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Abstract

Background: Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD) is the most prevalent encephalopa-
thy in Japanese children. AESD is characterized by a prolonged febrile seizure on day 1 followed by secondary seizures and MRI
abnormality on days 4–6, resulting in high incidence of neurological sequelae. We aimed to clarify whether early administration of
vitamins (vitamin B1, vitamin B6, and L-carnitine) would improve the clinical course of AESD.

Methods: We retrospectively reviewed 34 patients with acute encephalopathy who were admitted to our hospital between Jan-
uary 2009 and August 2016. Of the retrospectively registered 34 patients, 22 (65%) since 2011 were treated with the drug cocktail
(prescription group) within 24 h of onset, whereas 12 (35%) before 2011 were not (non-prescription group). We compared clinical
course, laboratory data, and MRI findings historically in both groups.

Results: The two groups did not differ in terms of laboratory findings except for blood lactate values. There were no differences
between the two groups regarding duration of ICU admission, intubation, or the duration of seizures. Among the prescription
group, two patients developed AESD while 20 had mild encephalopathy (single phasic). In contrast, seven patients in the non-
prescription group developed AESD while five did not. The incidence of AESD was lower in the prescription group (P = 0.004).
As for outcomes, the rate of developmental delay and epilepsy was significantly lower in the prescription group.

Conclusions: Our data suggested that early administration of vitamins would improve the clinical course of acute encephalopa-
thy. Mitochondrial rescue and neuroprotection are thought to be responsible for the favorable results.
� 2019 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Acute encephalopathy is a breakdown of brain func-
tion usually following an infection in the absence of a
direct inflammatory process in brain parenchyma,
resulting in prolonged consciousness disturbance and/
or seizures [1]. Acute encephalopathy has been reported
worldwide, but occurs mainly in East Asia [1,2]. It has
been reported that there were approximately one thou-
sand cases of childhood viral encephalopathy in Japan
during the three years 2007–2010 [2].

Although some genetic role is speculated, the precise
pathological mechanism still remains unknown.
Although acute encephalopathy is basically a heteroge-
neous syndrome involving variations in pathogens,
clinical course, and brain image abnormalities, recent
advances in brain imaging technology have enabled
syndromic subdivision of encephalopathy. Some
subdivisions have been established as a specific
clinico-radiological encephalopathic syndrome, such as
acute necrotizing encephalopathy, acute encephalopathy
with biphasic seizures and late reduced diffusion
(AESD), and mild encephalopathy with a reversible
splenial lesion [2]. Although nearly half of patients with
acute encephalopathy still remain unclassified, these
three syndromic subdivisions have clinical significance
for acute phase treatment. Of these three syndromes,
AESD is the most frequent syndrome and the prognosis
of AESD is characterized by low fatality and a high inci-
dence of neurological sequelae [2].

AESD is diagnosed with the following criteria: onset
with seizures within about 24 h from the onset of fever
(first attack), subsequent and transient improvement in
consciousness and later occurrence of secondary seizures
(second attack) on days 3–9 associated with MRI abnor-
mality [3]. This MRI abnormality (reduction of diffusion
coefficient in frontal or frontoparietal white matter) is
one of the hallmarks of AESD diagnosis and is known
as ‘‘bright tree appearance” (BTA) (Fig. 1). BTA is
not observed in the early stage from onset, but it appears
(a) (b)

Fig. 1. Typical bright tree appearance with frontal predominance is
shown in a patient with AESD. Shown here are (a) diffusion weighted
imaging (DWI) and (b) apparent diffusion coefficient (ADC). Abnor-
mal hyperintensity in DWI associated with a decreased ADC suggested
cytotoxic edema.
after 3–9 days. There is no earlier biomarker for the
diagnosis. It is a major problem that early diagnosis of
AESD at the stage of first attack is difficult.

The current treatment for AESD is mainly empirical
supportive therapy with poor supportive evidence; it
includes immunosuppression, anti-oxidative therapy,
and hypothermia therapy, as well as systemic manage-
ment and seizure control [1]. There was no solid evi-
dence for the efficacy of treatments for AESD [1]. A
preliminary study of the beneficial effect of early vitamin
B6 (administration within 3–36 h after early seizure) for
AESD was reported in 2009 [4]. In this report, Ishii et al.
[4] found that the cases with administration of vitamin
B6 showed a better clinical course (reduced rate of late
seizures) than cases without administration. Being
inspired by the report, we have started to try early vita-
min B1, vitamin B6, and L-carnitine from 2011 aimed at
mitochondrial rescue and excitotoxicity relief for
patients with acute encephalopathy.

The present study aims to examine the role that early
administration of vitamin B1, vitamin B6, and L-
carnitine plays in preventing a second attack in the
biphasic course of AESD.

2. Methods

We defined acute encephalopathy based on criteria
that were reported [1] as follows: acute onset of severe
and sustained impairment of consciousness mostly fol-
lowing an infection. Characteristic clinical features
include altered mental status that continued over 24 h
(Japan coma scale, over 20; Glasgow coma scale, under
10 or 11), and seizures or focal neurologic signs. In addi-
tion to these core features of acute encephalopathy,
AESD was diagnosed with the criteria described above
in the Introduction.

First, we retrospectively reviewed the clinical course
of patients with acute encephalopathy between January
2009 and August 2016. Historically, early administra-
tion of vitamin B1, vitamin B6, and L-carnitine for all
patients with acute encephalopathy started in 2011.
The exclusion criteria included cases with underlying
diseases, central nervous system inflammation, brain
images nonspecific for AESD, and an interval longer
than 24 h between the onset of disease and hospital
admission. The exclusion criteria were adopted to exam-
ine the early effects of vitamin B1, vitamin B6, and L-
carnitine in homogeneous groups without neurological
abnormalities before onset.

There were 118 patients with acute encephalopathy as
an initial diagnosis who were admitted or transferred
from regional hospitals (Fig. 2). Of the 118 patients,
62 cases with abnormal MRI findings other than BTA
typical for AESD on brain MRI were excluded, for
example, AERRPS (acute encephalitis with refractory,
repetitive partial seizures), MELAS (mitochondrial
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Fig. 2. Diagnostic classification of 118 cases with acute encephalopathy. Of the 118 patients, 62 cases (white bars) had abnormal MRI findings other
than bright tree appearance (BTA) typical for AESD. The category ‘‘Others with non-specific image abnormality (white bar labeled ‘18 patients’)”
indicates those patients not belonging to a specific encephalopathy syndrome. Abbreviations: AERRPS, acute encephalitis with refractory repetitive
partial seizures; MELAS, mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes; ADEM, acute disseminated encephalomyelitis;
ANE, acute necrotizing encephalopathy; MERS, mild encephalopathy with a reversible splenial lesion; HSES, hemorrhagic shock and
encephalopathy syndrome; AESD, acute encephalopathy with biphasic seizures and late reduced diffusion.
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Fig. 3. Thirty-four enrolled patients and exclusion criteria. The prescription group was administered vitamins B1 and B6 and L-carnitine within 24 h
of onset and the non-prescription group was not.
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encephalopathy, lactic acidosis, and stroke-like epi-
sodes), and ADEM (acute disseminated
encephalomyelitis) (Fig. 3). Of the remaining 56
patients, we further excluded 22 cases with underlying
diseases and/or an interval longer than 24 h between
the onset of disease and hospital admission (Fig. 3).
As a result, 34 patients were enrolled in the present ret-
rospective study.

Of 34 patients with acute encephalopathy, 22 (65%)
were treated with vitamin B1, vitamin B6, and L-
carnitine (prescription group) within 24 h of onset,
whereas 12 (35%) were not (non-prescription group)
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(Fig. 3). Because vitamin treatment started in 2011, we
could compare both groups historically. We adminis-
tered vitamin B1 (100 mg/day), vitamin B6 (20 mg/kg/-
day), and L-carnitine (30 mg/kg/day) within 24 h from
the onset for a duration of 10 days.

Age, sex, pathogens, laboratory data, clinical forms,
treatments, and sequelae (developmental delay and epi-
lepsy) were retrospectively reviewed using medical
records. Regarding developmental delay, 32 patients
were classified into two groups, namely, the develop-
mental delay group having obvious decline in motor
function or intelligence and the non-developmental
delay group without neurological deficit at the final
follow-up. The incidence of epilepsy was also compared
in the two groups. We were not able to follow up two
(one in each group) out of 34 patients regarding devel-
opmental delay and epilepsy in a long-term course.

The study protocol was approved by the institutional
ethics committee of the National Center for Child
Health and Development on March 9, 2017 (examina-
tion number 1414).

2.1. Statistical methods

For statistical analysis, we used the Fisher’s exact test
to compare the results of the duration of ICU admis-
sion, intubation, the number of seizures, and prevention
of AESD between the prescription group and non-
prescription group. The Mann-Whitney U test was
applied to the proportions of categorical variables (such
as age), and laboratory data between the groups. Signif-
icant differences were defined as P < 0.05 in the condi-
tional analysis. All statistical analysis was conducted
using Microsoft Excel� (version 2016).

3. Results

In the prescription group (n = 22), patient age ranged
from 0 to 35 months (median 8 months), and in the non-
prescription group (n = 12), patient age ranged from 11
to 27 months (median 20.5 months). Sex ratio between
the two groups was not significant.

A shown in Fig. 4, the trigger pathogens in both
groups were diverse and no specific trend was observed.
These were comparable with the results of a nation-wide
epidemiological survey of acute encephalopathy in
Japan [2].

The two groups did not differ significantly in terms of
the laboratory findings (aspartate amino transferase,
alanine amino transferase, creatine kinase, blood urea
nitrogen, creatinine), except for the blood lactate values,
as shown in Table 1. There were no significant differ-
ences between the two groups regarding ICU admission,
intubation, or the duration of seizures (Table 2). Both
groups equally received edaravone and glucocorticoid
pulse therapy in the same regimen, which is regarded
as empirically effective for acute encephalopathy [1,5,6].

Concerning the outcome, among the prescription
group two patients developed AESD while 20 had mild
encephalopathy (single phasic). In contrast, seven
patients in the non-prescription group developed AESD
while five did not. Thus, the rate of AESD was signifi-
cantly lower in the prescription group (P = 0.004)
(Fig. 5). As for outcomes, in the prescription group only
one of 21 patients had developmental delay, whereas in
the non-prescription group four out of 11 patients had
developmental delay. The rate of developmental delay
was significantly lower in the prescription group
(P = 0.037) (Table 2). In the prescription group, one
of 21 patients developed epilepsy, whereas in the non-
prescription group, five of 11 patients developed epi-
lepsy. The rate of epilepsy was significantly lower in
the prescription group (P = 0.011) (Table 2). The range
of follow-up periods and the most recent follow-up age
are shown in Table 2.

4. Discussion

The most important finding of the present study is
that early administration of vitamins B1 and B6 and L-
carnitine could prevent a second attack of AESD, lead-
ing to milder clinical manifestations and better
outcomes.

Although the pathological mechanism of acute
encephalopathy is not clearly known, three basic mech-
anisms were suggested [1], that is, (1) metabolic
derangement associated with mitochondrial energy fail-
ure, (2) a systemic cytokine storm and vasogenic brain
edema, and (3) excitotoxicity and delayed (apoptotic)
neuronal death [7]. The three pathological conditions
are interrelated, and the relative contributions of each
mechanism differ in each syndrome. High levels of glu-
tamate accumulating in the intercellular space may
cause neuronal cell damage, e.g., during prolonged sei-
zures, ischemia, trauma, or neurodegeneration by an
unknown mechanism [8,9]. This condition is referred
to as excitotoxicity. Excitotoxic neuronal damage is
predicted to play an important role in the pathogenesis
of AESD because proton MR spectroscopy showed
that the glutamine/glutamate complex was elevated
during the acute phase of AESD [7]. A growing imbal-
ance of excessive glutamate-driven excitation and
reduced gamma-aminobutyric acid (GABA)-mediated
inhibition might cause glial swelling and the resulting
brain edema observed in AESD [7]. Vitamin B6 acts
as a coenzyme of glutamate decarboxylase and acti-
vates the transformation of glutamate into GABA,
leading to reduced excitotoxity. Vitamin B6 as used
in our study probably had a neuroprotective effect
against excitotoxity.



Fig. 4. Pathogens associated with acute encephalopathy in the prescription and non-prescription groups.

Table 1
Comparison of laboratory data between the prescription and non-prescription groups.

Prescription (n = 22) Non-Prescription (n = 12)

Parameter Median Range Median Range P

Aspartate amino transferase (U/L) 45.5 (25–4887) 53.5 (24–261) 0.678
Alanine amino transferase (U/L) 20.5 (9–3915) 23 (10–94) 0.471
Creatine kinase (U/L) 149.5 (50–4917) 194 (60–5610) 0.665
Blood urea nitrogen (mg/dL) 11.7 (4.0–31.8) 11.1 (6.4–19.2) 0.885
Creatinine (mg/dL) 0.3 (0.19–0.89) 0.3 (0.18–0.58) 0.540
Lactate (mmol/L) 2.5 (0.7–16.0) 1.3 (0.8–4.0) 0.020*

* Indicates statistical significance.

Table 2
Comparison of treatments and outcomes between the prescription and non-prescription groups.

Prescription (n = 22) Non-prescription (n = 12) P

Age at onset, median months (range) 8 (0–35) 21 (11–27) 0.009*

Male, n (%) 15/22 (68) 8/12 (67) 0.928
Observation period, median days (range) 549 (4–1987) 1217 (38–3114) 0.023*

Final observed age, median years (range) 4.5 (2–11) 7.0 (2–11) 0.106
ICU admission, n (%) 21/22 (95) 11/12 (92) 0.588
Intubation, n (%) 16/22 (73) 10/12 (83) 0.402
Seizure >30 min, n (%) 20/22 (91) 9/12 (75) 0.225
Developmental delay, n (%) 1/21 (5) 4/11 (36) 0.037*

Epilepsy, n (%) 1/21 (5) 5/11 (45) 0.011*

* Indicates statistical significance.
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Vitamin B1 is an important cofactor that is necessary
to maintain the functional integrity of cells in the brain.
It is involved in processes associated with the metabo-
lism of lipids, glucose, amino acids, and neurotransmit-
ters [10]. The active form of vitamin B1 is required for
the proper functioning of major enzyme systems in mito-
chondria and elsewhere [11]. Vitamin B1 as used in our
study probably had a mitochondrial rescue function.

L-carnitine plays an important regulatory role in the
transport of long-chain free fatty acids in mitochondria
and it also has anti-oxidative activity [12]. L-carnitine as
used in our study might have reduced nerve damage as a



Fig. 5. Comparison of AESD between the prescription and non-
prescription groups. The rate of AESD was significantly lower in the
prescription group.
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mitochondrial rescue agent and through antioxidant
action [13].

Recent studies suggested that secondary mitochon-
drial dysfunction is related to the pathological mecha-
nism of various types of acute encephalopathy with
the thermolabile phenotype of carnitine palmitoyl trans-
ferase II (CPT II) variation, particularly in Japan
[14,15]. This thermolabile variant causes mitochondrial
ATP utilization failure during periods of high fever.
The ATP demand is so high in infants that a thermola-
bile CPT II variant-induced ATP reduction might lead
to susceptibility to encephalopathy in children [14].
CPT II is an enzyme localized on the mitochondrial
inner membrane that removes fatty acids from carnitine.
In this situation, vitamin B1 and L-carnitine can be a
treatment for metabolic disorders related with CPT II.
The real CPT II deficiency and thermolabile CPT II
variants associated with encephalopathy are different
entities, but there is also a common basic mechanism
for both entities. The L-carnitine administration for
CPT II deficiency is also listed in the guidelines of the
Japanese Society for Inherited Metabolic Diseases [16].

The thermolabile CPT II variant F352C is one of the
predisposing factors for acute encephalopathy in Japan,
although acute encephalopathy develops with various
factors involved. We cannot easily clarify the carnitine
level in emergency situations on the day of onset. Con-
sidering the various effects of carnitine and its lack of
side effects, we believe its administration to be
worthwhile.

Of the various trigger pathogens, HHV-6 was the
most common pathogen in AESD, followed by influenza
virus [2]. Because there was no significant difference
between both groups in our study as to herpes viruses
including HHV-6, HHV-7, and VZV (the prescription
group: 6/22; the non-prescription group: 2/12;
P = 0.69), we believe this does not significantly affect
the therapeutic effect or outcome. Regarding other
pathogens, because the number of patients was so
small, we could not draw any definite and reliable
conclusions.
The blood lactate value at admission was higher in
the prescription group than in the non-prescription
group. The precise etiology of the difference in blood
lactate in both groups could not be clarified from our
own data. Although blood lactate concentrations are
affected by several factors, we presumed that the lactate
elevation in our patients, especially in the prescription
group, might be ascribed to prolonged seizure with high
fever at onset (the possibility of secondary mitochon-
drial dysfunction). Seizures, regardless of their origin,
represent excessive rapid energy demand in the brain,
leading to secondary mitochondrial dysfunction.
Because the mean age of the prescription group
(8 months) was younger than that of the non-
prescription group (21 months), we can speculate that
the seizure burden severely affected the younger group
(prescription group), resulting in lactate elevation,
although seizure duration in both groups did not differ.
An important noteworthy point here is that this younger
group received vitamin B1, vitamin B6, and L-carnitine
therapy and that this therapy might have prevented
the second seizure episode. We believe that seizure sus-
ceptibility was lowered in the prescription group, and
that the outcome was improved. On the other hand, in
the non-prescription group, although the seizure burden
was not large (that is, not severe as reflected in blood
lactate level), the susceptibility to seizure remained high
and the second seizure occurred.

Omata et al. [17] reported that early treatment within
24 h with vitamin B1, vitamin C, biotin, vitamin E,
coenzyme Q10, and L-carnitine (a mitochondrial drug
cocktail) was effective as a mitochondrial rescue and
antioxidant therapy. They reported that there was no
significant difference in AESD incidence between the
treated and untreated groups. However, they found that
the outcomes were significantly better in the early treat-
ment group. Their treatment protocol did not include
vitamin B6. Vitamin B6 has the function of reducing
excitotoxicity, which is believed to cause the neuronal
damage of AESD. Taken together, it is possible that
the use of vitamin B6 contributed most to the decrease
in the incidence of AESD in our study.

Ishii et al. [6] reported in a preliminary study about
the beneficial effect of early vitamin B6 administration
(within 3–36 h after early seizures) for AESD in 2009.
They found that the cases with administration of vita-
min B6 showed a better clinical course (reduced rate
of late seizures) than cases without administration,
despite the fact that all cases had subcortical white mat-
ter lesions on MRI. Compared to vitamin B6 dose
(20 mg/kg/day) in our protocol, their dose of vitamin
B6 was low (1.0–1.5 mg/kg/day). If a larger dose of vita-
min B6 is administered early, lesions on MRI might be
prevented, as in our cases.

Our study has several limitations. It is a retrospective
analysis and the number of patients was small. It is a
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single-center study specific to our population and possi-
bly not generalizable to other cases. Different ages of
both groups and different observation periods can reflect
selection bias. There is no significant difference for the
other items. Additional research is needed to determine
whether the treatment is suitable in multiple centers and
it is necessary to accumulate a group of patients with
similar ages and observation periods.

5. Conclusions

Our data suggested that early administration of vita-
min B1, vitamin B6, and L-carnitine prevented a second
AESD attack and resulted in a milder clinical course.
The vitamin B1, vitamin B6, and L-carnitine combina-
tion might function in mitochondrial rescue and neuro-
protection, leading to a more favorable outcome.
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