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A B S T R A C T

Background: New literature has accumulated since the publication of the guidelines for the diagnosis and 
treatment of acute encephalopathy in childhood 2016 (GL2016), necessitating the revision of these guidelines.
Methods: In 2020, the working group (WG) of the Japanese Society of Child Neurology began work on publishing 
a revised version of the GL2016. The WG formulated guidelines using the methodologies recommended by the 
Medical Information Network Distribution System (Minds).
Results: GL2023, published in 2023, includes clinical question 1 (CQ1), based on Minds 2020, and general and 
specific sections on acute encephalopathy (an update to GL2016) based on Minds 2007. In CQ1, early target 
temperature management at 36 ◦C within 24 h was weakly recommended for pediatric cases meeting certain 
criteria to reduce the risk of progression to acute encephalopathy with biphasic seizures and late reduced 
diffusion and its sequelae.
Conclusions: GL2023 provides updated recommendations that may improve the diagnosis and management of 
pediatric acute encephalopathy.

1. Introduction

Acute encephalopathy, which presents with acute central nervous 
system dysfunction, is characterized by acute onset of severe and long- 

lasting disturbances in consciousness and seizures, and is most often 
caused by infectious diseases, such as influenza and exanthema subitum. 
Acute encephalopathy consists of multiple syndromes, including acute 
necrotizing encephalopathy (ANE), acute encephalopathy with biphasic 
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seizures and late reduced diffusion (AESD), and clinically mild en
cephalitis/encephalopathy with a reversible splenial lesion (MERS). In 
the “Guidelines for the Diagnosis and Treatment of Acute Encephalop
athy in Childhood 2016” (GL2016) published in 2016 by the Japanese 
Society of Child Neurology (JSCN) [1,2], recommendations and com
ments were made on the general aspects of acute encephalopathy, and 
on individual syndromes with diagnostic criteria and therapies. Owing 
to the scarcity of studies with high levels of evidence, neither quanti
tative nor qualitative systematic reviews were conducted; instead, the 
recommendation grades were determined through discussions by the 
working group (WG). Following the publication of GL2016 and several 
papers on acute encephalopathy, a revised version of the GL was 
released in 2023 [3]. GL2023 identified the treatment of AESD, which is 
the most common encephalopathy in Japanese children (200–300/ 
year), as a Clinical Question (CQ) based on a qualitative systematic re
view. Here, we present the main revisions from GL2016.

2. Methods

In 2020, the WG at the JSCN began work on publishing a revised 
version of the GL2016. Using the methodologies recommended by the 
Medical Information Network Distribution System (Minds) 2020 [4], the 
WG formulated guidelines, discussed the key clinical issues, and iden
tified potential clinical questions (CQs). A systematic review was per
formed by two members of the WG in accordance with Minds 2020. 
English literature was retrieved from the PubMed database and Japa
nese literature from Ichushi-web, provided by the Japan Medical Ab
stracts Society, from May 2014 to January 2021. The general and 
specific descriptions of acute encephalopathy (excluding CQ) were 
revised and updated in accordance with Minds 2007, using the same 
method as in GL2016 [1].

In March 2022, the WG solicited public comments on the website 
from the other JSCN members and also invited the following organiza
tions to review the drafts: the Japanese Pediatric Society, the Japanese 
Society for Pediatric Infectious Diseases, and the Japanese Society of 
Emergency Pediatrics. Based on the opinions and comments from the 
members and organizations, the GL2023 was published in January 2023 
[3], and the guidelines were uploaded on the Minds homepage in July 
2023.

3. Results

3.1. CQ

The WG determined the key clinical issues to be “treatment strategies 
for AESD, the most frequent and neurologically unfavorable type of 
acute encephalopathy.” A systematic review was conducted using tar
geted temperature management (TTM) and high-dose steroid therapy as 
interventions. Although two retrospective cohort studies on TTM were 
identified for cases expected to progress to AESD [5,6], none were found 
on high-dose steroid therapy.

As a result of the qualitative systematic review, the following CQ 
related to TTM and AESD was presented.

Chapter 1 - CQ1.
In TTM-capable facilities, is TTM (target temperature 36 ◦C) useful 

for children suspected of having acute encephalopathy, considering the 
progression to AESD, sequelae, and serious adverse events?

Recommendation:
Early TTM (within 24 h) with a target temperature of 36 ◦C is weakly 

recommended for cases with fever that meet criterion 1) or 2), as well as 
criterion 3), of the following three criteria, as it reduces the risk of 
progression to AESD and its sequelae:

1) Intractable convulsive status epilepticus.
2) Impaired consciousness lasting more than 6 h.
3) No suspicion of multiple organ failure (e.g., aspartate amino

transferase [AST] < 90 U/L within 6 h of onset of neurological 

symptoms).
Recommendation level, weak; certainty of evidence (strength): very 

weak.
Comments:
Making an early diagnosis of AESD, a representative encephalopathy 

associated with excitotoxicity is challenging, because it cannot be 
confirmed until after late seizures (days 4–6) and the bright tree 
appearance (BTA) on MRI after day 3. However, TTM has been shown to 
potentially prevent progression to AESD when implemented early in the 
course of the disease. A systematic review of CQ1 yielded two retro
spective cohort studies [5,6], both of which included cases with fever 
accompanied by (1) intractable convulsive status epilepticus, or (2) 
impaired consciousness lasting more than 6 h, and (3) no suspicion of 
multiple organ failure (e.g., AST < 90 U/L within 6 h of neurological 
symptom onset. The absence of multiple organ failure, as described in 
criterion 3, suggests the possibility of progression to AESD (excitotoxic 
encephalopathy) rather than to cytokine storm encephalopathy, such as 
ANE and hemorrhagic shock and encephalopathy syndrome (HSES) [7]. 
In both studies, high-risk cases expected to develop AESD were subjected 
to TTM within 24 h of symptom onset before a definitive diagnosis. 
However, the duration of TTM varied, namely at least 48 h (5) and 
12–72 h (6). The progression to AESD was observed in 0/26 (0%) cases 
in the TTM group, and in 11/44 (25%) cases in the non-TTM group. No 
sequelae or serious adverse events were observed in any of the TTM 
groups. Because all available evidence derives from retrospective 
observational studies, the possibility of residual confounding cannot be 
excluded. Furthermore, the absence of randomized controlled trials 
limits the certainty of the recommendation. Therefore, although TTM 
under the above conditions was recommended, the recommendation 
strength was considered weak. Furthermore, the optimal duration for 
TTM remains unclear, and no recommendation is provided regarding 
this.

3.2. The general and specific descriptions of acute encephalopathy

Chapters 2–8 show the general and specific descriptions of acute 
encephalopathy.

GL2023 included no revisions to the grade of recommendation 
described in GL2016 [1].

This section lists the main points revised in GL2023. References in 
parentheses indicate the corresponding sections in GL2016 [1]. 

1) Definition of acute encephalopathy (2.1.1. in GL2016 [1]). 
The criterion for impaired consciousness has been changed to a 

Japan Coma Scale score of 20 or higher, or a Glasgow Coma Scale 
(GCS) score of less than 11. In GL2016, the criterion was “GCS 11 or 
lower”.

2) Information on the epidemiology (including prognosis) of acute en
cephalopathy (2.1.2. in GL2016 [1]). 

The information has been updated to reflect the Japanese 
nationwide survey conducted from 2014 to 2017 [8]. In summary, 
the number of acute encephalopathy cases was 400–700 per year, 
and the median age of onset was 2 years. The causative pathogen was 
human herpes virus-6/7 in 16% of cases and influenza in 16% of 
cases. The involved syndromes were AESD (34%), MERS (18%), ANE 
(3%), HSES (2%), and acute encephalitis with refractory, repetitive 
partial seizures (AERRPS)/febrile infection-related epilepsy syn
drome (FIRES) (1%). The overall prognosis for acute encephalopathy 
was a sequela rate of 36% and a mortality rate of 5%, with the 
syndrome-specific rates being AESD 61%/2% (sequelae/death), 
MERS 4%/0%, ANE 41%/25%, and HSES 47%/53%.

3) Imaging findings for AESD (2.2.3., 2.6.1. in GL2016 [1]). 
New findings have been added in GL 2023, suggesting that high b- 

value diffusion-weighted imaging (DWI) (b = 3000 s/mm2) may 
offer superior visualization of BTA than usual (b = 1000 s/mm2) [9], 
and that arterial spin labeling (ASL) may be useful for the early 
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diagnosis of AESD [10]. High b-value DWI has also been suggested to 
offer superior visualization in MERS. 

Several reports of ASL have revealed that blood flow decreases 
within 8.5–22 h after an early seizure, followed by an increase af
terward [10]. The distribution of these blood flow abnormalities was 
consistent with the later-appearing BTA, a characteristic MRI finding 
in AESD.

4) EEG findings for acute encephalopathy (2.2.4. in GL2016 [1]). 
In addition to slow wave activity, the presence of seizures has been 

added as an abnormal finding on EEG in acute encephalopathy.
5) Treatment through mitochondrial rescue (2.4.3., 2.6.1. in GL2016 

[1]). 
There have been some reports that administering a mitochondrial 

vitamin cocktail (Vitamin B1, C, B7, E, CoQ10, and L-carnitine) within 
24 h improves the prognosis in AESD [11]. Because of its lower side 
effects, this therapy has been proposed as a potential treatment for 
acute encephalopathy in general.

6) Description of the early diagnostic score for AESD (2.6.1. in GL2016 
[1]). 

Since early diagnosis of AESD before late seizures or BTA on DWI is 
difficult, early AESD diagnostic scores, such as the Tada score [12] or 
Yokochi score [13], are described using clinical and laboratory data.

7) Therapy for AERRPS/ FIRES (2.6.2. in GL2016 [1]). 
Anti-cytokine therapies, such as the interleukin1 (IL1)-receptor 

antagonist (anakinra) [14] and the IL6-receptor antibody (tocilizu
mab) [15], are listed as potentially effective treatments for AERRPS, 
in addition to ketogenic diet therapy.

8) New clinical and genetic findings related to MERS have been added 
(2.7.3. in GL2016 [1]). 

It has been reported that urinary tract infections, particularly 
acute focal bacterial nephritis (AFBN), are frequent in MERS asso
ciated with bacterial infection [16]. Whole-exome sequencing anal
ysis of familial cases of MERS type 2, which affects the corpus 
callosum and white matter, identified a common mutation in the 
MYRF gene [17]. MYRF, specifically expressed in the central nervous 
system oligodendrocytes, is involved in oligodendrocyte differenti
ation and maintenance, as well as the regulation of myelin-related 
gene expression. MYRF mutations are thought to cause transient 
myelin damage during infection or fever, leading to mild dysfunc
tion, but have no effect under normal conditions.

4. Discussion

GL2023, published seven years after GL2016, consists of CQ1 (TTM 
for AESD), based on Minds 2020, and general and specific sections on 
acute encephalopathy (an update to GL2016), based on Minds 2007. A 
post-publication survey of GL2023 was conducted in 2025 by the Pe
diatric Acute Encephalopathy Research Group funded by the Ministry of 
Health, Labor and Welfare, and the data is currently being analyzed 
(under preparation for submission).

Acute encephalopathy in children is a serious illness, and conducting 
double-blind trials is difficult, making it challenging to perform quan
titative systematic reviews. In fact, based on the results of systematic 
reviews, the usefulness of high-dose steroid therapy for AESD was not 
established as a CQ. The systematic review for CQ and the literature 
review for updating general and specific descriptions were conducted 
from 2014 to 2021; therefore, they do not include very recent 
publications.

The JSCN WG began revising the guidelines in 2025, aiming for 
publication in 2027–28. CQs to be considered include the effectiveness 
of (a) TTM for confirmed cases of AESD, (b) mitochondrial vitamin 
cocktail for AESD, and (c) high-dose steroid therapy for cytokine storm 
encephalopathy, including ANE.
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