboratory data in groups A and B

Elemental (n = 11) Non-elemental (n = 20} Normal range p

Age (years) 6.89 £ 6.17 490 = 3.40
Sex (M/F) 6/5 128
UA (mg/dl) 1.53 = 0.81 331 £ 1L.37 2.5-58 <001
IP (mg/dl) 294 + 141 449 = 118 24-45 <0.03
K (mEg) 357096 416 £ 043 3.5-48 <0.05
Na (mEq/) 1395+ 258 1403 = 2,94 140-146 ns.
Cre (mg/dl) 035012 0.32 = 0.10 04-08 n.s.
FEUA (%)} 32.70 > 28.65 17.41 = 2400 4-14 n.s.
% TRP (%} 8773+ 13.29 86.27 * 2096 60-90 n.s.
FENa 0.915 = 1.202 0.644 * 0.555 <10 ns.
Urine pH 7.364 + 0.67 7.39 £ 0.65 55-70 n.s.
B2 MG (mg/1) 22.23 £ 29.31 11.03 £ 29.20 <0.27 nas.
TP (g/dl} 6.67 * 0.60 6.54 £ 0.70 6.6-8.0 n.s.
Hb (g/dl) 1252 £ 1.70 1244 2 1.15 109-14.3 ns.
Cal (kcal/kg/day) 5272 % 12.19 59.58 = 16.74 n.s.
Protein intake (g/kg/day) 232+ 042

Each value is expressed as mean % SD. M, male; F, female; UA, uric acid; [P, inorganic phosphate; Cre, creatinine; FEUA, fractional excretion of uric
acid; FENa, fractional excretion of sedium; %TRP, percent wbular reabsorption of phosphate; B2-MG, B2-microglobulin; TP, total protein; Hb, hemoglobin;

Cal, calorie.

throughout total parenteral nutrition. The amino acids for
parenteral nutrition are associated with the renal tubular
reabsorption of uric acid. However, it is unclear whether the
mechanism of hypouricemia is the same between parenteral
nutrition and elemental enteronutrition. The deficiency of
molybdenum (required as cofactor for uric acid synthesis}
was reported extremely rarely as a cause of hypouricemia,
during total parenteral nutrition {9]. Although we had
not measured the serum level of molybdenum, we should
also examine the molybdenum level when we see the
hypouricemic patients.

An elemental enteral diet was known to influence
pancreatic secretion [10], intestinal mucosal atrophy [11],
bacterial translocation [12], and changes in the gastro-
intestina! microflora {13,14] like parenteral nutrition. The
mechanism underlying this gastrointestinal influence of an
elemental diet remains unclear. Janne et al. [11] reported
colonic mucosal atrophy induced by an elemental diet in
rats. Both mitotic and DNA synthetic activities decreased in
the colonic mucosa during administration of the elemental
diet. So, they concluded that atrophy of the colonic mucosa
was probably mediated by a reduction in the proliferative

-activity of the stem cells in the mucosal glands. Another
cause of intestinal villus atrophy with an elemental diet
might be a lack of dietary fiber [15,16]). Chun et al. [15]}
reported that pectin feeding results in hyperplasia of
the small intestinal mucosa and significant increases in the
enzyme activities of the brush border membrane of the
ileum. Soluble dietary fiber, such as pectin, added to an
enteral diet has an effect on the proliferative activily of the
colonic mucosa and improves the intestinal mucosal
impairment. Although almost all reports concerning villus
atrophy due to an elemental diet were based on animal

experiments, Hosoda et al. [17] reported that intestinal
mucosal atrophy was caused by an elemental diet in
humans. The use of a pectin-supplemented enteral diet is
recommended in severely disabled children to avoid
intestinal atrophy.

The pathological findings for the gastrointestinal tract of
severely disabled children after a long-term elemental diet
were not known. However, Iai and Yamada [2] reported
intestinal mucosal atrophy in an elderly severely disabled
person after 25 years of enteral nutrition. This finding
supports the fact that intestinal atrophy occurs in severely
disabled children after prolonged elemental nutrition.
Although there were no significant differences in calories,
total protein, and hemoglobin between the two groups,
and apparent malnutrition was not present in these two
groups, some absorption disturbance of nutrition and
subclinical malnutrition due to intestinal mucosal atrophy
were suspected to cause hypouricemia.

To eliminate the influence of VPA [3], we included
patients who were taking VPA in this study. It is ideal to
select severely disabled children who have not taken VPA at
all to compare the uric acid levels between two groups.
However, we had such a small number of severely disabled
children receiving elemental diet who had not taken VPA,
that we had to include patients taking VPA to equal the
condition of the patients.

In conclusion, although the exact mechanism remains
obscure, prolonged elemental enteral nutrition might be a
cause of hypouricemia in severely disabled children. The
components of an elemental diet, secondary intestinal villus
atrophy, changes in the microflora, and the underlying
condition needing the elemental diet were suspected to have
some relationship with hypouricemia in severely disabled
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children receiving elemental nutrition. However, we will
need to clarify the weight of these multi-factors by further
investigations.
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Febrile convulsion during the acute phase of Kawasaki disease

HIDETO YOSHIKAWA AND TOKINARI ABE
Department of Pediatrics, Niigata City General Hospital, Niigata, Japan

Background: Although seizures occur in association with meningitis or encephalitis in Kawasaki disease,
febrile convulsions in Kawasaki discase are considered to be extremely rare. The aim of the present study is to
elucidate the incidence of febrile convulsion in the acute phase of Kawasaki disease, in Niigata City General

Methods: The study included 177 patients with Kawasaki disease. Patients ranged in age from 2 months to 10
years (mean age 26.89 + 22.44 months). The study included 105 males and 72 females. The clinical records of

Results: Febrile convulsions were not recognized in these 177 patients throughout the course of the disease,
despite the presence of a high grade fever and their young age. However, eight of the 177 patients had
experienced simple febrile convulsions during other febrile illness except for those with Kawasaki disease.
In the acute phase of Kawasaki disease, only two patients showed generalized convulsion associated with

Conclusion: The incidence of febrile convulsions in the acute phase of Kawasaki disease might be extremely
low, confirming the results of previous reports. Kawasaki disease is characterized by systemic vasculitis and is
sometimes complicated by intracranial vasculitis. The incidence of electroencephalographic abnormalities and
pleocytosis in the cerebrospinal fluid is higher in patients with Kawasaki disease. However, the reason why
febrile convulsions did not occur in the acute phase of Kawasaki disease remains unknown, despite the

Abstract
Hospital, Niigata, Japan.
Kawasaki disease patients were examined retrospectively.
prolonged consciousness disturbance and pleocytosis in the cerebrospinal fluid.
presence of central nervous system involvement.
Key words febrile convulsion, Kawasaki disease.

Kawasaki disease is an acute febrile disorder of unknown
ctiology. Central nervous system complications in Kawasaki
disease are uncommon: however, aseptic meningitis, encepha-
litis, cerebral infarction, subdural effusion, ataxia, facial
nerve palsy and seizures have been rarely repotted in children
with this disease. Although the etiology of the central nervous
system involvement remains obscure, systemic vasculitis,
including the central nervous system, “might play a role.
According to previous reports of Kawasaki disease,'™ seizures
oceur in association with meningitis or encephalitis. Febrile
seizures in Kawasaki discase are considered to be extremely
rare. When febrile seizures occur, they usually affect patients
under 5 years of age, and are accompanied by a high grade
fever. Thus, to elucidate the incidence of febrile convulsion
in the acute phase of Kawasaki disease, we retrospectively
examined the clinical records of Kawasaki disease patients
admitted to Niigata City General Hospital, Niigata, Japan.
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Methods

The study included 177 patients admitted to Department of
Pediatrics, Niigata City General Hospital, between January
1991 to April 2002, for the treatment of Kawasaki disease.
The patients ranged in age from 2 months to-10 years (mean
age 26.89 +22.44 months). The study included 105 males
and 72 females.

Results

Febrile convulsions were not recognized in our 177 patients
throughout the course of the.disease, despite the presence of
a high grade fever and their young age. However, eight of the
177 patients had experienced simple febrile convulsions
during febrile illness except for those with Kawasaki disease.
In the acute phase of Kawasaki disease, only two patients
showed generalized convulsion associated with prolonged
consciousness disturbance and pleocytosis in the cerebro-
spinal fluid. A 2-month-old boy developed generalized tonic
convulsions lasting 15 min following prolonged unconsciousness.
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The cerebrospinal fluid examination revealed a total cell
count of 85/uL, and protein at 42 mg/dL. His serum sodivm
concentration was 117 mEq/L. Another 2-month-old boy
developed prolonged generalized tonic convulsions and was on
mechanical ventilation. His cerebrospinal fluid had a total cell
count of 27/uL, with protein at 45 mg/dL. His serum sodium
concentration was 122 mEg/L. Thirteen days of conscious-
ness disturbance followed initiation of neurological symptoms.®
Two patients recovered completely without any neurological
sequelae.

Discussion

In previous reports of seizures associated with Kawasaki
disease (Table 1), the incidence of febrile convulsions was
reported to be 1/155, 8/498.2 1/402,> 0/152¢ and 0/540. retro-
spectively. Nanbo ef al. also reported that febrile convulsions
did not occur in 152 Kawasaki disease patients, however,
febrile convulsions associated with other febrile illness
occurred almost at the same rate as in other children.t
Yokoyama etal. rteported that febrile convulsions were
recognized in one of 26 patients with Kawasaki disease who
were examined by electroencephalography.® Mitsudome et al.
also reported that febrile convulsions occurred in four of 62
patients with Kawaski disease, who were examined by electro-
encephalography.” In these two reports,®? bias was present in
that the electroencephalography examination was performed
with the suspicion of central nervous system involvement.
Thus, the incidence of febrile convulsion might be higher in
these two reports than in other reports, Otaki et al. reported
that patients with Kawasaki discase developed seizures
associated with hyponatremia, similar to our two cases.® Our
two patients who developed seizures were both 2 months old
and presented with hyponatremia and pleocytosis in the
cerebrospinal fluid. They have never been diagnosed as
having febrile convulsion, and their clinical courses resembled
acute encephalitis or encephalopathy.

The incidence of febrile convulsion was reported to be
5-10%. Febrile convulsions ranged from 6 months to 4 years,
being approximate to the ages of the patients with Kawasaki
disease. Although this study was not a statistical analysis, the

_incidence of febrile convulsions in the acute phase of
Kawasaki disease might be extremely low -confirming the
results of previous reports. Kawasaki disease is characterized
by systemic vasculitis, mainly involving the coronary arteritis
and sometimes complicated by intracranial vasculitis. On histo-
pathological investigation, aseptic chorio and/or leptomeningitis,
severe edema, necrosis, localized status spongiosus and vascular
change such as endoarteritis, periarteritis and perivascular
cuffing were present in some of their patients.'® The incidence
of electroencephalographic abnormalities and pleocytosis in
the cerebrospinal fluid is higher in patients of Kawasaki
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Table 1 Incidence of febrile convulsion in Kawasaki disease in
previously reported cases

Study Incidence of FC  Other CNS complications
Otsuka et al.! 1/155 (0.64%) Meningitis 6/155

Asou et al.? 8/498 (1.6%) Four CNS involvements
Kajitani er al.®  1/402 (0.24%) One MCLS/FC197
Nanbo et al* 0/152 (0%) Six FC after MCLS
Terasawa et al.®  0/540 (0%) Six CNS involvements
Present study 0/177 (0%) Twao seizures with other

etiology

FC, febrile convulsion; CNS, central nervous system; MCLS,
mucocutaneous lymph node syndrome,

disease. Such a pathologic mechanism could also affect the
central nervous system and be responsible for the neurologic
symptoms. However, the reason that febrile convulsions did
not occur in the acute phase of Kawasaki disease remains
unknown, despite the presence of central nervous system
involvement, Its mechanism might be related to the etiology of
Kawasaki disease. If the mechanism is determined, it will be
useful for developing preventive methods for febrile convul-
sions. Further investigation is necessary to elucidate these
matters.
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Clinically mild encephalitis/
encephalopathy with a reversible
splenial lesion

H. Tada, MD; J. Takanashi, MD; A.J. Barkovich, MD; H. Oba, MD; M. Maeda, MD; H. Tsukahara, MD;
M. Suzuki, MD; T. Yamamoto, MD; T. Shimono, MD; T. Ichiyama, MD; T. Taoka, MD;
0. Sohma, MD; H. Yoshikawa, MD; and Y, Kohno, MD

Abstract—Objective: To clarify whether patients with clinical dingnoses of encephalitis/encephalopathy with a reversible

lesion in the splenium of the corpus callosum (SCC) share common clinical features. Methods: Possible encephalitis/
encephalopathy patients with a reversible isolated SCC lesion on MRI were collected retrospectively. Their clinical,
laboratory, and radiologic data were reviewed. Results: Fifteen encephalitisfencephalopathy patients with a reversible
isclated SCC lesion weres identified among 22 patients referred for this study. All 15 patients had relatively mild clinical
courses. Twelve of the 15 patients had disorders of consciousness. Eight patients had seizures, and three of them received
antiepileptic drugs. All 15 patients clinically recovered completely within 1 month (8 patients within a week) after the
onset of neurologic symptoms. The SCC lesion was ovoid in six patients; it extended irregularly from the center to the
lateral portion of SCC in the other eight patients. Homogeneously reduced diffusion was seen in all seven patients who
underwent diffusion-weighted imaging. There was no enhancement in the five patients so examined. The SCC lesion had
completely disappeared in all patients at follow-up MRI exams between 3 days and 2 months after the initia! MRI (within
1 week in eight patients). Conclusion: The clinical features among the affected patients were nearly identical, consisting of
relatively mild CNS manifestations and complete recovery within 1 month.

NEUROLOGY 2004,63:1864-1858

MRI is accepted as a more sensitive technique than
CT for the diagnosis of encephalitisfencephalopathy
and is particularly useful for detecting early changes
in the brain. An MRI finding of an ovoid reversible
lesion in the central portion of the splenium of the
corpus callosum (SCC) without any accompanying
lesions has been reported in around 20 patients with
epilepsy receiving antiepileptic drugs.’® The MR
finding is unusual but has been reported in a few
patients with encephalitis/fencephalopathy caused by
various agents such as influenza virus,® rotavirus,’
and O-157 Escherichia coli.? These patients had no
history of seizures or administration of antiepileptic
drugs. These previously reported cases of encephali-
tis/encephalopathy were clinically mild, and the pa-
tients recovered completely. We retrospectively
reviewed the clinical, radiologic, and laboratory find-
ings of 15 Japanese patients with encephalitis/enceph-
alopathy with a reversible isolated SCC lesion to clarify
whether they share common clinical features and
whather their MRI findings are identical to those re-
ported in the literature secondary to epilepsy.*®

Patients and methods. Possible encephalitis’encepbalopathy
patients with a reversible isolated lesion involving the central
portion of the SCC on MRI were collected retrospectively by send-
ing out a questionnaire to the members of the Annual Zao Confer-
ence on Pediatric Neurology and to some members of the Japanese
Society of Pediatric Neurology and Japanese Society of Neuroradi-
ology. We reviewed MR scans and charts of these patients, includ-
ing information about symptoms, clinical diagnosis, medications,
treatments, prognosis, results of CSF analysis, and EEG. The
diagnosis of encephalitis has been defined as acute onset of brain
dysfunction such as seizures and disorders of consciousness with
inflammatory changes such as ploocytosis of CSF. When there was
no evidence of inflammatory change, we used the term “encepha-
lopathy.* A reversible isolated SCC lesion was defined, for the
purposes of this atudy, as a lesion involving the central pertion of
the SCC without any accompanying lesions on the initial MRI,
which disappearsd on the follow-up study.

Rosults. We identified 15 encephalitis/fencephalopathy
patients with a reversible isolated SCC lesion among the
22 patients whose clinical records and MRI examinations
woere referred for this study. Three patients were excluded
because they had lesions in the white matter or cerebellum
as well as in the SCC. Three were excluded because they
had no follow-up MRI study. One patient, who was taking
oral antiepileptic. drugs, had another-potential cause for
the splenial lesions and was eliminated as well. The clini-

From the Department of Pediatrics (Drs. Tada, Takanashi, and Kohno), Chiba University Graduate School of Medicine, Chiba, Department of Radiology (Dr.
Oba), Teikyo University School of Medidne, Tokyo, Department of Radiclogy (Dr. Maeda), Mie University School of Medicine, Mie, Department of Pediatrica
(Dr. Tsukahara), Faculty of Medicat Sciences, University of Pukui, Pukui, Department of Pediatrics (Dr. Suzuki), Okazaki City Hospital, Okazaki, Division of
Modica! Genetica (Dr. Yamamoto), Kanagawa Children's Medical Center, Yokohama, Department of Radiology (Dr. Shimono), Kinki University School of
Medicine, Osaka, Department of Pediatrics (Dr. Ichiyama), Yamaguchi University School of Medicine, Yamaguchi, Department of Radiology (Dr. Taocka),
Nara Medical University, Keshihara, Division of Neurnlogy (Dr. Sohma), Hyogoe Children's Hospital, Kobe, and Division of Neuroiogy (Dr. Yoshikawa),
Miyagi Children’s Hospital, Sendai, Japan; and Nouroradiolegy Section (Dr. Barkevich), Department of Radioclogy, University of California San Francisco.

Received February 19, 2004. Acoepted in final form July 21, 2004,

Address correspondence and reprint requests to Dr. J.-L. Takanashi, Department of Padiatrics, Graduate Scheol of Medicine, Chiba University, 1-8-1
inchana, Chuo ku, Chiba-shi, Chiba 260-8677, Japen; e-mail: jtaka@facully.chiba-u jp

1854 Copyright © 2004 by AAN Enterprises, Inc.

— 983 —



Table 1 Clinical data for encephalitisfencepholopathy with reversible central splenial lesion

CNS
Patient  Age/ Initial manifestation
no. scx Pathopen symptom  [remcdication (onsct day) CNS diagnosis Therapy I'rognosis CSIF EEG
1 4/F Unknown Diarrhes, None Sejzure, inotor Encephalitis PB, Dex CR(d21) CC,34 Slow BA
vomiting deterioration
3)
) 2M  Uunknewn  Fever Noue Heizure, Encephulopulliy Diuzepuam CHR{d 6 Nortoal Slow BA
drowsinass (3)
3 4/F TUpknown  Fever, None Seizure, blindness Encephalopathy Diazepam CR(d5 NE Slow BA
diarrhea Q)
4 5M Influenza A Fever None Seizure, delirium  Encephalopathy CR{d3 Normal Slow BA
2y
a 5/M  Adenovirus Fever Amantadine Ataxia, Encephalopathy IVIGG CR (1 mo) Normal Slow BA
drowsiness (3)
6 ™M Mumps Faver, Nona Dativivm () Meningnencephalitin  TVIGG CR(d5) Plencytoain Slow BA
parotitia
7 59/f TUnknown  Fever Xone Vertigo (1), Encephalitis ACV, antibiotics CR{d 8} CG, 500 Slow BA
lethargy (2)
] 18/F UCuknown  Fever None Se‘izure, deliriwn  Encepliailiz PB, PSL CH (1wmo) €C, 17 SludeA
2) ah
spikes
0 19/M Unknown  Fever, None Delirium (T}, Encephalitis ACV,TIIT,PSL CR{d 17) Normal Slow BA
cough geizure (8)
10 &M Mumps Fever, None Headache (1), Meningoencephalitia CRd 1 CC, 118 Normal
yomiting seizure,
delirium (4)
11 4/F Uuknown  Fever Noue Heizure, deliiuin  Encephbalopathy Aulibivlics, CR{d5) Norwal NE
2) diazapam
12 25F VIV Fever, Nane Haadache, Encephalopathy ACV CR(d10) NE NE
vesicula drowsincss,
nausea (3)
14 g/F UCuknown  Fever Nowe Neck stilfness (3), Metingoencephulilis  ACY, CH{d21) CC, 437 Slow BA
vertign, tramaor antibiotirs,
Y] Dezx
14 29/M Unknown  Fever None IIallucination, Encephalopathy ACV, CR{d 11) Normal Slow BA
delirium {6) antibiotics,
PSL
13 10/M TUnknown  Fover None Drowsiness (3) Encephalopathy, Antibiotics, CR (d 14) Normal Slow BA
rhabdomyolysis IVIGG

I'B — phenobarbital; Dex — dexamethasone; CR — complete recovery; CC — cell count ¢mm®); BA = basic activity; NE = not examined; IVIGG = v
immunoglobulin G; ACV = acydovir; PSL = prednisolone; PHT = phenytoin; VZV = varicella zoster virus.

cal records and radiologic examinations of the remaining
15 patients were reviewed by the authors and are the basis
of this study. The findings of the 15 patients are summa-
rized in tables 1 and 2.

The 15 patients (8 male and 7 female; age 2 to 59 years)
developed normally until the onset of neurologic symp-
toms. Fever preceded neurologic symptoms in all 15 pa-
tients. Directly causative agents were identified by rapid
antigen-detection assay, PCR, positive IgM, or longitudi-
nally increased 1gG in & of 15 patients. The pathogens
included influenza A, mumps virus (two patients),
varicella-zoster virus, and adenovirus. The onset of neuro-
logic symptoms ranged from day 1 to 7 of the illness. Eight
of the 15 patients had seizures. Other neurclogic symp-
toms included disorders of consciousness (12 patients), ver-
tigo (2 patients), motor deterioration, blindness, ataxia,
tremor, and hallucinations. No patient needed mechanical
ventilation. Three patients had received antiepileptic
drugs (phenobarbital for two patients and phenytoin for
another) at the time of MR studies. Analysis of CSF re-
vealed pleocytosis in 8 of 13 examined patients but normal
glucose and protein levels. EEG ghowed slow basic activity
characteristic of encephalitis/encephalopathy in 12 of 13
examined patients. Though their treatments were variable

(e.g., corticosteroids for five patients and IV IgG adminis-
tration for three patients), all 15 patients clinically recov-
ered completely within 1 month (8 patients within 1 week
after the onset of neurologic symptoms) without sequel.

In 14 of the 15 patients, the initial MR study was per-
formed within 4 days of the onset of neurclogic symptoms.
On axial images, the lesion was ovoid and in the center of
the SCC in six patients (Patients 3, 4, 7, 8, 13, 14) (figure
1) and extended irregularly into the lateral portion of SCC
in the other eight patients (figure 2). In Patient 12, a
lesion in the central portion of the SCC was detected on
sagittal T1- and T2-weighted images (axial T2-weighted
image being unavailable). There was no obvious correla-
tion between the shape of SCC lesion and the scan date,
neurologic symptoms (presence or absence of seizures, date
of complete recovery), or laboratory findings. The 8CC le-
sion was, compared with the surrounding splenium, homo-
geneously hyperintense on T2-weighted images and
isointense to slightly hypointense on T1-weighted images.
Homogeneously reduced diffusion (hyperintensity on
diffusion-weighted images and low apparent diffusion coef-
ficient [ADC) values) was seen in all seven patients exam-
ined by diffusion-weighted imaging. There was no
enhancement of the SCC lesion after gadoliniam adminis-

November (2 of 2) 2004 NEUROLOGY 63 1853
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Table 2 MR data for patients with encephalitislencephalopathy with reversible central splenial lesion

Initial MRI

Follow-up MRIL

::t]e“t Scan date Lesion Shape T2WI T1WI Gd DwWl ADC Scan date Lesion
L Day 3 (0 SCC Extended i sl L NE NE NE Day G None
2 Day 3 (0) sceC Extended sl H slL — H L Day 60 None
3 Day 5 (2) SCC Qvoid s1H I NFE NFE NE Day 9 None
4 Day 3 (11 sce Ovoid sl H I NE H L Day 13 None
5 Day 3 (0) SCC Extended st H I NE q L Day 7 None
6 Day 4 (1) SCC Extended sl H I NE H L Day 8 None
7 Day 3 (2} None

Day 5 (1) 8CC Ovoid YR slL - I L Day 20 None
3 Day 3 (2) sCC Ovoid sl 0 1 — NE NE Day 25 None
Day 8 (2) SCC Extended slH I NE NE NE Day 12 None

10 Day 7(3) 8CC Extended H I — NE NE Day 14 None

11 Day 3 (1} |soc Fxtended slH f NF NF NE Nay 30 None

12 Day 10 (8) scc sl H I NE NE NE Day 40 None

13 Day 7 (4) SCcC Ovoid H L — NE NE Day 15 None

14 Day 7 (1) 5CC Ovaid II sl L NE II L Day i None

15 Day 4 (2) SCC Extended sl H slL NE H L Day 8 None

Qean data (days after CNS manifestations). TIWT = T2-weightad image; TIWI = Tl.weighted image; Gd = gadolinium enhancement;
DWI = diffusion-weighted imaging; ADC = apparent diffusion eoefficient; SCC = splenium of the corpus callosum; H = high intensity;
sl L = slightly low intensity; NE = not examined; sl H = slightly high intensity; L = low intensity; I = iscintensity.

tration in any of the five patients who received contrast
material. MRI of Patient 7 showed normal findings at 2
days after the onset of neurologic symptoms but revealed
an SCC lesion at 4 days (see figure 1}. The SCC abnormal-
ities of all 15 patients completely disappeared at follow-up
MRI studies performed 3 days to 2 months after the first
abnormal study (within 1 week in 8 of 15 patients). In at
least six patients (Patients 1, 5, 8, 9, 13, 15), the SCC
lesion disappeared before clinical recovery was complete.

Discussion, Despite different causative agents,
the clinical features of the 15 patients with encepha-
litis/encephalopathy and an isolated reversible SCC
lesion were nearly identical, consisting of relatively
mild CNS manifestations and complete recovery
within 1 month. Thus, we propose that this may
represent a new clinicoradiologic syndrome with an
excellent prognosis and that MRI is a key study in
establishing the diagnosis.

As in any patient with encephalitis/encephalopa-
thy and lesions in the white matter, acute dissemi-
nated encephalomyelitis (ADEM) should be

.considered in the differential diagnosis.® ADEM is
monophasic postinfectious or postvaccinial inflam-
matory disorder, which is pathologically character-
ized by an acute perivenous lymphocytic infiltration
with confluent demyelination. ADEM presents with
seizures, focal neurologic signs, and alteration of con-
sciousness, which develop days to weeks after the
onset of presumed viral infections. CSF analysis re-
veals mild pleocytosis. Corticosteroids are accepted
as useful treatment for ADEM, and recovery occurs

1856 NEUROLOGY 63 November (2 of 2) 2004

Figure 1. Case 7. MRI on day 5, showing an ovoid lesion
in the mid-splenium of the corpus callosum an diffusion-
weighted imaging (B) and apparent diffusion coefficient
{ADC) map (C) with decreased ADC value and no en-
hancement on gadolinium-enhanced T1-weighted imaging
(A). Follow-up study on day 20 showed no lesion on any
sequence (D).
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Figure 2. Case 15. MRI on duay 4, showing a lesion ex-
tending into the lateral portion of the splenium of the cor-
pus callosum (SCC) on T2- and Ti-weighted imaging (A,
Bj and diffusion-weighted imaging (C). The lesion in the
SEC disappeared on all sequences on day 8 (D, E).

within weeks.? In contrast, the patients in this report
developed neurologic symptoms quickly after the on-
set of illness (day 1 to 7) and also recovered com-
pletely within 1 month (mostly within 1 week after
neurologic manifestations). Directly causative agents
were identified in & of the 15 patients, suggesting
primarily infectious encephalitis/fencephalopathy
rather than postinfectious. Corticosteroids were not
necessary in most of the patients.

MRI in ADEM usually shows multiple foci of T1
and T2 prolongation, typically bilateral and asym-
metric, in the subcortical white matter."” Although
the corpus callosum may be involved in ADEM, these
patients nearly always have asymmetric callosal le-
sions in addition to other white matter lesions.!* Af-
ter contrast agent infusion, the lesions in ADEM will
show variable enhancement depending on their acu-
ity. The lesions usually evolve over weeks to months
and disappear only after several months, as the im-
aging evolution of the disease lags behind the clinical

evolution. Indeed, the white matter damage may be
permanent. The SCC lesions in the patients in this
report had no contrast enhancement, and most dis-
appeared completely within 1 week before clinical
recovery was complete. The splenial lesions in these
patients, therefore, are clinically and radiologically
unlikely to represent a manifestation of ADEM.

Other possible differential diagnoses of splenial
lesions include ischemia, posterior reversible enceph-
alopathy syndrome, diffuse axonal injury, multiple
sclerosis, hydrocephalus, Marchiafava-Bignami dis-
ease, lymphoma, and extrapontine myelinolysis."
These are excluded clinically and radiologically in
our patients.

One of the most interesting MRI findings in the
patients in this study is that the SCC lesion has
reversible, homogeneous reduced diffusion. The re-
versibility suggests that this finding is distinct from
cytotoxic edema seen in cellular energy failure, such
as acute infarction, which is nearly always irrevers-
ible. We postulate two possible mechanisms for the
transiently decreased ADC of the lesions: intramy-
elinic edema and inflammatory infiltrate. Recently,
high signal on diffusion-weighted imaging and de-
creased ADC values of white matter lesions have
been observed in patients with Canavan disease,
metachromatic leukodystrophy, and phenylketonu-
ria.1213 A possible explanation proposed for this phe-
nomenon is intramyelinic edema due to separation of
myelin layers.'2!3 Interestingly, periventricular T2
abnormalities in phenylketonuria have been shown
to be reversible with improvement in metabolic
control. 1315 Therefore, the transiently decreased ADC
values of the SCC lesion suggest that reversible in-
tramyelinic edema may be the operant factor. A
diffusion-weighted imaging study of multiple sclero-
sis found decreased ADC values in 4 of 28 homoge-
neously enhancing multiple sclerosis lesions.'® The
authors postulated that the influx of inflammatory
cells and macromolecules, combined with related cy-
totoxic edema, might have caused decreased ADC.
Thus, the decreased ADC in the splenium may be a
result of inflammation. With either cause, intramy-
elinic edema or inflammation, ADC may return to
normal if the cause resolves quickly.

Why is the splenium involved as an isolated site?
Although the splenium is the only region where the
vertebrobasilar system supplies blood to the corpus
callosum (which is primarily supplied by the carotid
system),”” the reversibility of the lesions and the ab-
sence of any other lesions in vascular distributions
make it unlikely that the splenial abnormalities are
the result of ischemia. Another possible pathogenesis
of the splenial lesions might be related to the pres-
ence of elevated inflammatory cytokines, such as
interleukin-6,1%** although the exact mechanism by
which the splenium would be involved as an isolated
site due to any of the causes is difficult to under--
stand. One might propose that the viral antigens or
receptors on the antibodies induced by the antigens
have specific affinities for receptors on splenial axons
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or the myelin sheaths surrounding them, but this is
‘pure speculation.

Recently, an ovoid-shaped reversible splenial le-
sion has been reported in approximately 20 patients
with epilepsy receiving antiepileptic drugs.'* Homo-
geneously reduced diffusion was reported in some
examined patients.®5 Toxic levels or rapid with-
drawal of antiepileptic drugs or frequent seizures are
presumed to be the cause of the lesion in these pa-
tients. The imaging features of the lesions in these
epileptic patients are very similar to those in our
encephalitis/encephalopathy patients; however, the
shape of the lesion is somewhat different. In re-
ported patients and one patient referred to us who
was receiving antiepileptic drugs, the SCC lesions
were ovoid or round in shape'® except for one pa-
tient.? In contrast, the lesions were ovoid in six of our
patients and irregularly extended into the lateral
portion of the SCC in eight patients with encephali-
tis/encephalopathy. Among 15 patients with enceph-
alitis/fencephalopathy in this study, 7 patients had no
seizures, and only 3 of the 8 patients with seizures
received antiepileptic drugs. We conclude, therefore,
that the lesions in our patients with encephalitis/
encephalopathy did not result from seizures or anti-
epileptic drugs per se, though these two conditions
may share the same unknown pathogenesis or have
same spectrum.

1t is unclear how common this finding might be in
patients with mild encephalitis/fencephalopathy. Be-
cause of the relatively high incidence of influenza-
associated encephalitis/fencephalopathy in J apan,®1®
we have had the opportunity to obtain brain MRI in
15 children with relatively mild CNS symptoms;
however, MRI studies are not commonly obtained in
such patients, making it difficult to know how often
SCC lesions might be seen in this patient population.
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LETTER TO THE EDITOR

The difficulties of diagnosing VPA-induced pan-
creatitis in children with severe motor and
intellectual disabilities

A S-year-old girl developed normally until 1 year of
age, when she contracted influenza encephalopa-
thy. She then became bed-ridden with spastic
quadriplegia, mental retardation and epilepsy as
sequelae. Oral administration of valproic acid
(VPA) was begun because of intractable seizures.
In March 2003, her seizures stopped completely
after the VPA dosage was increased. However, she
lost her appetite and her body weight decreased
from 17.5 to 16.5 kg in one month. On Aprit 10, she
became inactive without fever, nausea or vomit-
ing. Physical examination revealed no abnormal
findings, including abdominal defense and tender-
ness. Laboratory examinations disclosed no abnor-
mal findings. On April 11 she started vomiting and
the next day she developed fever to 38 °C. On April
13, she developed acute respiratory failure and
hypoxemia refractory to oxygenation. Chest XP
showed bilateral diffuse infiltrations and she was
put on mechanical ventilation. Laboratory data
blood results were as follows: CRP 13.55 mg/dl,
total protein 4.3 g/dl, GOT 45 IU, GPT 291U, LDH
776 \U, Ca 7.5mg/dl, FDP 98.0 ug/dl (nl <5.0)
and serum amylase 190 [U/1 (nl < 130). However,
no diagnosis could be established at that time. An
abdominal CT showed marked swelling of the
pancreas, and abdominal fluid (Fig. 1}, and acute
pancreatitis was diagnosed, probably due to VPA.
VPA was stopped and treatment for pancreatitis
was started. On April 16, laboratory examination
disctosed a marked increase of pancreatic enzymes
(lipase 76 IU/L (5-33), trypsin 4012 ng/ml (100-
500) and elastase 119138 ng/dl (72-436)), but with
only slightly increased serum amylase 153 [U/l. On
May 9 laboratory data had normalized and an
abdominal CT disclosed a marked improvement in
pancreatic swelling. She recovered completely
without any sequelae.

Acute pancreatitis has been reported as a rare
adverse effect of VPA.' Many patients developed

www .elsevier,com/locate/ejpn

acute pancreatitis induced by VPA had neurologi-
cal deficits, such as cerebral palsy and mental
retardation.'"* Grauso-Eby et al.? reported that
35% of reported children with VPA-induced
pancreatitis had neurological deficits. Patients
with neurological deficits rarely complain of
clinical symptoms such as abdominal pain.
Abdominal defense and tenderness are also
unclear. Qur patient did not show any symptoms
suggesting pancreatitis. Furthermore, severely
disabled children often vomit due to gastro-
esophageal reflux, and it has been reported that
acute pancreatitis can be misdiagnosed as gastro-
esophageal reflux.* The increased level of serum
amylase was trivial in our patient. Almost half of
the reported patients with VPA-induced pancrea-
titis had a trivial increase or normal levels of
serum amylase.'”3 The reason for this remains
obscure. The diagnosis of pancreatitis without
suggesting symptoms and elevation of serum
amylase levels is difficult and only swelling of
the pancreas on abdominal CT enabled us to
diagnose acute pancreatitis in our patients. Other
pancreatic enzyme tests, such as trypsin, elastase
and lipase were also helpful for the diagnosis. In
severely disabled children, we should keep in

Figure 1 Abdominal CT finding. Abdominal CT disclosed
diffuse markedly swelling of pancreas.

1090-3798/5 - see front matter © 2003 European Journal of Paediatric Neurology. Published by Elsevier Ltd. All rights reserved.

dof:10.1016/j.ejpn.2003.12.004
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mind VPA-induced pancreatitis as a cause of 3.
vomiting or unexplained symptoms, even if
the serum amylase level is not or only slightly

elevated.
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Meningitis

11 episodes Epilepsy
. ’ 43 episcdes

Theophylline-
induced seizure

12 episodes

Encephalitis
17 episodes

Fig. 1 ltemized etiologies of 89 episodes of status elilep-
ticus treated with midazolam
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‘Fig. 2 Results of midazolam infusion in each line
1st ! firstline, 2nd - second-line, 3rd . third-line, 4th:
fourth-line
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Table 1 Bolus dose and infusion rates of
intravenous midazolam infusion

Bolus dose  Infusion rate
(mg/kg) (mg/kg/hr)

Total 89 episodes 00504 ‘0.06-06
(mean 0.154)  (mean 0.178)
Effective 75 episodes 0.060.3 006-0.32

(mean 0.151)  (mean 0.145)

Table 2 Comparison of effectiveness between
midazolam and diazepam

DZP (first-line) : 106/159 (66.7%)
MDL {first-line) : 35/ 43 (83.3%)
MDL (total) 1 75/ 89 (84.2%)

DZP : diazepam, MDL ! midazolam

7] p<00s

51 75 WETIFTTHATAD &, bolus dose 0.06~
03 mg/kg (¥ 0151 mg/kg) . ¥l 006~032
mg/kg/hr (¥ 0.145 mg/kg/hr) ThHo7z (Ta-
ble 1o BXMDITE A ¥id. 03 mg/kg AT ORF
FTHVRARBREL. BHERE LTIHATHR
EREHNTS SN, 1 FICRREH G RD LR
FESANBERITETH o7

wee NEECH 6 ERICRARERELT
ABELERTY 7T YL REREITLOR
145 #1 159 & TH o 7= (METOHBEED) .
oA+ s alEEL EEEOHE TR
R, 6, BRI TEREALLOTH
Biole TORANMEERLZOII6RSE
(667%) THH, I ¥V TLOHEYREUBTE
LEEI B o7 (Table 2)o V7 Y78 AEHE 159
BEnS b 14 BETRERHERLZLAEAR
WERATRERAELL.Z09 5 0H#R
T VT B LIRS, IR &
LIS, RS hIERTh oz, 2O UBR
OIEFEB AR - BRIE6 e, TAPA4R
&, B VWRAZEBE, F4T74Y VITVRA
QL ThH ot BRIZGETELVEMAD
Holza

Mean infusion time
(hr)

1327

490

512

Mean infusion rates
(mg/Kg/hr)

0.191
0.30

0178

Mean bolus dose
(mg/Kg)

0173
035

0.154

First-line

35/82
nd.
42/89

Effectiveness (%)

85.4%
792%
84.2%

Table 3 Domestic reports of midazolam infusion for status epilepticus in children

episodes

53
89

Region

Hokkaido

Saitama

Niigata

Author

Minagawa et al®

Hamano et al”?

Present report

n.d. : no description



