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A B S T R A C T

Background: Acute encephalopathy is a severe condition predominantly affecting children with viral infections. 
The purpose of this study was to elucidate the epidemiology, treatment, and management of acute encepha-
lopathy. The study also aimed to understand how the severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) pandemic has affected epidemiological trends.
Methods: This retrospective study used the database of the Febrile Acute Convulsion and Encephalopathy reg-
istry, a prospective multicenter consecutive case registry for acute encephalopathy and febrile convulsive status 
epilepticus. Pediatric patients aged 0–18 years hospitalized and diagnosed with acute encephalopathy between 
January 2020 and August 2023 were included in this study.
Results: Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD) was the most common 
syndrome (36 cases, 27.5 %). SARS-CoV-2 was the most common pathogen (19 cases, 14.5 %), followed by 
influenza virus type A (15 cases, 11.5 %). Targeted temperature management was performed for 25 (69.4 %) of 
36 patients with AESD; 5 (50.0 %) of 10 patients with hemorrhagic shock and encephalopathy; and only 1 (5.9 
%) of 17 patients with mild encephalitis or encephalopathy with a reversible splenial lesion (MERS). High-dose 
corticosteroids were administered to 9 (90.0 %) of 10 patients with hemorrhagic shock and encephalopathy and 
11 (30.6 %) of 36 patients with AESD.
Conclusions: The primary causative pathogen of acute encephalopathy has changed to SARS-CoV-2. AESD re-
mains the most common syndrome. Targeted temperature management is more, whereas high-dose corticoste-
roid therapy is less, frequently used. No specific treatment for mild encephalitis or encephalopathy with a 
reversible splenial lesion has been established.

Abbreviations: AESD, Acute encephalopathy with biphasic seizures and late reduced diffusion; COVID-19, coronavirus disease 2019; EEG, electroencephalog-
raphy; FACE, febrile acute convulsion and encephalopathy; FluA, influenza virus type A; HSES, hemorrhagic shock and encephalopathy; MERS, mild encephalitis/ 
encephalopathy with a reversible splenial lesion; PCPC, Pediatric Cerebral Performance Category; RSV, respiratory syncytial virus; SARS-CoV-2, severe acute res-
piratory syndrome coronavirus 2; TTM, targeted temperature management.
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1. Introduction

Acute encephalopathy is a severe condition that predominantly af-
fects children, and it is characterized by a high incidence of neurological 
sequelae and a high mortality risk [1]. It is often secondary to viral in-
fections, such as those caused by the influenza virus and human herpes 
virus 6/7. It also has an acute onset and presents with prolonged 
impaired consciousness. Its incidence is high in Asian countries, espe-
cially Japan, with approximately 500–900 cases reported annually [2].

Epidemiological studies on acute encephalopathy in Japan were 
conducted in 2010 [3] and 2017 [4] using nationwide surveys with 
questionnaires targeted at pediatric specialist training institutions. In 
these studies, the common age of onset, pathogens, and outcomes of 
acute encephalopathy syndrome were reported. Additionally, the 
Guidelines for the Diagnosis and Treatment of Acute Encephalopathy in 
Childhood 2016 (AE GL 2016) were published by the Japanese Society 
of Child Neurology [1]. In 2021, a web-based questionnaire survey 
targeting pediatric neurologists was conducted to evaluate changes in 
treatment before and after the publication of the AE GL 2016 [5]. It 
reported the treatment and management methods for acute encepha-
lopathy syndromes and their changes over time. These studies have 
revealed much about the epidemiology and treatment practices for acute 
encephalopathy, which were previously unknown. However, they had 
limitations, including their retrospective design, recall bias, and 
incomplete response rates from eligible institutions or physicians.

Furthermore, there have been significant global changes due to the 
spread of coronavirus disease 2019 (COVID-19) caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) since 2020. In Japan, 
the first case of COVID-19 was confirmed in January 2020. Thereafter, 
waves of the pandemic began. Since the emergence of the omicron 
variant in Japan in January 2022, the number of pediatric patients 
infected by SARS-CoV-2 has increased [6]. Changes in the proportions of 
causative pathogens relative to those reported by previous studies have 
been observed, which may influence the epidemiology of acute 
encephalopathy.

This study aimed to elucidate the epidemiology, treatment, and 
management of these acute encephalopathy. It also aimed to investigate 
how the COVID-19 pandemic has changed epidemiological trends.

2. Materials and methods

2.1. Ethics

All the methods adhered to the principles of the Declaration of 
Helsinki. The study design, including the use of the prospective registry, 
was approved by the ethics committee of Kobe University Graduate 
School of Medicine (No. 180011). The requirement for informed consent 
was waived because of the retrospective nature of the analysis of the 
anonymized information.

2.2. Study design and patients

This retrospective study used the Febrile Acute Convulsion and En-
cephalopathy (FACE) registry, a prospective multicenter consecutive 
case registry for acute encephalopathy and febrile convulsive status 
epilepticus. Enrollment into the FACE registry began in January 2020. 
By August 2023, the FACE registry included nine participating facilities 
in Japan, including four tertiary care hospitals with pediatric intensive 
care units, two tertiary care hospitals with intensive care units, two 
secondary care hospitals with intensive care units, and one secondary 
care hospital without intensive care units. The FACE registry included 
pediatric patients who met the following criteria: (1) definitive diag-
nosis with acute encephalopathy or (2) admission for febrile convulsive 
status epilepticus lasting 30 min or longer or altered consciousness 
lasting 6 h or longer. Pediatric patients aged 0–18 years who were 
hospitalized and diagnosed with acute encephalopathy between 

January 2020 and August 2023 were included in this study.

2.3. Observation items and definitions

Acute encephalopathy and acute encephalopathy syndrome were 
diagnosed according to guidelines and previous reports [1,7,8]. Briefly, 
we defined acute encephalopathy as follows: (1) acute onset during the 
course of an infectious disease, (2) consciousness disturbance lasting for 
at least 24 h, and (3) exclusion of other diseases such as encephalitis and 
meningitis. The sequelae were assessed using the Pediatric Cerebral 
Performance Category (PCPC) scale [9]. An increase by one or more 
points in the PCPC score from pre-hospitalization to one month after 
discharge represented the presence of sequelae. We investigated specific 
therapies for acute encephalopathy, including targeted temperature 
management (TTM), high-dose corticosteroids, vitamin administration, 
immunoglobulin therapy, free radical scavengers, osmotherapy, cyclo-
sporine, and blood purification therapy. We also assessed the perfor-
mance of continuous electroencephalography (EEG) monitoring. The 
decision to perform these treatments or management was left to the 
discretion of each clinician at each hospital.

TTM included hypothermia and normothermia therapies, which aim 
to lower the core body temperature to a target of 34–36 ◦C. TTM is 
typically performed for 24–72 h using a surface-cooling blanket. For 
high-dose corticosteroid therapy, methylprednisolone was administered 
at 30 mg/kg (maximum 1000 mg) for 3 days, followed by gradual 
tapering. Vitamin therapy typically involves the administration of vi-
tamins B1, B6, C, E, L-carnitine, biotin, and/or coenzyme Q10 for 
approximately 10 days. The administration of free radical scavengers 
was achieved by administering edaravone. Osmotherapy involved the 
administration of mannitol or glycerol. Continuous EEG monitoring was 
conducted using electrodes placed according to the International 10–20 
system. However, continuous EEG monitoring is performed in most 
cases with a reduced number of electrodes, such as using four channels 
(bilateral frontal and occipital regions).

2.4. Statistical analysis

The data are expressed as numbers (%) or medians (interquartile 
ranges). We compared the differences in patient characteristics and 
treatments among the three major acute encephalopathy syndromes. For 
the comparison of the three groups, we performed statistical analyses 
using the Kruskal-Wallis test to compare continuous dependent variables 
and the Fisher’s exact test to compare categorical variables. For items 
that demonstrated a significant difference, post hoc pairwise compari-
sons between individual groups were conducted exploratorily using 
either the Mann-Whitney test or Fisher’s exact test. EZR version 1.41 
(Saitama Medical Center, Jichi Medical University, Saitama, Japan) was 
used for analysis, and p-values of <0.05 denoted statistical significance.

3. Results

Of 845 patients enrolled in the FACE registry between January 2020 
and August 2023, 136 were diagnosed with acute encephalopathy or 
encephalitis. After excluding two cases of limbic encephalitis, one case 
of posterior reversible encephalopathy syndrome, and two cases of 
meningitis, 131 patients were diagnosed with acute encephalopathy.

3.1. Characteristics of the patients

The characteristics of the patients diagnosed with acute encepha-
lopathy are shown in Table 1. The median age was 33 months, but most 
of the children were 1 year old (36 cases, 27.4 %) (Fig. 1). Acute en-
cephalopathy with biphasic seizures and late reduced diffusion (AESD) 
was the most common syndrome (36 cases, 27.5 %), followed by clini-
cally mild encephalitis/encephalopathy with a reversible splenial lesion 
(MERS) (17 cases, 13 %) and hemorrhagic shock and encephalopathy 
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(HSES) (10 cases, 7.6 %). SARS-CoV-2 was the most common pathogen 
(19 cases, 14.5 %), followed by influenza virus type A (FluA) (15 cases, 
11.5 %), and respiratory syncytial virus (RSV) (10 cases, 7.6 %). FluA 
was most common from January to March 2020, but there were no cases 
between April 2020 and December 2022. SARS-CoV-2 was most 
commonly detected from April to December 2022 (Fig. 2). Overall, TTM, 
high-dose corticosteroid therapy, and vitamin therapy were applied to 
approximately half of the cases; however, immunoglobulin therapy was 
performed for only 16 cases (12.2 %). Sequelae were observed in 52 
(39.7 %) patients.

3.2. Comparison of characteristics of the patients by acute 
encephalopathy syndrome

The details of the three most common syndromes are presented in 
Table 2. The age of onset was significantly higher for the MERS group 
than for the other major syndrome groups (64 months, P < 0.01). FluA 
infections were significantly more frequent in patients with MERS than 
in those with AESD. There were no significant differences between the 
frequency of detections of SARS-CoV-2 among the major syndromes. The 
prevalence of sequelae differed across the following groups: MERS, 1/17 
(5.9 %); AESD, 18/36 (50.0 %); and HSES, 9/10 (91.7 %). There were no 
deaths in the AESD group and 6/10 (60.0 %) deaths in the HSES group.

3.3. Comparison of treatment and management by acute encephalopathy 
syndrome

The treatments for the three most common syndromes are presented 
in Table 3. TTM was performed for 25 (69.4 %) of 36 patients with 
AESD; 5 (50.0 %) of 10 patients with HSES; and only 1 (5.9 %) of 17 
patients with MERS (p < 0.01). High-dose corticosteroids were admin-
istered to 9 (90.0 %) of 10 patients with HSES and 11 (30.6 %) of 36 
patients with AESD (p < 0.01). Vitamins were administered to 26 (72.2 
%) of 36 patients with AESD and 9 (90.0 %) of 10 patients with HSES. 
Cyclosporine and blood purification therapies were not performed for 
any of the syndromes. Continuous EEG monitoring was conducted for 28 
(77.8 %) of 36 patients with AESD; 6 (60.0 %) of 10 patients with HSES; 
and 2 (11.8 %) of 17 patients with MERS (p < 0.01).

4. Discussion

This was the first multicenter study to identify the epidemiology, 
treatment, and management of acute encephalopathy in a prospective 
consecutive case series. We considered the age of onset, pathogen, 
syndrome, and treatment in comparison to previous studies [3–5,10,11].

The most common age of onset of acute encephalopathy was 1 year, 
with most cases occurring during infancy. This is consistent with pre-
vious reports [4]. The median ages of onset for the syndromes were as 
follows: AESD, 17 months; HSES, 26 months; and MERS, 64 months. 
These are also comparable to those reported by previous studies [3]. 
MERS occurs at an older age than the other major syndromes.

The causative pathogen for acute encephalopathy was predomi-
nantly SARS-CoV-2, although FluA was comparatively prevalent. During 
our survey period, the prevalent SARS-CoV-2 strains were as follows: the 
ancestral strain was dominant until February 2021; the Alpha variant 
was dominant from March 2021 to June 2021; the Delta variant was 
dominant from July 2021 to December 2021; and the Omicron variant 
was dominant from January 2022 to August 2023 [6,12]. The propor-
tion of cases of acute encephalopathy caused by the influenza virus was 
27.3 % in 2010 and 17.4 % in 2017, both of which were the highest 
proportions in previous reports [4]. The proportion in this study 
differed. During the COVID-19 pandemic, the incidence of influenza 
virus-related acute encephalopathy decreased from 2020 to 2022. In 
contrast, SARS-CoV-2-related encephalopathy increased from January 
2022, the period coinciding with the SARS-CoV-2 outbreak in children 
in Japan [6]. Influenza virus and SARS-CoV-2 infections have coexisted 

Table 1 
Characteristics of the patients.

Sex, male, n (%) 70 (53.4)

Age, months [IQR] 33 [17.5, 180]
Pre PCPC 1 105 (80.2)

2 10 (7.6)
3 7 (5.3)
4 8 (6.1)
5 1 (0.8)
6 0 (0)

Syndromes AESD 36 (27.5)
MERS 17 (13.0)
ANE 2 (1.5)
HSES 10 (7.6)
FIRES/AERRPS 6 (4.6)
ABS/Reye like 3 (2.3)
Unclassified 57 (43.5)

Virus FluA 15 (11.5)
SARS-CoV2 19 (14.5)
RSV 10 (7.6)
HHV6/7 7 (5.3)
Adeno virus 5 (3.8)
hMPV 5 (3.8)
Rota virus 1 (0.8)
HSV 1 (0.8)

Treatment TTM 64 (48.9)
High dose corticosteroid 72 (55.0)
Vitamins 75 (57.3)
Immunoglobulin therapy 16 (12.2)

Post PCPC 1 63 (48.1)
2 14 (10.6)
3 21 (16.0)
4 15 (11.5)
5 3 (2.3)
6 15 (11.5)

ΔPCPC 0 79 (60.3)
1 16 (12.2)
2 13 (9.9)
3 9 (6.9)
4 3 (2.3)
5 11 (8.4)

Data are presented as the median (interquartile range).
PCPC, the Pediatric Cerebral Performance Category; AESD, acute encephalop-
athy with biphasic seizures and late reduced diffusion; MERS, clinically mild 
encephalitis/encephalopathy with a reversible splenial lesion; ANE, acute 
necrotizing encephalopathy; HSES, hemorrhagic shock and encephalopathy; 
FIRES, Febrile infection related epilepsy syndrome; AERRPS, acute encephalitis 
with refractory, repetitive partial seizures; ABS, acute brain swelling; FluA, 
influenza virus type A; SARS-CoV2, severe acute respiratory syndrome corona-
virus 2; RSV, respiratory syncytial virus; HHV6/7, human herpesvirus 6/7; 
hMPV, human metapneumovirus; HSV, herpes simplex virus; TTM, targeted 
temperature management.

Fig. 1. Age distribution of acute encephalopathy. 
AESD, acute encephalopathy with biphasic seizures and late reduced diffusion; 
MERS, clinically mild encephalitis/encephalopathy with a reversible splenial 
lesion; 
HSES, hemorrhagic shock and encephalopathy.
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in Japan since 2023. Our results indicated that the causative pathogens 
of acute encephalopathy are significantly influenced by viral epidemics. 
Therefore, the proportion of the causative pathogens may change 
further in the future.

AESD was the most common syndrome, followed by MERS, which is 
consistent with the findings of previous studies. However, in previous 
nationwide surveys, acute necrotizing encephalopathy (ANE) was the 
third most common, instead of the HSES observed in this study [4]. The 
most common pathogen associated with ANE is the influenza virus 
[3,13]. In this study, one of two cases of ANE was positive for FluA. The 
decrease in influenza virus infections during the SARS-CoV-2 pandemic 
period may have contributed to the low number of ANE cases. The high 
prevalence of HSES may be attributed to the higher prevalence of HSES 
in patients with SARS-CoV-2-related encephalopathy [10,11]. Of the 10 
patients with HSES in our study, three tested positive for SARS-CoV-2. 
Furthermore, the participation of multiple tertiary care centers in this 
study may have increased the proportion of HSES cases due to the 
transfer of severely ill patients.

This study aimed to investigate the treatment and management of 
acute encephalopathy. Specifically, we clarified the treatment options 
for each acute encephalopathy syndrome. Several important observa-
tions were made on comparing the outcomes of this study with those of 
the 2021 survey [5]. TTM, a specific treatment for acute encephalopa-
thy, was performed for approximately half of all cases of acute en-
cephalopathy in this study, and in 70 % of the AESD cases. A 2021 
survey reported that 51 % of institutions preferred TTM for treating 
AESD, which was significantly higher than what was reported in 2015 
[5]. TTM is the main treatment option for AESD. This may be influenced 
by reports indicating that TTM performed within 24 h of onset can 
improve outcomes for patients with a high risk of progression to acute 
encephalopathy, such as refractory convulsive status epilepticus 
[14,15].

In the 2021 survey study, high-dose corticosteroid therapy was 
administered to 85 % of AESD cases [5]. In this study, it was only 
administered to approximately 30 % of the cases. The ineffectiveness of 
high-dose corticosteroid therapy for AESD may have influenced this 
result [16]. In contrast, high-dose corticosteroid therapy was adminis-
tered at a higher rate in the HSES group, which is consistent with pre-
vious reports [5]. No reports have demonstrated the effectiveness of 
high-dose corticosteroid therapy for HSES, but early high-dose cortico-
steroid therapy has been reported to improve the outcomes of ANE [17]. 
High-dose corticosteroid therapy may have been chosen for HSES cases, 
given that HSES is a type of cytokine storm-associated acute encepha-
lopathy that is comparable to ANE.

Vitamin therapy was the treatment of choice for acute 

encephalopathy to improve mitochondrial dysfunction. A 2021 survey 
reported an increase in institutions choosing vitamin therapy for each 
acute encephalopathy syndrome compared with that in 2015 [5]. In this 
study, vitamins were administered to approximately half of the cases of 
encephalopathy, at rates of 70 % for AESD and 90 % for HSES. Vitamin 
therapy may have been selected frequently due to its reported benefits, 
such as prevention, improvement of prognosis [18], and minimal side 
effects [19].

A 2021 survey reported increasing adoption of continuous EEG 
monitoring for various acute encephalopathy syndromes by institutions 
[5]. In this study, continuous EEG monitoring was performed for 
approximately 78 % of the AESD cases and 60 % of HSES cases. Several 
studies have reported that continuous EEG monitoring identifies elec-
trographic seizures in approximately 30–40 % of patients with critical 
illness [20–26]. It has also been reported that electrographic seizures are 
associated with mortality and poor neurological outcomes [24–27]. 
Therefore, continuous EEG monitoring in patients with acute encepha-
lopathy is important for detecting electrographic seizures and providing 
appropriate treatment. However, continuous EEG monitoring requires 
equipment and staff with EEG-decoding skills, which makes it unavai-
lable in all institutions. In this study, the high rate of continuous EEG 
monitoring may be attributed to the inclusion of multiple tertiary care 
centers.

In a study conducted in 2021, high-dose corticosteroids were 
administered to approximately half of the MERS cases [5]. However, 
they were administered to only a few cases of MERS in this study, and 
other treatments were infrequent. The prognosis of MERS is generally 
good [28], as evidenced in this study, despite the absence of specific 
treatment for most MERS cases.

However, this study did not aim to identify the most effective 
treatment. Further case enrollment and additional analyses are required 
to investigate the factors that may reduce the sequelae of acute en-
cephalopathy or prevent its progression.

This study had several limitations. First, it involved fewer cases than 
other national surveys. However, the number of registered cases 
increased with time. We anticipate that the accumulation of more cases 
will allow us to analyze the treatments, their effectiveness, and the 
outcomes for each syndrome. Second, there may have been selection 
bias due to the predominance of tertiary care centers participating in this 
registry study and consequent higher proportion of severe cases.

In conclusion, we elucidated the epidemiology, treatment, and 
management of acute encephalopathy through a prospective multi-
center consecutive case registry. The primary causative pathogen of 
acute encephalopathy, which was the influenza virus until the SARS- 
CoV-2 outbreak, changed to SARS-CoV-2 during the study. Compared 

Fig. 2. Temporal distribution of the causative pathogen for acute encephalopathy. 
COVID-19, Coronavirus disease 2019; FluA, influenza virus type A; SARS-CoV2, severe acute respiratory syndrome coronavirus 2; RSV, respiratory syncytial virus; 
HHV6/7, human herpesvirus 6/7. 
The left axis represents the number of acute encephalopathy cases, whereas the right axis represents the number of COVID-19 cases.
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with a previous report, TTM was performed more frequently for AESD, 
whereas high-dose corticosteroid therapy was less commonly used. 
Specific treatments for MERS were rarely administered. We determined 
the treatment choices for each acute encephalopathy syndrome. Further 
studies are required to evaluate the efficacies of these treatments.
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Table 2 
Comparison of characteristics of the patients by acute encephalopathy syndrome.

Syndromes AESD, N (%) MERS, N (%) HSES, N (%) P value

Number 36 17 10

Sex, male 17 (47.2) 7 (41.2) 7 (70.0) 0.33
Age, months [IQR] 17 [12, 24] 64 [37, 111] 26 [10.5, 34.5] < 0.01*
Pre PCPC 1 29 (80.6) 17 (100.0) 9 (90.0) 0.67

2 3 (8.3) 0 (0) 0 (0)
3 3 (8.3) 0 (0) 1 (10.0)
4 1 (2.8) 0 (0) 0 (0)
5 0 (0) 0 (0) 0 (0)
6 0 (0) 0 (0) 0 (0)

Virus FluA 2 (5.6) 5 (29.4) 1 (10.0) 0.04†

SARS-CoV2 4 (11.1) 1 (5.9) 3 (30.0) 0.20
RSV 2 (5.6) 1 (5.9) 1 (10.0) 0.80
HHV6/7 5 (13.9) 0 (0) 0 (0) 0.21
Adeno virus 0 (0) 1 (5.9) 0 (0) 0.43
hMPV 2 (5.6) 0 (0) 0 (0) 1.0
Rota virus 0 (0) 1 (5.9) 0 (0) 0.43
HSV 0 (0) 0 (0) 0 (0)

Post PCPC 1 13 (36.1) 16 (94.1) 1 (10.0) < 0.01‡

2 8 (22.2) 0 (0) 0 (0)
3 11 (30.6) 1 (5.9) 1 (10.0)
4 4 (11.1) 0 (0) 2 (20.0)
5 0 (0) 0 (0) 0 (0)
6 0 (0) 0 (0) 6 (60.0)

ΔPCPC 0 18 (50.0) 16 (94.1) 1 (10.0) < 0.01§

1 9 (25.0) 0 (0) 1 (10.0)
2 6 (16.7) 1 (5.9) 1 (10.0)
3 3 (8.3) 0 (0) 1 (10.0)
4 0 (0) 0 (0) 0 (0)
5 0 (0) 0 (0) 6 (60.0)

Data are presented as the median (interquartile range).
PCPC, Pediatric Cerebral Performance Category; AESD, acute encephalopathy with biphasic seizures and late reduced diffusion; MERS, clinically mild encephalitis/ 
encephalopathy with a reversible splenial lesion; HSES, hemorrhagic shock and encephalopathy; FluA, influenza virus type A; SARS-CoV2, severe acute respiratory 
syndrome coronavirus 2; RSV, respiratory syncytial virus; HHV6/7, human herpes virus 6/7; hMPV, human metapneumovirus; HSV, herpes simplex virus.
*AESD vs. MERS, P < 0.001; MERS vs. HSES, P < 0.05.
†AESD vs MERS, P < 0.05.
‡AESD vs MERS, P < 0.001; AESD vs HSES, P < 0.001; MERS vs HSES, P < 0.001.
§AESD vs MERS, P < 0.05; AESD vs HSES, P < 0.001; MERS vs HSES, P < 0.001.

Table 3 
Comparison of treatments and management for acute encephalopathy 
syndrome.

Syndromes AESD, N 
(%)

MERS, N 
(%)

HSES, N 
(%)

P value

Treatment

TTM 25 (69.4) 1 (5.9) 5 (50.0) < 0.01||

High dose corticosteroid 11 (30.6) 2 (11.8) 9 (90.0) < 0.01¶

Vitamins 26 (72.2) 2 (11.8) 9 (90.0) < 0.01⁑

Immunoglobulin therapy 2 (5.6) 1 (5.9) 3 (30.0) 0.08
Free radical scavengers 14 (38.9) 2 (11.8) 4 (40.0) 0.11
Osmo-therapy 6 (16.7) 1 (5.9) 4 (40.0) 0.09
Continuous EEG 
monitoring

28 (77.8) 2 (11.8) 6 (60.0) <

0.01††

TTM: targeted temperature management.
EEG and electroencephalography.
||AESD vs MERS, P < 0.001.
¶AESD vs HSES, P < 0.01; MERS vs HSES, P < 0.001.
⁑AESD vs. MERS, P < 0.001; MERS vs. HSES, P < 0.001.
††AESD vs MERS, P < 0.001; MERS vs HSES, P < 0.05.
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