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A Successful
Treatment With
Pyridoxal Phosphate
for West Syndrome in
Hypophosphatasia
Hitoshi Yamamoto, MD,

Yuka Sasamoto, MD,

Yusaku Miyamoto, MD,

Hiroshi Murakami, MD, and
Noriko Kamiyama, MD

We report a 2-month-old male with West syndrome
associated with infantile hypophosphatasia. The male
infant was born at term to a healthy mother after an
uneventful pregnancy. He was born by cecsarean sec-
tion because of breech presentation. He was observed
to have short extremities, and radiographs were con-
sistent with achondroplasia. The serum alkaline phos-
phatase level was 2 IU/AL. Intractable tonic seizures
developed 2 days after birth, and an electroencephalo-
gram revealed a burst-suppression pattern for the first
2 months of life. The seizures were uncontrollable with
conventional antiepileptic drugs. At the age of 2
months, he had a series of infantile spasms, and the
electroencephalogram  indicated hypsarrhythmia,
Treatment with high-dose pyridoxal phosphate elimi-
nated his seizures. © 2004 by Elsevier Inc. All rights
reserved.

Yamamoto H, Sasamoto Y, Miyamoto Y, Murakami H,
Kamiyama N. A successful treatment with pyridoxal
phosphate for West syndrome in hypophosphatasia. Pedi-
atr Neurol 2004;30:216-218.

Introduction

Hypophosphatasia is a rare disease marked by subnor-
mal alkaline phosphatase activity in serum and many
organs, rachitic bone manifestations, and an increase in
urinary phosphoethanolamine. Subnormal serum activity
is the hallmark of this disease and reflects a generalized
deficiency in the activity of tissue-nonspecific alkaline
phosphatase isoenzyme (TNSALP) [1]. It is classified as
fetal type, infant type, child type, and adult type, with a
more serious and poorer prognosis in the younger patients
[2]. We report a 2-month-old male with West syndrome
associated with infantile hypophosphatasia. The patient
had intractable seizures and a burst-suppression pattern
which evolved into hypsarrthythmia in the electroenceph-
alogram. This report is the first case where high-dose
pyridoxal phosphate therapy was effective for refractory
scizures in West syndrome associated with hypophos-
phatasia.

Case Report

The patient was born at 38 weeks via cesarean section secondary to
breech presentation. During early pregnancy, a twin gestation was
evident, but a repeat ultrasound at 11 wecks revealed only one fetus. The
remaining pregnancy was uneventful. His bicth weight was 2795 gm.
After delivery, he had an initial Apgar of 6 and required resuscitation. He
had gradually experienced respiratory distress requiring intubation. On
exarmination, he had short bowed extremities and a soft skull. Radio-
graphs were consistent with achondroplasia. His skull was only ossified
around the face and forehead, and long bones were short and had
metaphyseal cupping (Fig 1). On admission, his.serum calcium was 9.5
mEqg/L. and serum alkaline phosphatase was 2 IU/L which was ex-
tremely low. Increased levels of urinary phosphoethanolamine were
identified after hospitalization. His condition was diagnosed as fetal type
hypophosphatasia based on the physical examination, radiclogic find-
ings, and laboratory findings. Intractable tonic seizures developed 2 days
after birth, and the electroencephalogram revealed a burst-suppression
pattern for the first 2 months. The cranial magnetic resonance imaging
findings were normal.

The seizures were refractory to conventional antiepileptic drugs, such
as phenobarbital, phenytoin, clonazepam, and sodium valproate. At the
age of 2 months, he had a series of infantile spasms, and the electroen-
cephalogram revealed hypsarrhythmia (Fig 2). In addition, the levels of
cerebrospinal fluid y-aminobutyric acid measured by high-performance
liquid chromatography were less than 0.005 nmol/mL. He was diagnosed
with West syndrome associated with hypophosphatasia and was begun on
kigh-dose vitamin B, (pyridoxal phosphate, 30 mg/kg/day). The seizures
decreased remarkably on the day after administration and disappeared by
the third day. Electroencephalographic findings at 3 months of age
indicated remarkable improvement, and epileptic discharge was not
observed (Fig 3). Cerebrospinal fluid examination was performed again
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Figure 1. The whole-body x-ray reveals profound skeletal hypominer-
alization.

at the same period, but the levels of cerebrospinal fluid y-aminobutyric
acid were still less than 0.005 nmol/mL which was extremely low.
Seizures never recurred, bui the patient died of pneumonia at 18 months
of age.

Discussion

Hypophosphatasia is a rare metabolic bone disease
which highlights the importance of alkaline phosphatase in
skeletal mineralization. It is characterized clinically by
defective skeletal mineralization that manifests as rickets
in infants and children and osteomalacia in adults. Perina-
tal hypophosphatasia is the most severe form. It is ex-
pressed in uterc and may result in stillbirth. The pregnancy
may also be complicated by polyhydramnios.

Caput membraneceum and limbs that are shortened and
deformed from profound skeletal hypomineralization are
evident at birth. Radiographic survey of the skeleton
enables perinatal hypophosphatasia to be readily distin-
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guished from even the most severe types of osteogencsis
imperfecta and congenital dwarfism. Indeed, the radio-
eraphic changes may be considered diagnostic. However,
the findings are diverse and there is marked patient-to-
patient variability {3].

Our patient was diagnosed with perinatal hypophos-
phatasia. Deficiency of the TNSALP gene is associated
with defective skeletal mineralization [4]. Mice that lack
TNSALP by homologous recombination with embryonic
stem cells have normal skeletal development. However, at
approximately 2 weeks of life, homozygous mutant mice
develop seizures which are subsequently fatal. Defective
metabolism of pyridoxal 5'-phosphate (PLP), character-
ized by elevated serum PLP levels, results in reduced
levels of the inhibitory neurotransmitter vy-aminobutyric
acid in the brain. The mutant seizure phenotype can be
rescued by the administration of pyridoxal phosphate and
a semisolid diet [3). However, it is suggested that the
physiologic role of TNSALP in humans is different from
that in knockout laboratory mice [6]. The cause of intrac-
table seizures in hypophosphatasia is still unknown,

In our patient, the levels of cerebrospinal fluid -y-ami-
nobutyric acid were extremely low at the time of initial
seizure onset and at the time of the disappearance of
seizures; therefore the antiepileptic mechanism of pyri-
doxal phosphate was unknown. Pyridoxine-dependent sei-
zures associated with hypophosphatasia in an infant were
reported by Nunes et al. [7]. The main difference between
the present report and the above report is in the develop-
ment of West syndrome over time and differences between
pyridoxine and pyridoxal phosphate. Earlier treatment of
the infant in the present report with pyridoxine phosphate
would have resulted in clinical reasons identical to those
specified in the Nunes et al. report. Litmanovitz et al.
reported two missense mutations of the TNSALP gene in

Figre 2. Hypsarehythmia in the electroencephalogram is observed at 2 maonthy of age.
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Figire 3. Electroencephalogram at 3 months of age after the administration of pvridexal phasphere.

neonatal hypophosphatasia associated with seizures {8].
They observed that the seizures responded to vitamin B,
and stated that the phenotype-genotype correlation indi-
cated that G309R was a deleterious mutation that could
lead to seizures and a lethal outcome. The present study is
the first case to report the electroencephalographic
changes in West syndrome associated with hypophos-
phatasia by administration of pyridoxal phosphate, and the
changes in the levels of cerebrospinal fluid y-aminobu-
tyric acid during the therapeutic period.

The authors greatly appreciate the expent advice of Professor Takeshi
Horiuchi. and also thank Miho Fukuda for her helpful suggestions.
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Studies on cerebrospinal fluid ionized calcium and magnesium
concentrations in convulsive children

YUSAKU MIYAMOTO, HITOSHI YAMAMOTO, HIROSHI MURAKAMI, NORIKO KAMIYAMA
AND MTHO FUKUDA
Department of Pediatrics, St. Marianna University School of Medicine; Kawasaki, Japan

Background: The concentrations of ionized calcium (iCa) and ionized magricsium (iMg) were measured in
the cerebrospinal fluid (CSF) of convulsive and non-convulsive children, to investigate the relationship
between seizure manifestation and CSF iCa and iMg concentrations. Standard concentrations of CSF iCa and

Methods: CSF samples from 23 patients, ages 0-15 years, with various forms of seizures and 26 age-matched
non-convulsive children were collected by lumbar puncture. CSF was obtained anaerobically and the
concentrations of CSF iCa and iMg were measured with an electolyte analyzer (Stat Profile Ultra M1, NOVA,
Results: The concentrations of CSF iCa were significantly higher in non-convulsive children younger than
11 months old compared with children older than 12 months. The concentrations of CSF iMg in non-
convulsive children did not differ significantly with aging. The concentrations of CSF iCa in convulsive
children did not differ significantly from the concentrations of non-convulsive children. The concentrations of
CSF iMg in convulsive children were significantly lower than in non-convulsive children. :

Conclusion: These results suggest that seizure manifestation is related to age-dependent changes in iCa and

Abstract
. iMg were also established.
USA) immediately after the lumbar puncture.
decreased iMg in the developing brain.
Key words

Magnesium (Mg) is the second most abundant intracellular
cation and the fourth most abundant cation in the body. Mg is
a cofactor for more than 325 cellular enzymes involved in
cellular energy production, membrane functions, gating of
. ionized calcium (iCa) channels, transmembrane flux of ions,
regulation of adenylate cyclase, and iCa release, inside many
types of cells. In addition, jonized magnesium (iMg) has
numerous structural functions, stabilizes cell membranes, and
acts as a iCa antagonist. Mg plays a role in control of
neuronal activity, cardiac excitability, nevromuscular trans-
mission, vasomotor tone, and blood pressure, among other
functions.! Ionized Mg acts as a Ca channel blocker and
hypomagnesemia presents as tetany or seizures. An increase
in pH decreases iMg and iCa activities. Although iMg is
affected by a change in plasma acidity (pH), the change is not
as large as that for iCa.? The H ion competes with iMg and

Cormespondence: Yusaku Miyamoto, Department of Pediatrics, St.
Marianna University School of Medicine, 2-16-1 Sugao, Miyamae-
ku, Kawasaki 216-8511, Japan. Email: yusaku @marianna-u.ac.jp
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acid-base balance, cerebrospinal fluid, convulsion, jonized calcium, ionized magnesivm.

iCa for protein and other ligand binding sites, thereby
increasing iMg and iCa activities. A rise in pH results in the

_reverse, with a drop in plasma iMg. Clinically, certain
. epileptic scizures can be induced by hyperventilation which

raises the pH, and others can be inhibited by a ketogenic diet
which lowers the pH. In this study, the concentrations of iMg
and iCa were measured in the cerebrospinal fluid (CSF) of
convulsive and non-convulsive children to investigate the
relationship between seizure manifestation and CSF iMg and
iCa concentrations. Standard concentrations of CSF iMg
and iCa were also established. This is the first report to study
the relationship between CSF iMg and iCa and seizure
manifestation.

Materials and methods

Cerebrospinal fluid was obtained from 23 patients, ages
0-15 years {mean 28 months), with various forms of seizures
which were the first seizure in their life time, respectively:
febrile seizure, seizures following acute gastroenteritis, and
situation-related seizures. In total, 26 age-matched (mean
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Fig.1 Concentrations of cerebrospinal fluid ionized magnesium
in non-convulsive children.

55 months} non-convulsive children’s CSF samples were
obtained from patients who were examined using lumbar
puncture for diagnosis of possible meningitis and then were
demonstrated to be normal. None of the contrels had any
neurological abnormalities. CSF was collected by lumbar
puncture anaerobically within an hour after the cessation of
seizure activity, from April 2002 to February 2003. The types
of seizures were generalized tonic or tonic-¢clonic, and the
duration of each seizure was between I and 5 min (mean
I min). The concentrations of CSF iMg and iCa were
measured with an automatic ion selective electrode analyzer
(Stat Profile Ulira M1, NOVA, USA) immediately. The
concept and inherent advantages of this electrolyte analyzer
system have been described previously.? The concentrations
of CSF iMg and iCa were normalized to pH 7.4 for purpose
of direct comparison. This research received prior approval
by the University Institutional Review Board, and informed
consent was obtained from each patient or parents of each
patient in the convulsive and non-convulsive group. The
convulsive and non-convulsive children were placed into six
groups for analysis. Each of the results was analyzed for the
six groups using the Mann—Whitney U-test.

Results

The six groups were as follows: Group A, six convulsive
children younger than 11months old; Group B, 10 non-
convulsive children younger than 11 months old; Group C,
17 convulsive children older than 12 months; Group D, 16
non-convulsivechildren older than 12 months; Group E, all
23 convulsive children; Group F, all 26 non-convulsive
children. The concentrations of CSF iMg in non-convulsive
children did not differ by age and were held within a narrow
range (Fig. 1). The concentrations of CSF iCa were signifi-
cantly higher in non-comvulsive children younger than
11 months old compared with children older than 12 months,
and after 12 months CSF iCa was also maintained in &
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Fig.2 Concentrations of cerebrospinal fluid ionized calcium in
non-convulsive children.

narrow range (Fig. 2). The concentrations of CSF iMg in
convulsive children older than 12 months were significantly
jower than in non-convulsive age-matched children. The
concentrations of CSF iCa in convulsive children did not
differ significantly from the concentrations of non-convulsive
children. These results are listed in Table 1 and Table 2.

Discussion

Extrapolating from Ca studies where iCa, not total Ca was
found to be physiologically active, it is anticipated that iMg
and not total Mg is also physiologically active. Whole blood
maintains a very narrow normal range for iMg.* This study
revealed that CSF iMg and iCa were also maintained in a
very narrow range. Intracellular total Mg greatly exceeds
extracellular or serum total Mg concentrations. In contrast,
intracellular iMg appears to be quite comparable to extra-
cellular iMg. In addition, iMg passes through the cell
membrane relatively quickly suggesting that the two iMg
reservoirs are in dynamic equilibrium.® These cbservations
suggest that the extracellular measurement of iMg reflects the
dynamic intracellular-extracellular Mg homeostasis. Concen-
trations of neurotransmitters in CSF are determined by the
rates of synthesis, release, and degradation of the parent
compounds as well as the rate and efficiency of elimination
from brain and CSF. Maturational changes in storage pool,
rates of turnover, transport systems, intra- and extraneuronal
metabolism, rates of CSF production, and brain and spinal
column morphology, all may- alter CSF neurotransmitter
concentrations.* In previous “studies, several investigators
reported that the CSF concentrations of several neurotrans-
mitters in younger children were considerably higher than
those of older children and adults.” In the present study, no
significant correlation was observed between age and the
CSF concentrations of iMg. The concentrations of CSF iMg
were extremely stable despite age, time, and the volume of
CSF taken. In contrast, the present study documented an
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Table1l Concentrations of cerebrospinal fluid (CSF) and ionized magnesium in convlusive and non-convulsive children

Age < 11 months

Convulsive group (n = 23) Group A (n=6)
0.96£0.02ab

Non-convulsive group (n = 26) Group B (n=10)
0.95+0.01 b,c

Age 2 12 months Total
GroupC(n=17) GroupE (n=23)
0.89+0.02a,d 0.9010.01e
Group D.(n = 16) Group F (n = 26)
095+001cd 095+0.0Ie

All data expressed as mmol/L CSF {mean £ SE). Letters indicate significance between values with the same letter: a-c, not significant;

d-e, P < 0.05.

Table 2 Concentrations of cerebrospinal fluid (CSF) and ionized calcivm in convlusive and non-convulsive children

Age < 11 months Age 2 12 months Total
Convulsive group (n = 23) GroupA (n=6) Group C(n=17) Group E (n = 23)
1.11 £0.05a¢c 1.00+0.01 ad 1.03£002¢
Non-convulsive group {n = 26} Group B (n=10) Group D (n = 16) Group F {n = 26)
: 1.16£001be 1.01+£0.01bd 1.07+0.02¢

All data expressed as mmol/l. CSF (mean % SE). Letters indicate significance between values with the same letter: a,

P <0.05; b, P <0.01; c—¢ no significant difference between groups.

inverse correlation between agé and CSF concentrations of
iCa. The lower concentrations of CSF iCa after 12 months
old may be related to the general increasing seizure suscepti-
bility in children. The importance of age-matched non-
convulsive children in studies of CSF neurochemicals in the
developing brain is emphasized. However, there is no normal
control data for CSF iMg. and iCa, and the relationship
between seizure manifestation and CSF concentrations of
iMg and iCa has not been previously reported in children.
Approximately 50% of convulsive and control children had
fever at the moment of lnmbar puncture and the influence of
fever to the measurement results was not clear, but fever has
been demonstrated ot to affect some CSF neurochemicals.!

There is a serial study, by Lux and Heinemann, about the
movement of extracellular iCa during the aberrant depolari-
zation of & nevronal cell*? According to the report,
decreased concentrations of extracellular iCa in cortical IV
and V layers and in the cone cell blanket of hippocampal
CALl and CA3, were observed using microelectrodes. When
the concentrations of intracellular iCa increase after iCa
flows into a cell, non-specific depolarizing membrane current
is activated and bursting activity occurs. Sugaya et al. also
reported the relationship between the bursting activities and
the inflow of iCa into a neuronal cell. 5 There was another
report which described the relationship between the urinary
concentrations of Ca and febrile convulsions.'* These results
supgest that the dynamics of iCa in neuronal cells play an
important role in the seizure manifestation.

Magnesium exists as three forms in vivo: protein binding
Mg, anion-bound Mg, and iMg. Tissues respond to the
jonized fraction of Mg, not the total concentration, where

— 972 —

cations may be bound to protein or small ligands.' The
measurement of iMg in whole blood, plasma or serum has
been difficult historically, but became easier in 1992 with the
use of ion-selective electrodes.? However, there is no report
of reference concentrations of iMg in CSF or changes in the
concentrations of CSF iMg in convulsive children. Acid-base
balance influences the measurement results of CSF iMg and
iCa. With increased acidity, H ion enters cells ard the charge
is balanced by iMg and iCa leaving cells. Alkalinizing results
in the reverse, with a drop in iMg. In this study, we collected
CSF anacrobically and analyzed it immediately after the
lumbar puncture. We normalized iCa and iMg values to
pH7.4 using a correction formula in the instrument to
exclude the effects of crying and sample preservation.”” The
concentrations of CSF iCa were significantly higher in
control children younger than 11 months old compared with
in children older than 12 months. This result suggests that the
decreasing concentrations of iCa in the brain may relate to
the increasing age-dependent seizure threshold in childhood
after 12 months of age. In contrast, the concentrations of CSF
iMg did not differ with aging, but the concentrations of CSF
iMg decreased after convulsions. These results suggest that
the concentrations of CSF iMg are beld within a2 narrow
range in normal children. Studies on. convulsive subjects
indicate that CSF iMg concentrations are significantly lower
than normal. In the N-methyl-D-aspartate receptor, which is
one of the brain’s excitatory neurotransmitter glutarnic acid
receptors, a glycine binding site, a sodium and Ca ion channel,
an Mg binding site, is also implicated. And, it is said that the
subunits constituting the glutamic acid receptor, change with
age.'® These results suggest that there is a relationship



between the changes in concentrations of extracellular iMg in
the brain and seizures in childhood. Although the differences
are statistically significant, the fact that variables (e.g.
circadian changes, sex, pharmaceutical influences, and dietary
influences) were not controlled, make these findings prelimi-
nary. More patients in each range need to be studied.
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Abstract

In general, epileptic seizures become more serious following infections. However, transient and permanent improvement of
epileptic seizures has been observed following acute viral infections, without a recent change in anti-epileptic therapy. Questionnaires
were sent to 73 institutions, throughout Japan, where pediatric neurologists care for children with epilepsy to characterize this
phenomenon through clinician survey. Completed surveys were received from 11 institutions, and 21 cases were selected for the
study. The age of the patients were 6 months to 17 years. The West syndrome or epilepsy subsequent to West syndrome cases were
16 out of 21. Two cases of symptomatic generalized epilepsy and one casc each of symptomatic partial epilepsy, continuous spike-
waves of slow sleep and severe myoclonic epilepsy in infancy were also reported. These seizures disappeared within 2 weeks
subsequent to viral infections such as, exanthema subitum, rotavirus. colitis, measles and mumps. The disappearance of intractable
epileptic seizures following acute viral infections might be related to the inflammatory processes or the increased levels of antibodies

after viral infections.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Spontaneous improvement; Acute viral infection; Intractable epilepsy

1. Introduction .

Epileptic seizures generally become more serious
following infections. However, it is well known that in
rare instances, epileptic seizures, mostly seizures in West
syndrome disappear or decrease in severity after acute viral
infections without changes to anti-epileptic medications.
This evidence has prompted us to analyze clinical data of
this phenomenon through a multi-center survey throughout
Japan. The goal of our study was to better characterize this
phenomenon through clinician survey.

* Comesponding author. Tel: +81-44-977-8111x3321; fax: +81-44-
976-8903.
E-mail address: h3yama@marianna-u.ac.jp (H. Yamamoto).

0387-7604/$ - see front matter @ 2003 Elsevier B.V. All rights reserved,
doi:10.1016/;.braindev.2003.09.012
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2. Subjects and methods

Questionnaires were sent to Pediatric neurologists in 73
university hospitals, children’s hospitals, and epilepsy
centers in Japan. The questionnaires reported: the type of
epilepsy or epileptic syndrome according to “the inter-
national classification of the ILEA, 1989; the infectious
disease that the patient experienced; the start of seizure
remission in relation to the start of the illness; the duration
of remission; any changes in the EEG during the
disappearance of seizures; any changes in the serum
concentrations of anti-epileptic drugs during the disappear-
ance of seizures; any additional medications given for the
illness; recurrence of seizures; and the suspected reasons for
the disappearance of seizures.
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. 3. Results

Completed surveys were received from 11 institutions,
and 21 cases were selected for this study based on the
criteria. The criterta fulfilled the conditions in which
patient’s frequent seizures had disappeared for at least 1
month after viral infections without changes to anti-
epileptic therapy. The age of patients ranged from 6
months to 17 years. The West syndrome or epilepsy
subsequent to West syndrome was diagnosed for 16 out of
21 cases. Two cases were symptomatic generalized
epilepsy. Symptomatic partial epilepsy, continuous spike-
waves of slow sleep (CSWS), and severe myoclonic
epilepsy in infancy (SMEI) were reported concurrently in
another case, Thirteen patients with either West syndrome
or epilepsy subsequent to West syndrome were sympto-
matic, and three patients were cryptogenic in etiology. The
patient’s international classification of epilepsy or epileptic
syndromes are presented in Table 1. The preceding
infections were four cases of exanthema subitum, four
cases of rotavirus gastroenteritis, threc cases of measles,
three cases of upper respiratory infections, one case of
mumps and cytomegalovirus infection, and five cases of
probable common cold. The type of infectious disease
encountered was listed in Table 2. Seizures disappeared an
average of 4.5 days, (with a range of 1-14 days) after the
onset of infection. In four patients with West syndrome and
in one patient with CSWS, the seizures did not recur. The
mean duration of follow-up was 34 months with a range
from 3 months to 4 years. In 13 patients, the seizures
recurred. In these patients, the duration of remission had a
median of 7 months and a range from 1 to 30 months.
During the remission, the EEG was improved in two-thirds
of patients including those with CSWS syndrome. No
significant changes were seen in the serum concentrations
of anti-epileptic drugs during the remission. Possible
reasons for the resolution of seizures in these patients
are: (1) an immunologic or inflammatory processes; (2}
increased serum concentration levels of anti-convulsant
due to dehydration with the illness; (3} increased levels of
antibodies after viral infections (similar to immunoglobulin
therapy in intractable epilepsies; (4) suppression of
immunopathological processes by anti-inflammatory cyto-
kines, such as interleukin-10 and transforming growth
factor-B.

Table 1
The classification of epilepsy or epileptic syndromes encountered (n}

West syndrome and subsequent epilepsy post West syndrome (16}
Cryptogenic type (3), symptomatic type (13)

Lennox-Gastaut syndrome (2}

Symptomatic localization-related epilepsy (1)

Severe myoclonic epilepsy in infancy (1)

Continuous spike-waves of slow sleep (1)

Table 2
The types of infectious diseases encountered ()

Probable common celd (5)
Rotavirus gastroenteritis (4)
Exanthema subitum (4)

Upper respiratory infection (3)
Measels (3)

Mumps (1)

Cytomegalovirus infection (1)

4, Discussion

Patients with intractable epilepsy in infancy, particu-
larly West syndrome, rarely show spontancous remis-
sion of seizures. This aspect of the natural history of
these epilepsies has been insufficiently recognized.
Hrachovy reported that spontaneous remission of West
syndrome may occur as early as 1 month after spasm
onset and the remission rate increased to 25% 12
months after onset without effective therapy, such as
adrenocorticotropic hormone (ACTH) or valproate, but
author did not describe any events triggering spon-
taneous remission [1]. The disappearance of seizures
most often occurs following a viral infection. West first
described in his syndrome a patient with such a
remission after a brief febrile illness [2]. Some patients
with intractable epilepsy respond to the therapy with
immunoregulatory or anti-inflammatory agents such as
high-dose immunoglobulin, ACTH or corticosteroids [3,
4). The participants of the present survey proposed the
following mechanisms for the disappearance of intract-
able epileptic seizures following acute viral infections:
increased serum concentrations of anti-epileptic drugs
with secondary to dehydration, increased levels of
antibodies after viral infections (similar to immunogio-
bulin therapy), and the suppression of immunopatholo-
gical processes by anti-inflammatory cytokines, such as
interleukin-10 or transforming growth factor-B.
Increased vascular permeability of blood-brain barrier
under the condition in the intractable epilepsies, such as
West syndrome or Lennox-Gastaut syndrome was
proposed by Ariizumi et al. [5]. The increased vascular
permeability allows immunoglobulins to easily cross the
blood-brain barrier following acute viral infections
(also similar to immunoglobulin therapy). However,
these speculations are not based on the experimental or
laboratory data. In this study, we could not find a
reasonable explanation as to the relationship between
the spontaneous improvement of intractable epilepsies
and acute viral infections. In 2002, Hattori identified the
spontaneous remission of spasms following acute viral
infections in 25 patients with West syndrome on the
base of data analysis of Japanese medical literature
between 1970 and 2000 [6]. In this study, exanthema
subitum was most predominant infectious disease that
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leads to resolution of the seizures. He also stated that
these spontaneous remissions following acute viral
infections have not been duly appreciated in the English
medical literature. Better understanding of such mech-
anisms may lead to a new therapeutic approach to
intractable epilepsies in infancy.
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Abstract

The previous study showed that both valproic acid (VPA) and a bedridden state decreased the serum uric acid level, and VPA-induced
renal tubular dysfunction was suspected to be one cause of hypouricemia in severely disabled children. However, it was uncertain what factor
of bedridden state influences the uric acid level in severely disabled children. Among many factors of a bedridden state that might influence
the uric acid level, we examined the influence of elemental nutrition on the serumn vric acid level in severely disabled children because many
severely disabled children with marked hypouricernia receive elemental nutrition. Thirty-one severely disabled children were included in this
study, who were divided into two groups—group A: 11 patients with elemental nutrition; group B: 20 patients with non-elemental nutrition.
The laboratory data in both groups were analyzed statistically, using the r-test. The uric acid level was significantly decreased in group A
compared with group B (p < 0.01) without elevation of urinary excretion of uric acid. Other laboratory data, except phosphate and
potassium, did not differ between the two groups significantly. An elementat diet may be one factor that decreases the uric acid level in

severely disabled children,
© 2003 Elsevier B.V. All rights reserved.

Keywords: Hypouricemia; Severely disabled children; Elemental diet; Enteral nutrition

1. Introduction

Severely disabled children receiving enteral nutrition for
a long time suffer from various complications because of
the severity of the underlying disorder needing the enteral
nutrition and the enteral nutrition itself [1,2]. In a previous
paper {3], we reported that the uric acid level was signi-
ficantly decreased in non-ambulatory, severely disabled
children treated with valproic acid (VPA). Both VPA and
the non-ambulatory state decreased the uric acid level,
statistically. VPA may cause renal tubular dysfunction,
however, it remains unknown what factor in severely
disabled children caused the hypouricemia in the previous
study.

Regarding the etiology of hypouricemia in severely
disabled children, apart from the effect of VPA, many
factors of a bedridden state, such as nutrition (components
of an enteral diet, calories, and elemental diet), hypoactiv-
ity, malabsorption, and other complications are suspected to

* Corresponding author. Tel.: + 81-25-241-5151; fax: +81-25-248-3507.
E-mail address: hideto@hosp.niigata.niigata.jp (H. Yoshikawa).

0387-7604/03/$ - see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/50387-7604(03)00094-9

influence the uric acid level. In this study, we examined the
influence of elemental nutrition on the serum uric acid level
in severely disabled children because many severely
disabled children with marked hypouricemia receive
elemental nutrition [4].

2. Patients and methods
2.1. Patients

Thirty-one severely disabled children were included in
this study, and were followed in the outpatient clinic for
pediatric neurology of Niigata City General Hospital from
January 2001 to May 2002. To eliminate the possibility of a
confounding effect of VPA, all the patients included in this
study were given VPA for at least 6 months.

Twenty-four of these 31 patients were in group A
(non-ambulatory patients taking VPA) in the previous
study {3] and another seven patients being added in this
study. Eighteen were boys and 13 were girls. They were
1-19 years of age. Twenty-two of these children had

- 977~



44 H. Yoshikawa et al. / Brain & Development 26 (2004) 4346

cerebral palsy and mental retardation as sequelae of
perinatal brain insults, two sequelae of acule encephalitis,
two sequelae of anoxic encephalopathy, one Sotos syn-
drome, one Comnelia de Lange syndrome, one 22q.11.2
deletion syndrome, one linear nevus sebaceus syndrome,
and one Rett syndrome. There were no signs of inborn errors
of metabolism, syndrome of inappropriate secretion of
anti-diuretic hormone, or malnutrition in our patients.

The patients were divided into two groups according
to whether they received elemental enteral nutrition.
Group A: 11 patients receiving elemental enteral nutrition;
group B: 20 patients receiving non-elemental nutrition. In
group A, nine patients had Elental® containing 4.7 g
protein/100 kcal, and two had Elental P® containing 3.1 g
protein/100 kcal for at least 1 year. In group B, 10 patients
ate usual diet and nine had Ensure liquid® containing 3.52 g
protein/100 kcal, and one Racol® containing 4.38 g
protein/100 kcal. All patients had various types of epilepsy
and were treated with VPA. VPA was administered either
alone (seven patients) or in combination with other anti-
epileptic drugs (24 patients): 12 clonazepam, two diazepam,
two nitrazepam, three clobazam, three zonisamide, two
clorazepate, three phenytoin, and three carbamazepine.
The average dosages of VPA in groups A and B were
27.8 = 6.4 mg/kg/day and 23.9 + 13.0 mg/kg/day, respect-
ively, which were not significantly different.

2.2. Method

Laboratory data including serum sodium, potassium,
phosphate, uric acid, creatinine, total protein, hemoglobin,
and urine pH, sodium, phosphate, uric acid, creatinine, and
f2-microglobulin obtained routinely in outpatient clinic
were used. To assess the renal tubular function in all groups,
we measured the fractional excretion of uric acid (FEUA),
fractional excretion of sodium (FENa), percent tubular
reabsorption of phosphate (%TRP), and urinary excretion
of B2-microbulin. FENa and FEUA were calculated using
the formula: FE, = (U, X Po/P; X Ug) X 100. The tubular
reabsorption rate for phosphate was calculated with the
formula: TRP = 1 — FE phosphate.

2.3. Data analysis

“For comparison of the laboratory data between the
patients in groups A and B, statistical analysis was per-
formed using Student’s ¢-test. The p < 0.05 was considered
significant. Calculations were performed using the statisti-
cal software package StatView 5.0 (SAS Institute Inc., Cary,
NC). All results are presented as means * standard
deviation.

3. Results

(Table 1) Patients in the two groups were similar in

- 978 —

average age and sex. The uric acid level was significantly
decreased in group A compared with group B (p < 0.01)
(Fig. 1. The inorganic phosphate and potassium levels were
significantly decreased in group A compared with group B
(p < 0.05). A significant difference in FEUA was not
recognized between groups A and B. No statistically signi-
ficant differences were found between the two groups with
respect to other parameters, such as serum sodium and
creatinine, urinary pH, urinary p2-microglobulin, %TRP,
and FENa. Nutritional factors, such as total protein, hemo-
globin, and calories, were not significantly different
between the two groups. Other adverse effects of VPA,
such as liver dysfunction, hematologic abnormalities, and
weight gain were not recognized in any patients,

4. Discussion

The results suggested that hypouricemia was more
common in severely disabled patients receiving elemental
nutrition compared with ones receiving a non-elemental
diet. However, it is still unknown whether a component of
the elemental diet itself or a secondary change of the
gastrointestinal tract influences the uric acid level, or
whether the pathological condition needing the elemental
nutrition has something to do with hypouricemia. Although
the phosphate and potassium levels were also decreased in
group A, the reason is unclear. This might be a reflection of
subclinical renal tubular dysfunction caused by VPA [3].

An elemental diet contains no purine. A long-term effect
of purine-free nutrition on protein and uric acid homeostasis
is not well recognized. It is known that hypouricemia is
commonly recognized in patients receiving total parenteral
nutrition in purine-free regimens [5-7]. However, purine
deprivation evidently leads to an increase in de novo
synthesis and the uric acid level is maintained within the
normal range [8]. Several authors {5-7] have reported that a
decreased plasma uric acid level is due to enhanced FEUA

P<0.01
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Fig. 1. Box and whisper plots of the serum uric acid levels in groups A and
B. Upper line indicates 90 percentile and lower line indicates 10 percentile.
UA, uric acid.
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Table 1
Laboratory data in groups A and B

Elemental (# = 11) Non-glemental {n = 20} Normal range p

Apge (years) 6.89 = 6.17 490 * 3.40
Sex (M/F) 6/5 12/8
UA (mg/dl) 1.53 £ 0.81 331 = 1L37 2.5-58 <0.01
IP (mg/dl) 294 £ {41 449 = 1.18 24-45 <0.05
K (mEqg) 157 £ 096 4.16 = 0.43 35-48 <0.05
Na (mEq/) 139.5 x 2.58 140.3 = 2.94 140-146 ns.
Cre (mg/dl) 0.35 £ 0.12 032 £ 0.10 0.4-08 ns.
FEUA (%) 32.70 £ 28.65 17.41 = 24.00 4-14 n.s.
% TRP (%) 8773 £ 1329 86.27 * 20.96 60-90 n.s.
FENa 0.915 £ 1.202 0.644 £ 0.555 <10 n.s.
Urine pH 7.364 £ 0.67 7.39 = 0.65 55-70 n.s.
B2 MG (mgf) 22.23 £ 2931 11.03 % 29.20 <027 ns.
TP (g/dl) 6.67 = 0.60 654 £ 0.70 6.6-8.0 n.s.
Hb (g/dl) 12.52 = 1,70 1244 £ 115 109-14.3 ns.
Cal (kcal/’kg/day) 5272 * 1219 59.58 = 16.74 - ns.
Protein intake (g/kg/day) 232 042

Each value is expressed as mean = SD, M, male; F, female; UA, vnic acid; [P, inorganic phosphate; Cre, creatinine; FEUA, fractional excretion of uric
acid; FENa, fractional excretion of sodium; %TRP, percent tbular reabsorption of phosphate; §2-MG, [2-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-
intestinal 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 ltack 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 activity 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 severcly 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 disease 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

Coneclusion: 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
etiology. 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 reported 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
occur in association with meningitis or encephalitis. Febrile
seizures in Kawasaki disease 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 sodium
concentration was 117 mEg/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/pL., with protein at 45 mg/dL. His serum sodium
concentration was 122 mEq/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,! 8/4982 1/402.* 0/152* and (/5407 retro-
spectively. Nanbo et 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?
Yokoyama et al. reported 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 57 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 disease 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 10 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 eral®  1/402 (0.24%) One MCLS/FC197
Nanbo et al.* 0/152 (0%) Six FC after MCLS

Terasawa et al’ (/540 (0%)
Present study 0177 (0%)

Six CNS involvements
Two 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 eticlogy 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
matiers,
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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 diagnoses 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 encephalitis/encephalopathy patients with a reversible
isolated SCC lesion were identified among 22 patients referred for this study. All 15 patients had relatively mild clinical

courges. 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 initial 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;63:1854 -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/encephalopathy caused by
various agents such as influenza virus,® rotavirus,’
and 0-157 Escherichia coli.® These patients had no
history of seizures or administration of antiepileptic
drugs. These previously reported cases of encephali-
tis/fencephalopathy 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
whether their MRI findings are identical to those re-
ported in the literature secondary to epilepsy.'

Patients and methods, Possible encephalitis’fencephalopathy
patients with a reversible isolated lesion invelving 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
Saciety of Pediatric Neurology and Japanese Society of Neuroradi-
ology. We reviewed MR scans and charts of these patients, includ-
ing information about symptoms, elinical 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 pleocytosis 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
purposas of this study, as a lesion involving the central portion of
the SCC without any accompanying lesions on the initial MRI,
which disappeared on the follow-up study.

Results. We identified 15 encephalitis/fencephalopathy
patients with a reversible isolated SCC lesion among the
92 patients whose clinical records and MRI examinations
were 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-
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Table I Clinical data for encephalitislencephalopathy with reversible central splenial lesion

CNS
Patient  Age/ Initial manifestation
ne. sex I'athogen  symptom Premedication {onact day) CNS diagnosis Therapy I'rognosis CST EEG
1 9/F Unknown  Diarrhea, None Seizure, motor Encephalitis PB, Dex CR(d21) CC,34 Slow BA
vomiting deterioration
3)
2 uM  Uuknowu  Fever Noue Beizure, Euceplialopathy Diuzeputn CHRW6) Normal Slow BA
drowsinass (1)
3 4/F Unknown  Fever, None Seizure, blindness Encephalopathy Diazepam CRWd5 NE Slow BA
diarrhca 3)
4 5M -Influenza A Fever None Seiz}lre, delirium  Encephalopathy CR{ 3 Normal Slow BA
[
5 M  Adenovirus Faver Amantadine Ataxia, Encephalopathy VIGG CR (1 mao) Normal Slow BA
drowsiness (3}

6 ™M Mumpa Faver, Nona Dalivium (3) Maningoencaphalitia TVIGG CR(K)  Pleocyloain Slow RA

parotitis

7 59/F TVnknown  Fever None Vortigo (1), Encephalitis ACV, antibiotics CR{(d 8) CC, 500 Slow EA

lethargy (2)

8 18/F Cukneown  Fever Noune Se(i;;u‘e, deliriwn  Encephalilis PR, PHL CHR(1mo) CC,17 SludeA
an
spikes

a9 19M Unpknown  Pever, None Delirium (7), Encephalitis ACV, DIIT,I'SL CR{d 17) Normal Slow DA

cough seizure (8)
10 8M Mumps Fever, None Headache (1), Meninguencephalitis CR@10) CC, 119 Norizal
vomiting seizure,
delirium (4}
11 4F  Unknown  Fever None Heizure, delidun  Enceplialopathy Aulibiolics, CR(d5 Nounoal NE
2) diazapam
12 25F VIV Fever, None Headache, Encephalopathy ACV CR(d10) NE NE
vegicula drowsiness,
nausea (3)
13 F Uuknown  Fever Note Neck sliffuess (3), Meuinguencephalilis ACY, CR @ 21) CC, 447 Hlow BA
vertign, tremor antibiotics,
[6)]
11 22/M Unknown  Fever Nona ILallucination, Encephalopathy . CR(d 11) Normal Slow BA
delirium (6) antibiotics,
PSL
13 10M Unkmown  Faver Nona Drowsiness (3) Encephalopathy, Antibiotics, CR (d 14) WNormal Slow BA
rhabdomyuolysis GG

I'B — phenobarbital; Dex — dexamcthasone; CR —~ completa recovery; CC ~ cell eount {/mm®*); BA = basic activity; NE = not examined; IVIGG = [V
immunoglobulin G; ACV = acyclevir; 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 sumxa-
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 cansative agents were identified by rapid
antigen-detection assay, PCR, positive IgM, or longitudi-
pally increased IgG in 5 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 1to 7 of the illness. Eight
of the 15 patients had seizures. Other neurclogic symp-
toms included disorders of conseiousness (12 patients), ver-
tigo (2 patients), motor deterioration, blindness, ataxia,
tremor, and hallucinations. No patient needed mechanical
ventilation. Three patients had received antiepileptic
drugs (phencbarbital for two patients and phenytoin for
another) at the time of MR studies. Analysis of CSF re-
vealed pleocytosis in 6 of 13 examined patients but normal
glucose and protein levels. EEG showed slow basic activity
characteristic of encephalitis/fencephalopathy in 12 of 13
exarnined 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-
farmed within 4 days of the onset of neurologic 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 sCcC
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 recavery), or laboratory findings. The SCC 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-
Seient [ADC] values) was seen in all seven patients exam-
ined by diffusion-weighted imaging. There was mno
enhancement of the SCC lesion after gadolinium adminis-
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