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A B S T R A C T

Acute encephalopathy with biphasic seizures and late reduced diffusion (AESD) is difficult to differentiate from 
prolonged febrile seizures during the acute phase. Mitochondrial dysfunction-induced energy depletion is among 
the key mechanisms underlying acute encephalopathy. Therefore, this study aimed to examine the efficacy of a 
“mitochondrial cocktail” in preventing AESD. We retrospectively studied children experiencing status epilepticus 
associated with fever lasting more than 30 min, focusing on those who received the mitochondrial cocktail 
between February 2016 and December 2020, and those who did not receive it within 24 h between February 
2012 and January 2014. The mitochondrial cocktail contained vitamins B1, C, and E; biotin; coenzyme Q10; and 
L-carnitine. AESD occurred in 1 of 41 (2.4 %) patients in the administration group and 7 of 39 (17.9 %) patients 
in the non-administration group. The incidence of AESD was lower in the administration group than in the non- 
administration group, with a significant difference (p = 0.027). The incidence of encephalopathy, including cases 
classified as AESD and unclassified, was 7/41 (17.1 %) and 7/39 (17.9 %) in the administration and non- 
administration groups, respectively, with no significant difference. However, the number of cases with wors
ening pediatric cerebral performance category scores was significantly lower in the administration group 
compared to the non-administration group (p = 0.015). In conclusion, early administration of the mitochondrial 
cocktail may help prevent AESD. Some encephalopathy cases do not progress to a biphasic state or develop 
AESD. Thus, the mitochondrial cocktail should be administered as early as possible to prevent AESD.

1. Introduction

Acute encephalopathy with biphasic seizures and late reduced 
diffusion (AESD) is clinically characterized by prolonged febrile seizures 
(PFC) lasting for >30 min as the initial neurological symptom on day 1, 
followed by secondary seizures (commonly in a cluster of focal seizures). 
AESD is associated with the deterioration of consciousness on days 4 to 
6. Most patients experience persistent disturbance in their level of 
consciousness between biphasic seizures, although approximately 30 % 
of patients have normal, clear consciousness [1,2]. Therefore, it is 
initially difficult to distinguish AESD from PFC.

We previously reported that early (<24 h) drug cocktail adminis
tration (mitochondrial cocktail: vitamin B1, vitamin C, biotin, vitamin E, 
coenzyme Q10, and L-carnitine) can help improve the prognosis of acute 
encephalopathy [3]. Vitamins act as coenzymes in mitochondrial 
metabolic pathways, and supplementation can prevent mitochondrial 
dysfunction [4,5]. Administering antioxidants is necessary to prevent 
free radical generation due to mitochondrial dysfunction [4]. Depleting 
energy caused by mitochondrial dysfunction is considered one of the 
pathological conditions of acute encephalopathy; therefore, adminis
tering mitochondrial cocktails may be effective [6]. Therefore, this 
study aimed to examine whether early administration of a mitochondrial 
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cocktail can suppress the onset of AESD in cases with status epilepticus 
with fever.

2. Material and methods

Based on their medical records, patients with status epilepticus 
associated with fever lasting for >30 min who received a mitochondrial 
cocktail between February 2016 and December 2020 were included in 
this study. During this period, the mitochondrial cocktail was adminis
tered to all eligible cases as a part of a standardized treatment protocol, 
ensuring uniformity in the approach to treatment. Patients with status 
epilepticus associated with fever lasting for >30 min who did not receive 
the mitochondrial cocktail within 24 h between February 2012 and 
January 2014 were also included. In this earlier period, the adminis
tration of the mitochondrial cocktail was not standardized and was 
given at the discretion of the attending physician. Therefore, only cases 
that did not receive the treatment within 24 h were selected for com
parison. The mitochondrial cocktail contained vitamin B1 (10 mg/kg), 
vitamin C (100 mg/kg), biotin (0.5 mg/kg), vitamin E (10 mg/kg), co
enzyme Q10 (5 mg/kg), and L-carnitine (30 mg/kg). The dosage was 
adjusted based on the weight of each patient; it was not increased 
beyond the dosage appropriate for the body weight of 20 kg. All six 
drugs were administered orally and via a nasogastric tube for cases of 
severe disturbance of consciousness. The duration of administration was 
5 days or until the fever subsided and the condition of the patient 
stabilized.

The ages, durations from onset to medication, final diagnoses, and 
AESD prediction scores (a system designed by Tada et al. [Tada score] 
[7]) of the patients were obtained from the medical records. The Tada 
score is a score based on the consciousness level (12–24 h after 
convulsion), age, duration of convulsions, presence of mechanical 
ventilation management, and blood tests (aspartate transaminase, blood 
glucose, and creatinine) at admission. The maximum score is 9, and a 
total score of 4 or higher indicates AESD. The final diagnosis was clas
sified as acute encephalopathy or PFC.

Within the category of acute encephalopathy, cases were further 
classified as either AESD or as “unclassified” acute encephalopathy.

Cases that exhibited a systemic inflammatory response indicative of 
a cytokine storm were excluded from this study. These exclusions were 
made because such cases are likely to represent encephalopathies with 
distinct pathophysiological mechanisms different from AESD, such as 
acute necrotizing encephalopathy or hemophagocytic syndrome with 
encephalopathy. We defined acute encephalopathy based on the 
following specific criteria: (a) acute onset of severe and sustained 
impairment of consciousness after an infection; (b) exclusion of central 
nervous system inflammation, level of consciousness of ≤11 on the 
Glasgow Coma Scale (GCS) or ≥ 20 on the Japan Coma Scale (JCS), and 
duration of impairment of >24 h. These diagnostic criteria are estab
lished by the Japanese research committee on influenza encephalopathy 
[8]. Patients who did not meet the criteria for acute encephalopathy 
with no sequelae were classified to have PFC. A pediatric neurologist 
assessed the classification of acute encephalopathy based on the clinical 
course and brain imaging. Outcomes were assessed using the pediatric 
cerebral performance category (PCPC) score (Zaritsky et al.) at hospital 
discharge [9]. We investigated cases diagnosed with acute encepha
lopathy, comparing the PCPC scores before onset and at discharge. 
Specifically, we analyzed the proportion of cases with a pre-onset PCPC 
score of 1 that worsened to a score of 3 or higher by discharge, 
comparing the administration and non-administration groups.

For statistical analysis, the Student's t-test was used to compare the 
ages and the Tada scores of the patients in the administration and non- 
administration groups at admission. Fisher's exact test was used to 
compare both the AESD incidence between the prescription and non- 
prescription groups and the number of cases with PCPC worsening 
among acute encephalopathy patients in each group.

For this study, informed consent was obtained using the opt-out 

format. This study was reviewed and approved by the Ethical Commit
tee of Chiba Children's Hospital (2024–007).

3. Results

3.1. Summary of patient characteristics

Forty-one patients who received the mitochondrial drug cocktail 
within 24 h and 39 patients who did not were included. The ages of the 
patients ranged from 10 to 114 months (mean: 31.3 months) in the 
administration group and from 7 to 88 months (mean: 32.7 months) in 
the non-administration group. The ages in both groups were not 
significantly different (p > 0.05). The time from the seizure onset to 
medication use was 2–19 h (mean: 8.57 h) (Table 1).

The final diagnoses for the administration group were acute en
cephalopathy (7 cases) and PFC (34 cases). One case of acute enceph
alopathy was classified as AESD and six were categorized as 
“unclassified.” Seven cases of acute encephalopathy and 32 cases of PFC 
were observed in the non-administration group, and all acute enceph
alopathy cases were AESD. No adverse events related to mitochondrial 
drug cocktail use were observed.

3.2. AESD predictive scores (Tada score)

The AESD predictive scores ranged from 1 to 9 (mean: 2.64) and from 
0 to 8 (mean: 2.92) in the administration and non-administration 
groups, respectively. No significant difference was observed between 
the two groups.

In the administration group, AESD predictive scores of 4/9 and 
higher were observed for 10 cases; 1 patient developed AESD, while the 
other 9 did not. In the non-administration group, AESD predictive scores 
of 4/9 and higher were observed for 13 cases; 7 developed AESD, 
although the other 6 did not. The positive predictive value (PPV) was 
significantly lower in the treatment group compared to the non- 
treatment group, with the treatment group showing a PPV of 1/10 
(10 %) and the non-treatment group showing a PPV of 7/13 (53.8 %). 
Both groups had a negative predictive value of 100 %.

3.3. Comparison of the mitochondrial cocktail administration group and 
the non-administration group

AESD occurred in 1 of 41 (2.4 %) patients in the administration 
group and in 7 of 39 (17.9 %) patients in the non-administration group. 
The AESD incidence was significantly lower in the administration group 
than in the non-administration group (p < 0.05) (Table 1). The incidence 

Table 1 
Comparison of patient characteristics and final diagnosis.

Administration 
group

Non-administration 
group

p- 
value

Age (months) 10–114 
(mean:31.3)

7–88 (mean: 32.7) 0.79

Time from onset to 
medication (hour)

2–19 (mean: 8.57) N/A N/A

Tada score 1–9 (mean: 2.64) 0–8 (mean: 2.92) 0.40
Final diagnosis
• AESD 1 7
• Others 6 0
• PFC 34 32
AESD vs. PFC + others
• AESD 1 7 0.027
• PFC + others 40 32
AESD+others vs. PFC
• AESD+others 7 7 1.00
• PFC 34 32

AESD, acute encephalopathy with biphasic seizures and late reduced diffusion; 
N/A, not applicable; PFC, prolonged febrile seizures.
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of encephalopathy, including AESD and unclassified, was 7/41 (17.1 %) 
and 7/39 (17.9 %) in the administration and non-administration groups, 
respectively, with no significant difference (Table 1). In the non- 
administration group, 7 patients were diagnosed with acute encepha
lopathy, and 4 had a pre-onset PCPC score of 1. All four (100 %) patients 
had a PCPC score of 3 or higher at discharge, indicating the presence of 
sequelae. In contrast, in the administration group, 7 patients were 
diagnosed with acute encephalopathy, all with a pre-onset PCPC score of 
1; however, only 1 (14.2 %) had a PCPC score of 3 or higher at discharge, 
while the remaining 6 maintained a PCPC score of 1. A significant dif
ference (p = 0.015) was observed (Table 2).

4. Discussion

We assessed the efficacy of a drug cocktail containing vitamins 
(mitochondrial cocktail) in preventing AESD. According to the results of 
magnetic resonance spectroscopy (MRS) studies, delayed neuronal cell 
death due to excitotoxicity is considered to cause AESD [10].

Glutamate, an excitatory neurotransmitter released into synapses, is 
taken up by astrocytes and converted (detoxified) into glutamine. 
However, in AESD, excess glutamate overwhelms this process, causing 
calcium influx through the activation of N-methyl-D-aspartate receptors 
in postsynaptic cells. As a result, the intracellular Ca2+ concentration 
increases, resulting in mitochondrial dysfunction. This increases the 
concentrations of reactive oxygen species and apoptosis-inducing fac
tors. The mechanism that ultimately leads to cell death is speculated 
[11]. Therefore, immediate administration of the mitochondrial cocktail 
to patients with status epilepticus associated with fever that can lead to 
acute encephalopathy may reduce mitochondrial dysfunction and pre
vent AESD onset several days later.

Table 3 shows the assumed mechanism of action of the six vitamins 
we administered. The effects of pyridoxine (vitamin B6) use have also 
been reported. Vitamin B6 accelerates the conversion of glutamate to 
gamma-aminobutyric acid (GABA). In this situation, the glutamate level 
decreases, and the level of GABA, which suppresses nerve excitation, 
increases, showing that vitamin B6 may be effective against AESD 
[12,13].

In this study, the average duration from seizure onset to medication 
administration was 4.84 h, and the drugs could be administered early. 
Previously, we reported that the administration of mitochondrial cock
tail drugs within 24 h may improve prognosis. In this study, we could 
administer the cocktail within 24 h for all cases.

The AESD prediction score by Tada et al. [7] incorporates the levels 
of consciousness after 12 to 24 h. The consciousness level (12–24 h after 
convulsion) is categorized as GCS 15 or JCS 0: no points; GCS 14–9 or 
JCS 1–30: 1 point; and GCS 8–3 or JCS 100–300: 3 points. The authors 
reported that if the sum of the above scores is 4 or higher, the sensitivity 
and specificity of AESD prediction are 88.7 % and 90 %, respectively.

In the treatment group, 10 patients had predictive scores of 4/9 or 
higher, only 1 out of these 10 patients (10 %) developed AESD. Whereas, 
in the non-treatment group, 7 out of 13 patients (53.8 %) with predictive 
scores of 4/9 or higher developed AESD. This marked disparity in 
PPV—10 % for the treatment group compared to 53.8 % for the non- 
treatment group—suggests that the mitochondrial cocktail may be 
effective in reducing the risk of AESD development among high-risk 
individuals.

In this study, the incidence of AESD was significantly lower in the 
administration group than in the non-administration group (p = 0.026). 

The incidence of encephalopathy, including cases classified as AESD and 
unclassified, was 7/41 (17.1 %) and 7/39 (17.9 %) in the administration 
and non-administration groups, respectively, with no significant differ
ence. This suggests that early administration of the mitochondrial 
cocktail offers preventive benefits against AESD in selected cases. 
Additionally, some individuals diagnosed with encephalopathy do not 
progress to a biphasic state and develop AESD. All individuals with 
encephalopathy who did not progress to a biphasic state and were 
categorized as “unclassified” were observed to have a PCPC score of 1 at 
the time of discharge and had a good prognosis. The analysis of PCPC 
scores demonstrated a significant difference between the administration 
and non-administration groups in terms of neurological outcomes at 
discharge. Therefore, we believe that the mitochondrial cocktail should 
be administered as early as possible to prevent AESD.

AESD is the most common type of acute encephalopathy in Japan 
[14]. However, in some mild acute encephalopathies, which did not 
show abnormal findings on magnetic resonance imaging and were 
considered the “unclassifiable” type, MRS showed a transient increase in 
glutamine levels. These mild acute encephalopathies are presumed to be 
on the mild spectrum of an excitotoxic acute encephalopathy and are 
clinically termed mild encephalopathy associated with excitotoxicity 
(MEEX) [15,16]. MRS was not performed in this study, although it is 
possible that the 6 patients in the administration group who were 
diagnosed with encephalopathy but did not develop AESD and were 
categorized into the unclassifiable group may have had MEEX. By 
examining glutamate and glutamine in patients treated with mito
chondrial cocktail drugs, it may be possible to examine changes in 
excitotoxicity due to treatment and evaluate the efficacy of drugs when 
the final diagnosis is PFC or “unclassifiable.”

The limitations of the study include the difficulty in evaluating the 
effectiveness of the mitochondrial cocktail. This is because, if effective, 
the final diagnosis of a patient who would have developed AESD without 
treatment could change to encephalopathy classified as “unclassifiable” 
or PFC. In contrast, some patients were diagnosed with PFC without 
administration of the mitochondrial cocktail. Previous studies have 
shown that “unclassifiable” types of acute encephalopathy are the 
second-most common type of acute encephalopathy in Japan after 
AESD, and it cannot be determined whether the mitochondrial cocktail 
was effective for the six cases categorized as unclassifiable in the 
administration group. In this study, we showed that the mitochondrial 
cocktail may be effective, although it was impossible to present the ef
ficacy of this cocktail with sufficient ground. Thus, examining a large 
number of people is necessary to demonstrate the effectiveness of the 
mitochondrial cocktail for AESD. Furthermore, examining the patho
physiology of excitotoxicity through techniques such as MRS may serve 

Table 2 
Number of cases of PCPC worsening among acute encephalopathy.

PCPC worsened by 2 or more p-value

Administration group (N = 7) 1 0.015
Non-administration group (N = 4) 4

PCPC, pediatric cerebral performance category.

Table 3 
Mechanism of action of the components of the mitochondrial drug cocktail.

Components* Mechanism of action

Vitamin B1 Vitamin B1 activates pyruvate metabolism and the 
tricarboxylic acid cycle, promoting electron transfer to 
the mitochondrial electron transport chain.

Vitamin C, Biotin, and 
Vitamin E

These are commonly incorporated antioxidants in 
various mitochondrial cocktail drugs along with 
coenzyme Q10 and work as free radical scavengers.

Coenzyme Q10 It is used as a bypass of the electron transport system and 
is expected to improve flow. It also has an antioxidant 
effect. It is believed not to pass through the blood-brain 
barrier, although it reduces lactate and pyruvate 
concentrations in the central nervous system. Thus, 
coenzyme Q10 may be indirectly involved.

Carnitine Carnitine binds to long-chain acyl-CoAs in the cytoplasm 
and transports them into the mitochondria. Insufficient 
carnitine suppresses β-oxidation in the mitochondria and 
impairs energy metabolism.

* All components are involved in metabolic pathways within the 
mitochondria.

T. Omata et al.                                                                                                                                                                                                                                  Journal of the Neurological Sciences 466 (2024) 123245 

3 







as a basis for treatment.

5. Conclusions

Various vitamins act as coenzymes in the mitochondrial metabolic 
pathway, and supplementation can prevent mitochondrial dysfunction 
with AESD. The administration of antioxidants is necessary to prevent 
free radical generation due to mitochondrial dysfunction. AESD can be 
difficult to distinguish from PFC at the time of hospitalization. Given the 
pathophysiology of AESD, the mitochondrial cocktail should be 
administered as early as possible to prevent AESD. In this study, AESD 
incidence was significantly lower in the administration group, and the 
changes in PCPC scores at discharge tended to be lesser in the admin
istration group than in the non-administration group; however, evidence 
for the effectiveness of mitochondrial cocktails remains inadequate and 
requires further investigation.
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