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Introduction 

Since pharmacologic agents are the mainstay of epilepsy treatment, 
drug compliance is one of the most important factors in seizure 
control. Outcomes of missing antiepileptic drug (AED) can be as-
sociated with higher seizure frequency, increased likelihood hospi-

Purpose: Since pharmacologic agents are the mainstay of epilepsy treatment, drug compliance is 
one of the most important factors in seizure control. Once-daily levetiracetam (LEV) has been 
proven to have the same efficacy as that of an immediate-release (IR) formulation. A reduced 
number of doses may improve drug compliance and patient satisfaction. The aim of this study 
was to assess drug compliance and patient satisfaction when changing from IR to an extend-
ed-release (ER) formulation. 
Methods: Adolescent patients diagnosed with epilepsy who were taking LEV from 2018 to 2020 
were included in this study. Compliance charts were reviewed retrospectively. We compared the 
frequency of seizure occurrence with the frequency of skipping doses and adverse effects before 
and after changing formulations. Changes in subjective compliance and satisfaction were also 
investigated. 
Results: Among 585 patients taking LEV, 44 were included in this study. The average age of the 
included patients was 16.4±2.0 years. There was no significant change in the average seizure fre-
quency (P=0.491) after switching formulations. Objective compliance based on chart records sig-
nificantly improved after switching formulations (P=0.021). Additionally, 26 of 44 patients men-
tioned how they felt about switching formulations, of whom 25 (96.2%) were satisfied with the 
ER formulation. Thirteen of 24 patients (54.2%) reported better compliance. 
Conclusion: Our study shows that the efficacy of LEV ER was similar to that of the IR formula-
tion. The reduced number of medication doses improved patient satisfaction and medication 
compliance. LEV ER may be preferable in adolescent epilepsy patients. 
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Original article

tal admission, epilepsy-related mortality, and higher cost of health-
care [1,2]. Some factors influencing compliance in epilepsy pa-
tients are age, understanding importance of taking medication, fear 
of side effects, feelings of stigma, and number of drugs [3]. Dosing 
frequency can also affect drug compliance [4-6]. Cramer et al. [7] 
reported patients having seizures after missed doses were associat-
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ed with the frequency of seizure medication doses (P = 0.04) and 
the number of seizure medication tablets/capsules (P = 0.01). 

Levetiracetam (LEV) has been widely used in the treatment of 
epilepsy because of its broad-spectrum efficacy, unique mecha-
nism of action, and fewer adverse effects [8-10]. Extended-release 
(ER) LEV has been proven to have the same efficacy as that of an 
immediate-release (IR) formulation [11]. A pharmacokinetic 
study also showed that LEV ER was bioequivalent to LEV IR [12]. 
Several studies reported that LEV ER was effective for treating fo-
cal seizures [13,14]. The safety and adverse effect profile is also tol-
erable [15]. Previous studies showed that children and adolescents 
are more likely to have poor drug compliance [16], and a reduced 
number of doses may improve drug compliance and satisfaction in 
adolescent patients. However, there is no study exploring how LEV 
ER affects medication compliance. The aim of this study was to as-
sess drug compliance and patient satisfaction after changing medi-
cation formulations from IR to ER.  

Materials and Methods 

1. Subjects 
Subjects who visited the Department of Pediatrics at Chungnam 
National University Hospital, were diagnosed with epilepsy, and 
had switched formulation LEV IR to ER between 2018 and 2020 
were enrolled in the study. Epilepsy was diagnosed according to 
the clinical definition of the International League Against Epilepsy 
as follows: (1) at least two unprovoked (or reflex) seizures occur-
ring > 24 hours apart; (2) one unprovoked (or reflex) seizure and 
a probability of further seizures similar to the general recurrence 
risk (at least 60%) after two unprovoked seizures, occurring over 
the next 10 years; and (3) diagnosis of an epilepsy syndrome [17]. 
Among 62 patients who fit the inclusion criteria, 18 patients were 
excluded. Exclusion criteria were as follows: (1) older than 20 
years of age; (2) less than one month using LEV medication (ei-
ther IR and ER each); and (3) the addition or removal of other 
medication duration the transition time (Fig. 1). 

2. Method 
We reviewed medical records retrospectively. Clinical characteris-
tics of patients, such as age, sex, epilepsy type, frequency of seizure 
and missing dose, dose of LEV, number of AED, etiology of epilep-
sy, and comorbidities were included. We defined transition time as 
3 months before and after changing formulation, compared the 
frequency of seizure occurrence with the frequency of skipping 
medicine before and after switching. And we reviewed occurrence 
of adverse events after switching formulation. All the patients who 
had seizure without any provocative factors such as fever, sleep 

deprivation and drug omit were received escalated dose of 250 mg 
of LEV during both periods. Additionally, alterations in subjective 
compliance and satisfaction were investigated. 

3. Statistical analysis 
The Wilcoxon signed-rank test was performed using SPSS version 
20.0 (IBM Co., Armonk, NY, USA). We compared the seizure fre-
quency and compliance between prior to changing formulation 
and after changing formulation, analyzed the data, and considered 
P values < 0.05 as significant for all comparisons and analysis. 
Since two of the enrolled patients had insufficient time of 3 months 
of IR and ER medication duration, these patients were excluded 
from comparison.  

4. Ethics  
This study was reviewed and approved by the Institutional Review 
Board of the Chungnam National University Hospital (CNUHIRB 
2020-04-173). Due to its retrospective nature, the study was exempt 
from requiring informed consent from the participants.  

Results 

1. Clinical characteristics 
A total of 44 patients were enrolled in this study. The average age of 
the included patients was 16.4 ± 2.0 years (range, 13 to 20), and 22 
were males (50%). Out of the 44 patients, 30 patients (68.2%) had 
focal epilepsy and 14 (31.8%) had generalized epilepsy. The aver-
age dose of LEV was 1,068.2 ± 382.6 mg (range, 500 to 2,000). 
The duration of patients taking LEV medication before switching 
formulation was 827.2 ± 852.2 days (range, 42 to 3,678). Most of 
the patients (84.1%) were on LEV monotherapy. Six out of 44 pa-
tients (13.6%) were taking two AEDs and one patient (2.3%) was 
taking three AEDs. The majority of patients had no comorbidities 
(68.2%) and had epilepsy with an unknown etiology (79.5%). Out 
of the 44 patients, four (9.2%) had adverse effects, such as drowsi-
ness and dyspepsia. Among the four with adverse effects, two pa-

Pediatric epilepsy patients on 
levetiracetam (n=585)

Switch to extended formulation 
(n=62)

Enrolled patients  
(n=44)

Excluded patients (n=18); old age 
(n=12), insufficient time of medication 
(n=5), addition of another medication 

during transition time (n=1)

Fig. 1. Flow chart of patient enrollment.
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tients had serious adverse events of suicidal ideas and visual hallu-
cinations. All the adverse events, except suicidal idea was occurred 
within 3 months of LEV ER period. Suicidal idea was occurred 
about 1 year after switching formulation. They were switched back 
to the previous formulation and their status returned to normal 
(Table 1). 

2. Comparison of seizure frequency and compliance 
The average seizure frequencies during the period of IR and ER 
medications were 0.24 ± 0.73 and 0.19 ± 0.49 times per month, re-
spectively. Twenty-two of 42 patients (52.4%) were seizure-free 
during the transition time. There was no significant difference in 
the average seizure frequency (P = 0.491) before and after switch-
ing the formulation. A total of six seizures were related with missing 
a dose, which were excluded from this comparison. Average miss-
ing doses during IR and ER were 0.46 ± 0.90 and 0.15 ± 0.39 times 
per month, respectively. Twenty-four of 42 patients (57.1%) never 
missed a dose during the transition time. Compliance was signifi-
cantly improved after switching formulation from IR to ER 
(P = 0.021) (Table 2 and Fig. 2). 

3. Difference of seizure frequency and compliance according 
to clinical characteristics 
Differences in seizure frequency did not depend on sex, age, drug 
dose, epilepsy type, number of AEDs, IR duration, or presence of 
comorbidity. Enhancement of compliance was more prominent in 
the patients with older age (P = 0.047), generalized epilepsy 
(P = 0.027), higher dose (P = 0.041), and longer IR duration 

(P = 0.034), especially in patients without any comorbidities 
(P = 0.009) (Table 3). 

Table 1. Clinical characteristics (n=44)

Variable Value
Age (yr) 16.4±2.0 (13–20)
Male sex 22 (50.0)
Epilepsy type
 Focal 30 (68.2)
 Generalized 14 (31.8)
Dose (mg/day) 1,068.2±382.6 (500–2,000)
Duration of IR medicationa (day) 827.2±852.2 (42–3,678)
Number of AEDs
 1 37 (84.1)
 2 6 (13.6)
 3 1 (2.3)
Etiology
 Unknown 35 (79.5)
 Structural 5 (11.4)
 Genetic 3 (6.8)
 Infectious 1 (2.3)
Comorbidity
 None 30 (68.2)
 Migraine 5 (11.4)
 Psychological disorder 4 (9.1)
 Intellectual disability 4 (9.1)
 Cerebral palsy 1 (2.3)
Adverse event 4 (9.1)

Values are presented as mean±standard deviation (range) or number (%).
IR, immediate-release formulation; AED, antiepileptic drug.
an=42, two patients were transferred in early childhood.

Table 2. Comparison of the frequency of seizures and missed doses between IR and ER

Variable IR ER P value
Seizure frequency (n=42)
 None 32 32
 Less than one (/mo) 7 8
 One or more than one (/mo) 5 4
 Seizure-free for both periods 22 (52.4)
Average seizure frequency (/mo)a 0.24±0.73 (0–4) 0.19±0.49 (0–2) 0.491
Total no. of seizure events 39 29
 Missing dose-related seizures 4 2
No. of missed doses (n=42)
 None 27 36
 Less than one (/mo) 4 0
 One or more than one (/mo) 11 6
 Never missed for both periods 24 (57.1)
Average no. of missed doses (/mo) 0.46±0.90 (0–4) 0.15±0.39 (0–1.5) 0.021

Values are presented as number (%) or mean±standard deviation (range). 
IR, immediate-release formulation; ER, extended-release formulation.
an=36, six patients had seizures related with missing a dose.

Ann Child Neurol 2021;29(2):61-67
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4. Subjective compliance and satisfaction 
Twenty-six of 44 patients disclosed how they felt about switching. 
Thirteen of 24 patients (54.2%) expressed better compliance, and 
25 (96.2%) of 26 patients were satisfied with the ER formulation 
(Table 4). The most common reason for missing a dose was for-
getfulness (13 of 13, 100%).  

Discussion 

Since phenytoin ER was introduced to the market in 1976, many 
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Fig. 2. Average frequency of seizures and skipping medication 
during the 3 months before and after switching formulations. 
There was no significant difference in seizure frequency (P=0.491), 
but there was a significant difference in compliance (P=0.021). 
IR, immediate-releasing formulation; ER, extended-release 
formulation.

Table 3. Comparison of seizure frequency and compliance between IR and ER according to clinical characteristics

Characteristic
Average seizure frequency (/mo) Average number of missed doses (/mo)

No. IR ER P value No. IR ER P value
Sex
 Male 17 0.20±0.47 0.24±0.54 0.854 22 0.46±0.95 0.20±0.45 0.132
 Female 19 0.28±0.91 0.16±0.46 0.317 20 0.46±0.88 0.14±0.35 0.084
Age (yr)
 ≤16 15 0.20±0.48 0.13±0.30 0.257 18 0.34±0.59 0.17±0.38 0.234
 >16a 21 0.27±0.87 0.24±0.60 0.914 24 0.55±1.09 0.15±0.40 0.047
Epilepsy type
 Focal 26 0.33±0.84 0.26±0.57 0.359 29 0.31±0.76 0.14±0.35 0.281
 Generalizeda 10 0.00±0.00 0.03±0.11 0.317 13 0.81±1.13 0.19±0.48 0.027
Dose (mg)
 ≤1000 23 0.07±0.22 0.07±0.17 1.000 28 0.39±0.87 0.20±0.44 0.178
 >1,000a 13 0.54±1.14 0.41±0.76 0.465 14 0.62±0.98 0.07±0.27 0.041
Duration of IR (day)
 ≤365 9 0.00±0.00 0.07±0.15 0.157 10 0.40±0.66 0.20±0.42 0.357
 >365a 27 0.32±0.83 0.23±0.56 0.251 32 0.48±0.98 0.14±0.39 0.034
No. of AEDs
 LEV monotherapy 31 0.12±0.35 0.09±0.23 0.366 35 0.42±0.82 0.19±0.42 0.062
 ≥2 5 1.00±1.70 0.87±1.04 0.655 7 0.66±1.30 0.00±0.00 0.109
Comorbidity
 Without comorbiditya 22 0.38±0.91 0.27±0.61 0.244 28 0.58±1.05 0.09±0.33 0.009
 With comorbidity 14 0.02±0.09 0.07±0.14 0.317 14 0.24±0.46 0.29±0.47 0.798

Values are presented as mean±standard deviation.
IR, immediate-release formulation; ER, extended-release formulation; AED, antiepileptic drug; LEV, levetiracetam.
aP<0.05 in the comparison of missed dose frequency.

Table 4. Patients’ feelings about compliance and satisfaction

Variable No. (%)
Satisfaction (n=26)
 Satisfied 25 (96.2)
 Same as before 1 (3.8%)
 Unsatisfied 0
Compliance (n=24)
 Better compliance 13 (54.2)
 Same as before 11 (45.8)
 Worse than before 0

https://doi.org/10.26815/acn.2020.0029064
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other AED ERs, such as carbamazepine, oxcarbazepine, topira-
mate, valproate, lamotrigine, and LEV, have been marketed and 
used widely [10]. ER formulations have potential advantages com-
pared to IR drugs. They may have a higher compliance, better effi-
cacy, less adverse events, and, as a consequence, reduced healthcare 
costs [18]. Higher compliance might be achieved by reducing dos-
ing frequency. In a meta-analysis of results from six studies, 
once-daily dosing had significantly better compliance than more 
than once-daily dosing (odds ratio, 3.50; 95% confidence interval, 
1.73 to 7.08; P < 0.001) [4]. This is also true for epilepsy patients. 
Doughty et al. [19] found that switching from valproate IR to ER 
results in improvement of compliance, reduction of seizure fre-
quency, and less reported adverse effects. Similar results were re-
ported in patients taking carbamazepine ER [20]. Regarding LEV 
ER, Wu et al. [11] reported significant improvements in quality of 
life by using the European Quality of Life-5 Dimensions question-
naire. Our study showed significant improvements (P = 0.021) in 
compliance when patients were taking LEV ER medication, which 
is compatible with previous studies. Additionally, we investigated 
how patients felt about switching, and most patients were satisfied 
with LEV ER. However, about half of the patients felt their compli-
ance was unchanged. This may be due to the considerable number 
of patients (10 of 24, 41.7%) who did not miss doses prior to 
switching formulations. Higher satisfaction may lead to better 
compliance. 

Enhanced control of seizures and less adverse effect can be 
achieved by a relatively stable concentration of ER drugs. Serum 
concentrations of IR drugs have more frequent peaks and troughs, 
where peaks are associated with adverse events and troughs are as-
sociated with seizures, especially in patients having a lower seizure 
threshold [21]. In addition to the above-mentioned reports, previ-
ous studies showed that oxcarbazepine ER had a better tolerability 
and lamotrigine ER had a better efficacy than IR formulation 
[22,23]. Currently, there is no evidence that LEV ER is more effec-
tive in seizure control than IR. In one placebo-controlled trial using 
indirect comparisons and meta-analytic techniques, LEV ER had 
significantly lower rates of treatment-emergent adverse events in 
the nervous system, psychiatric disorders, and metabolic and nutri-
tional disorders than IR [24]. Our study showed a lower average 
seizure frequency during the ER period than the IR period, but it 
was not statistically significant. As most of the included patients 
were taking LEV IR for a long time without complications, we can-
not compare the probability of adverse events between IR and ER. 
However, LEV ER could be associated with following adverse 
events. Two patients had dyspepsia and dizziness, which were tol-
erable and became normal as medication compliance continued. 
Two other patients had serious psychiatric adverse events, which 

were suicidal ideations and visual hallucinations, respectively. Both 
patients had been taking LEV IR over 5 months, and we could not 
evaluate serum concentrations of LEV at the time of the adverse 
events. It is unclear if LEV ER was the causative agent; however, it 
cannot be overlooked, since LEV is commonly associated with be-
havioral adverse effects, such as depression, hostility, and anxiety 
[15]. Many studies showed that ER drug has better tolerability 
than IR drug [25]. However, they also showed that many patients 
reported adverse events in the ER period, although less frequently 
than IR period [26-28]. Short-term follow-up and careful monitor-
ing may be needed during the transition time. Although pharma-
cokinetic profiles of LEV ER are similar to IR, IR medication still 
leads to more peaks and troughs of serum concentration than ER-
like drugs [12]. It may be possible to enhance our understanding 
of the efficacy of switching patients from LEV IR to LEV ER by 
performing larger-scale long-term follow-up studies. 

It has previously been believed that there is a higher probability 
of seizures when patients missed an ER drug that is 100% of the 
entire day’s dose, instead of 50% in a twice-daily dose with an IR 
drug [29]. However, in a pharmacokinetic simulation study of se-
rum drug concentrations following dosing irregularities with topi-
ramate IR and ER, serum trough levels were only slightly lower for 
the ER drug when comparing missed doses [30]. In our study, 
missing dose-related seizures were four of 39 seizures in the IR pe-
riod and two of 29 in the ER period. Although these data were not 
statistically evaluated, more missing dose-related seizures occurred 
in the IR period. 

To our knowledge, this is the first study directly comparing LEV 
IR and ER from the aspect of compliance. Furthermore, there was 
no significant difference in seizure frequency, which was indepen-
dent of other clinical characteristics, especially seizure type. The 
results of our study suggested that LEV ER is a better choice than 
IR, especially in patients with poor compliance. 

Our study had some limitations. First, since this is a retrospective 
study, it was possible to omit events if the patient did not report 
them at that time. In particular, some patients might want to hide 
incorrect behavior, such as skipping medicine. However, similar to 
other epilepsy clinics, our clinic routinely check compliance, sei-
zure occurrence, and adverse events. Second, many enrolled sub-
jects were relatively well-controlled for seizures. There might be a 
selection bias toward patients having a higher seizure threshold. 
These patients were less likely to be affected by the trough level of 
serum drug concentration. This could be one reason for the results 
of similar efficacy between IR and ER. Furthermore, improved 
compliance was not led to better efficacy. These patients may be 
less affected by improved compliance in 3 months which was rela-
tively short time. Third, because this study is from a single center 
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and it is a small-scale study, the statistical power is limited. 
Our study shows that LEV ER has an efficacy similar to that of 

IR formulations. The reduced number of medication doses im-
proved patient satisfaction and medication compliance. ER drugs 
may have other advantages over IR, such as higher efficacy and tol-
erability. LEV ER may be the better option for adolescent epilepsy 
patients, especially those who have poor medication compliance. 
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Purpose: Syntaxin-binding protein 1 (STXBP1) mutations are known to result in various pheno-
types including Ohtahara syndrome, West syndrome, and autism, collectively referred as STXBP1 
encephalopathy. This study aimed to expand our understanding of the genotype–phenotype 
spectrum of STXBP1 encephalopathy in the Korean pediatric population. 
Methods: Ten patients with STXBP1 mutations were enrolled for a retrospective chart review. The 
patients were investigated for developmental delay of unknown cause and epileptic encephalop-
athy at a single center. 
Results: Ten different STXBP1 mutations were identified. Three mutations had not previously 
been reported (c.1212A>C, c.1497C>G, c1030-2A>G). Eight patients showed early-onset epilep-
tic encephalopathy as the main feature, while the main feature was developmental delay and 
non-epileptic movements in two patients. The most commonly seen electroencephalographic 
change was focal/ multifocal epileptiform discharges, which were observed in nine patients 
(90%). The classical burst-suppression pattern was observed in four patients, two of which 
evolved to show hypsarrthymia. All patients with seizures had drug-resistant epilepsy. The pa-
tients suffered from severe developmental delay regardless of seizure frequency. Six patients 
showed an associated movement disorder or behavioral disorder. 
Conclusion: This study describes the STXBP1 encephalopathy patients in Korean pediatric popula-
tion, further expanding knowledge of its phenotype spectrum. 

Keywords: STXBP1 protein, human; Pediatrics; Epilepsy; Developmental disabilities  
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Original article

Introduction 

Developmental and epileptic encephalopathy is a concept to ac-

knowledge that many genetic disorders show developmental im-
pairment as a direct consequence of the genetic mutation, in addi-
tion to the detrimental effect of the frequent epileptic activity on 
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brain development [1]. In the era of next generation sequencing, 
increasing monogenic causes for developmental and epileptic en-
cephalopathy are being discovered, providing us with new insight 
to its underlying patho-genetic mechanisms. 

Syntaxin-binding protein 1 (STXBP1) (also known as MUNC18-
1) is a member of the membrane trafficking proteins predominantly 
expressed in the brain, which is important for docking and fusion 
of the synaptic vesicles [2]. There is approximately 200 cases re-
ported in the literature until date, mostly being de novo heterozy-
gous mutations [3]. STXBP1 mutation was first described in 2008, 
in patients with early infantile epileptic encephalopathy with sup-
pression-burst (EIEE), or Ohtahara syndrome [4]. Subsequent 
studies showed that STXBP1 mutation is responsible for approxi-
mately 22% of cases with Ohtahara syndrome, 6% of non-syn-
dromic early onset epileptic encephalopathy and 2% of West syn-
drome [4-7]. Due to the expanding phenotype STXBP1 encepha-
lopathy was suggested to be more appropriate [8]. 

Recognition and classification of diverse phenotypes arising in 
STXBP1 mutation is crucial to guide future management options. 
Here, we report 10 patients with STXBP1 mutation from a single 
center and summarize the detailed clinical features, with the aim to 
expand its phenotypic spectrum in Korean pediatric population. 

Materials and Methods 

Patients with STXBP1 mutation were identified from a cohort of 
198 pediatric patients with developmental and epileptic encepha-
lopathy of unknown etiology. Patient cohort was selected from the 
Division of Pediatric Neurology of the Seoul National University 
Children’s Hospital from September 2012 to May 2019. All the pa-
tients had no obvious etiology based on clinical features, neuroim-
aging and metabolic screening. The first-tier test included chromo-
somal microarray or targeted multi-gene panel. Whole exome se-
quencing was conducted as a first-tier test as well as a second-tier 
test, in selected cases based on the decision of the child neurology 
expert consortium. Variants were evaluated and classified accord-
ing to the guideline proposed by American College of Medical Ge-
netics (ACMG) [9]. ClinVar database was searched for past variant 
reports [10]. Population frequency of variants were determined 
using 1000genome, ExaC, and gNomad database. 

STXBP1 sequencing was performed on DNA from probands 
and family members using the Sanger method to identify parental 
origin whenever possible. Information obtained from medical re-
cords include age at seizure onset, symptoms at onset, duration 
from onset to diagnosis, previous diagnosis and treatment, associ-
ated psychiatric and behavior symptoms, response to antiepileptic 
drug (AED) treatment and developmental outcome. Each patient’s 

electroencephalography (EEG) was obtained and analyzed. Sei-
zure types and epileptic syndromes were classified according to the 
2017 International League Against Epilepsy guidelines [1]. 

The study protocol was approved by the Institutional Review 
Board of Seoul National University Hospital (IRB No.H-2001-
134-1096), and the study was conducted in accordance with rele-
vant guidelines and regulations. Written informed consent by the 
patients was waived due to the retrospective nature of our study.

Results 

1. Genetic identification of STXBP1 mutations 
Total of 10 different variants were identified in 10 patients (Table 1 
and Fig. 1). Four variants were missense mutations, another four 
variants were nonsense mutations, and two variants were splicing 
mutations. Three novel variants (c.1212A > C, c.1497C > G, 
c.1030-2 A > G) and seven variants previously reported as patho-
genic [3,8,11-15] were identified. All novel variants were not found 
in either 1000Genomes or ExAC control database. Total of eight 
patients’ parental DNA sample were available for segregation anal-
ysis. All eight patients tested harbored de novo mutation. 

2. Clinical characteristic of STXBP1 mutations 
The clinical characteristics of 10 patients with STXBP1 mutations 
are summarized in Table 1. Patient’s median age was 7 years old 
(range, 1 to 11). Head circumference was normal in all patients. 
Brain magnetic resonance imaging from all patients did not show 
remarkable abnormalities. Among 10 patients, nine patients had 
confirmed electroclinical seizures. The median age of seizure onset 
was 6 months old (range, 3 days to 7 years). Three patients showed 
neonatal onset seizures, presenting within 1 month of age and oth-
er five patients presented as early onset epilepsy, presenting with 
seizures before the age of 3 years. In remaining two patients seizure 
was not a main clinical feature; patient 6 was being followed up for 
global developmental delay and ataxia before his first seizure at age 
of 7 years. Patient 7 never had clinical seizures until the age of 8 
years at last follow-up, but suffered from head dyskinesia, bruxism, 
and hand stereotypy. 

All patients showed significant global developmental delay re-
gardless of seizure frequency. All domains of development were 
delayed, but the language domain was always more severely affect-
ed compared to the motor domain. Only one patient was able to 
achieve any word output, whereas four patients achieved the mile-
stone of walking. Three patients (patient 4, 6, 7) were already be-
ing followed for a global developmental disorder before seizure oc-
currence. Two patients (patient 6, 7), who’s seizure was not a dom-
inant feature, showed clear developmental regression during fol-
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low-up. In patient 6, motor function deterioration was observed af-
ter seizure onset, which progressed to worsening ataxia and dys-
phagia. Patient 7 showed developmental regression being evident 
at the age of 2 years without any clinical seizures, which lead to ini-
tial misdiagnosis as Rett syndrome. 

Six patients showed additional symptoms other than seizure. Be-
havior problem was seen in five patients showing autistic like fea-
tures including hyperactivity/disruptive behavior (n = 3), bruxism 
(n = 2), hand stereotypy (n = 2). Neurologic symptoms were seen 
in three patients, including tremor (n = 2), ataxia (n = 1), dystonia 
(n = 1), hypotonia (n = 1), and dyskinesia (n = 1). 

Four patients (patient 1, 3, 5, 8) were initially diagnosed as EIEE 
(or Ohtahara syndrome) with background burst-suppression pat-
tern with multifocal spikes. Two patients (patient 3, 5) went on to 
develop hypsarrythmia with epileptic spasms and diagnosis was 
changed to West syndrome. A total of six patients (patient 1, 2, 4, 6, 
9, 10) eventually evolved to unspecified epileptic encephalopathy 
with focal and multifocal spike discharges (Fig. 2). Patient 7 
showed irregular high amplitude delta activities in the background 
activity. All patients except patient 7 (n = 9) showed either focal or 
multifocal epileptiform discharges in EEG. 

Tonic seizure was the most common type seen (n = 8), but mul-
tiple types of seizure semiology are observed including epileptic 
spasms (n = 4), myoclonic (n = 2), and behavior arrest (n = 2) sei-
zure. Six patients overall showed more than one type of seizure se-
miology. 

Regarding treatments, all patients with epilepsy were refractory 
to antiepileptic medications, requiring more than two types of 
AEDs, and none achieved seizure freedom through medication. Of 
note, patient 10 showed significance response to ketogenic diet, 
leading to cessation of all AEDs. 

Discussion 

Here we identified 10 Korean patients with STXBP1 mutation, 
which included three novel mutations. We described detailed phe-

notypes and genotypes of the patients with STXBP1 encephalopa-
thy. Due to its rarity, the clinical spectrum of STXBP1 encephalop-
athy is not yet well known, but recent large cohort study suggests 
that intellectual disability and epilepsy is the two main major com-
ponents of STXBP1 encephalopathy.  

Epilepsy was observed in 95% of STXBP1 encephalopathy pa-
tients. Among the patients with available information, about half 
was taking more than three AEDs and one-third was suffering from 
frequent seizure. On the other hand approximately one-third 
achieved seizure freedom [3]. Consistent with the above observa-
tion, nine patients (90%) in the current cohort showed epilepsy 
and all patients required more than two AEDs. 

In the same study, moderate to severe intellectual disability was 
observed in 88.4% of patient. Notably, developmental delay was 
present before seizure onset in 64.3%, and 7% of patients were ob-
served to have just developmental delay without any seizure. Other 
previous studies also observed that some degree of developmental 
delay was often observed prior to any seizure onset, thus it is con-
sidered an independent domain from epilepsy [3,12]. Indeed, in 
our cohort all patients showed profound developmental delay or 
severe intellectual disability and 30% of patients showed develop-
mental delay before seizure onset. 

However, it is often difficult to assess whether seizure activity or 
epileptiform discharges have any effect on developmental process 
or whether developmental delay is totally separate phenotype in 
STXBP1 encephalopathy. It was suggested that developmental re-
gression is rarely seen and does not seem to be related to seizure 
activity [3]. In the current cohort, patient 6 and 7 showed clear re-
gression during follow-up. Interestingly, both patients were differ-
ent from typical patients presenting with early onset epileptic en-
cephalopathy, as seizure was not their main feature and both 
showed predominantly non-epileptic movement symptoms. Pa-
tient 7 followed Rett syndrome like features with regression start-
ing at age of 3 with autistic features, and patient 6 showed many re-
semblances to the phenotype previously described as ataxia-trem-
or-retardation syndrome [16]. Patient 6 showed clear motor func-

Fig. 1. Positions of syntaxin-binding protein 1 (STXBP1) variants.
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tion regression after seizure onset with worsened ataxia and newly 
developed dysphagia. Above two patients support that seizure ac-
tivity and intellectual development are indeed independent do-
mains. 

STXBP1 encephalopathy was known to be most commonly as-
sociate with burst suppression and hypsarrhythmia, as it was ini-
tially described mostly in Ohtahara syndrome [11,12,17]. Howev-
er recent large cohort study suggest most commonly described 
changes are focal or multifocal activities, seen in 64% of the cases 
[3]. Our patients also showed that focal or multifocal epileptiform 
discharges were the most common finding (60%), and classical 
burst-suppression patterns were seen in only proportion of the pa-
tients (40%). However, patients who were followed up long term 
showed that patients with burst-suppression pattern often evolve 
to hypsarrhythmia or non-specific focal patterns. Thus it is possi-
ble some patients did have burst-suppression pattern at one point 
but was never recorded. The range of abnormal EEG findings was 
wide in the current cohort, and they showed little correlation with 
their developmental status or seizure activity, in accordance to pre-
vious reports [3,18]. 

The reason why the clinical presentation of patients with 
STXBP1 mutation varies so much is yet unknown. Previous evi-

dence supported the hypothesis that haploinsufficiency is the main 
pathogenic mechanism underlying STXBP1 encephalopathy, 
which may explain for such phenotypic heterogeneity [19]. How-
ever, there is growing evidence that STXBP1 mutation have more 
than one mechanism of pathophysiology. Recently, a homozygous 
STXBP1 mutation was found to cause Lennox-Gastaut syndrome, 
showing that STXBP1 also have a dominant-negative effect [20]. 
Thus mechanism of STXBP1 encephalopathy still needs much 
further research in the future. 

Another important aspect of STXBP1 mutation to consider is 
mosaicism. Both somatic and germline mosaicism of STXBP1 
mutation has been reported. It is interesting that focal epileptiform 
discharges are commonly seen in STXBP1 encephalopathy, espe-
cially since there were two reports of significant improvement of 
seizure with epilepsy surgery [8,21]. According to these reports, 
presence of focal cortical dysplasia have been confirmed by tissue 
pathology in both cases. One patient was confirmed to also harbor 
somatic mosaicism for homozygosity of STXBP1 mutations in the 
dysplastic tissue.  

Pathogenic role of somatic mosaicism on STXBP1 encephalopa-
thy is still unknown, but this finding suggest they may play an im-
portant role in cortical development. 

B

D

A

C

E

Fig. 2. Electroencephalograms of patients with syntaxin-binding protein 1 (STXBP1) mutations showing focal epileptiform discharges. 
(A) Patient 1, central area. (B) Patient 2, right fronto-temporal area. (C) Patient 3, right or left occipital area. (D) Patient 4, left temporo-
occipital area. (E) Patient 6, right frontal area.
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On the other hand, germline mosaicism can cause major prob-
lem in genetic diagnosis of STXBP1 mutation and in family genetic 
counseling. Germline mosaicism of STXBP1 has been reported 
previously from an unaffected parent of a patient [22,23]. Assump-
tion of de novo mutation based on parental Sanger sequencing 
maybe incorrect, as it is unlikely to detect low-rate mosaicism [24] 
.Therefore it is possible that unrecognized parental STXBP1 mosa-
icisms are present among the current cohort as well. Recently, the 
high fold coverage of next-generation sequencing allow for the de-
tection of even very low levels of mosaicism in the blood cells [25]. 
This has opened a new era of genetic testing, which will hopefully 
broaden our knowledge of mosaicism in STXBP1 encephalopathy. 

Current study has several limiting factors. Selection bias is pres-
ent due to primary identification of cases from pediatric clinics 
with significant epilepsy or developmental delay. Given the wide 
variety of phenotypes, it is plausible that there are cases of STXBP1 
encephalopathy with milder symptoms or different phenotype 
were overlooked. There are also possibility that patients with focal 
cortical dysplasia or other cortical malformation harbor STXBP1 
mutation and were never considered for genetic testing, in the ab-
sence of the classical features. 

In conclusion, STXBP1 encephalopathy showed a wide clinical 
spectrum of phenotypes from severe epileptic encephalopathy 
such as Ohtahara syndrome or West syndrome to unknown neu-
rodevelopmental retardation without epilepsy. Their seizure types 
and EEG findings are also diverse. Therefor it is important to con-
sider STXBP1 mutation even in patients without seizure, or pre-
dominantly focal EEG changes without history of burst suppres-
sion. Further research is needed to discover the full range of phe-
notypes of STXBP1 encephalopathy in order to elucidate underly-
ing disease mechanism. 
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Purpose: Through a study of rotavirus gastroenteritis (RVGE) cases experienced over 20 years at 
our center, we aimed to investigate changes in the ratio of rotavirus-associated benign convul-
sions with mild gastroenteritis (RaCwG) to RVGE and in patients’ demographics after rotavirus 
vaccination. 
Methods: We analyzed the data of patients aged ≤6 years who visited Inha University Hospital 
between January 1999 and December 2019 and were confirmed to have RVGE. Patients were di-
vided according to whether they had convulsions with mild gastroenteritis, and their demograph-
ics were compared. The yearly and monthly ratios of RaCwG to RVGE were evaluated. To investi-
gate the effects of rotavirus vaccination, data regarding demographics and prevalence were di-
vided into periods I (pre-vaccination, 1999–2009) and II (post-vaccination, 2010–2019) and 
compared. 
Results: Altogether, 2,100 children had RVGE, and 50 (2.4%) had RaCwG. RaCwG occurred fre-
quently every 4 to 6 years. Although the total number of RVGE and RaCwG cases significantly 
decreased in period II versus period I, the ratio of RaCwG to RVGE did not differ between the two 
groups (P=0.921). The age distribution shifted upwards in period II versus period I (P=0.001), but 
the sex ratio and seasonal distribution showed no significant difference. 
Conclusion: Considering that the ratio of RaCwG to RVGE is dynamic, an increase in the ratio of 
RaCwG may be possible in the future. Although there was no change in the ratio of RaCwG to 
RVGE, the number of RVGE and RaCwG patients decreased simultaneously, suggesting that rota-
virus vaccination was effective in preventing RaCwG. 
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Introduction 

Rotavirus gastroenteritis (RVGE) is a major form of acute gastro-

enteritis that is associated with a high hospitalization rate, resulting 
in 215,000 deaths in children under 5 years of age each year [1]. 
Children infected with rotavirus may have watery diarrhea, vomit-
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ing, and fever but symptoms are less severe in infants because of 
the protective effect of the maternal antibodies that are transferred 
through the placenta or through breast milk [2]. Prevention is im-
portant, as rotavirus infection is associated not only with enteric 
symptoms, but also with neurologic disorders such as seizures, leu-
koencephalopathy, meningoencephalitis and cerebelitis [3,4]. 

The most common neurologic complication of rotavirus infec-
tion is benign convulsions with mild gastroenteritis (CwG). CwG 
was reported for the first time by Morooka [5] in 1982 as mild gas-
troenteritis that causes afebrile convulsions without severe dehy-
dration, electrolyte imbalance, or hypoglycemia. Rotavirus-associ-
ated benign convulsions with mild gastroenteritis (RaCwG) is 
characterized by a short duration, and all episodes of clustered sei-
zures usually stop within 24 hours of seizure onset [6-9]. The un-
derlying pathological mechanisms remain unclear. Some research-
ers have attempted to detect neurologic disorders based on the 
presence of rotavirus RNA and antigens in the cerebrospinal fluid 
of infected patients [10-12]. Although CwG is frequently reported 
in East Asian countries, including Japan, South Korea, and Taiwan, 
it has also been recently reported in the United States and Europe 
[3,13-15]. Such convulsions are often associated with RVGE 
[5,16]. 

The prevalence of RVGE has decreased since the introduction 
of rotavirus vaccines [17,18]. In South Korea, RotaTeq (Merck & 
Co. Inc., West Point, PA, USA), a pentavalent vaccine, and Rotarix 
(GlaxoSmithKline Biologicals, Rixensart, Belgium), a monovalent 
vaccine, became available in June 2007 and March 2008, respec-
tively. However, rotavirus vaccines have not yet been incorporated 
into a national immunization program. Since then, the rotavirus 
vaccination rate exceeded 50% in 2009 and reached 84.5% in 2016 
[19,20]. 

Emerging data suggest that vaccines may not protect all popula-
tion equally. Females, in particular, typically develop higher anti-
body responses after vaccination [21]. Moreover, after rotavirus 
vaccination, changes in the age and the seasonal distribution were 
founded and a decreased prevalence of RVGE was observed 
[22,23]. However, studies investigating the demographic changes 
and ratio of RaCwG to RVGE have been scantily conducted. 

Thus, in this study, we focused on changes in the ratio of 
RaCwG to RVGE and the demographics after rotavirus vaccina-
tion through the examination of cases of RVGE that we have expe-
rienced over the past 20 years at a single center. 

Materials and Methods 

1. Participants and sample collection 
We assessed the medical records of patients with RVGE aged ≤ 6 

years who visited Inha University Hospital, which is a tertiary hos-
pital in Incheon with a population of 2.9 million people, between 
January 1999 and December 2019. RVGE was confirmed using 
immunochromatography, enzyme immunoassay, or reverse tran-
scription-polymerase chain reaction (RT-PCR). Patients infected 
with norovirus, enteric adenovirus or astrovirus were excluded. 
With reference to the diagnostic criteria suggested by Komori et al. 
[16], CwG was defined as follows: (1) afebrile seizure occurring 
within 5 days of acute viral gastroenteritis in previously healthy in-
fants and children; (2) absence of moderate or severe dehydration; 
(3) absence of abnormal findings in cerebrospinal fluid analyses, 
serum electrolytes, and blood glucose; and (4) cases with good 
prognosis. Being afebrile was defined as a body temperature below 
38.0°C when measured on the tympanic membrane or axilla. 
Findings of seizure were confirmed through the statement of care-
givers or others that observed the seizure, and neurological imag-
ing and electroencephalography results were confirmed through 
consultation with the Radiology and Pediatric Neurology Depart-
ments.  

To compare the demographics and ratio of RaCwG to RVGE 
before and after rotavirus vaccination, data were divided into peri-
od I ( January 1999 to December 2009) and period II ( January 
2010 to December 2019), because prescription of rotavirus vac-
cines was started in 2009 in our hospital and the rotavirus vaccina-
tion rate reached 50% in South Korea [19]. 

The rotavirus antigen detection test for stool samples was con-
ducted using immunochromatography assay kits (SD BIOLINE 
Rotavirus, Standard Diagnostics Inc., Yongin, Korea) until 2010 
and using enzyme immunoassay (RIDASCREEN Rotavirus, 
R-Biopharm Aktiengesellschaft, Darmstadt, Germany) between 
2011 and 2019. Rotavirus RT-PCR has been conducted using All-
plex GI-Virus Assay (Seegene, Seoul, Korea) since June 2014. 

This study was approved by the Institutional Review Board of 
Inha University Hospital (IRB No. 2020-04-012). Written in-
formed consent by the patients was waived due to a retrospective 
nature of our study. 

2. Statistical analyses 
Statistical analyses were performed using SPSS version 19.0 (IBM 
Corp., Armonk, NY, USA). Changes in the ratio of RaCwG to 
RVGE and the sex ratio were compared between periods I and II 
using chi-square tests, and the changes in season were compared 
using linear by linear association test. The age at onset was com-
pared between the periods using the Mann-Whitney U tests. P val-
ues < 0.05 were considered statistically significant. 
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Results 

1. Demographics of patients with RVGE and RaCwG 
Overall, 2,100 children were confirmed to have RVGE between 
1999 and 2019. Of these, 50 had RaCwG while 2,050 did not. The 
male-to-female ratio in children with CwG was 1:1.1 and of RVGE 
without CwG was 1:0.8. The median age was 23.0 and 10.0 
months in children with CwG and RVGE without CwG, respec-
tively. The age at onset was significantly lower in children without 
CwG than in those with CwG (P < 0.01). Seasonally, RaCwG was 
most common in winter (n = 28, 56.0%), followed by spring 
(n = 17, 34.0%) but RVGE without CwG was most common in 
spring (n = 772, 37.7%), followed by winter (n = 755, 36.8%)  
(Table 1). 

2. Yearly and monthly prevalence of RaCwG 
The ratio of RaCwG to RVGE was 2.43 per 100 RVGE cases. The 
ratio of RaCwG to RVGE increased most noticeably in 2011, 
reaching 6.19 per 100 RVGE patients and RaCwG occurred peri-
odically, almost every 4 to 6 years (Fig. 1). Regarding the monthly 
number of patients, RaCwG was common between December 
and April and was most common in January (n = 11, 22%). In con-
trast, no cases were noted in June, August, and October. RVGE 
without CwG was most common in March (n = 343, 16.7%) and 
least common in September (n = 58, 2.8%) (Fig. 2). 

3. Comparison of period I and period II 
There were 31 cases of RaCwG in period I compared with 19 cas-
es in period II. The male-to-female ratio was 1:1.4 in period I, with 
more female patients affected by RaCwG. Although there were 
more male patients in period II (male-to-female ratio, 1:0.7), the 
difference was not statistically significant (P = 0.273). The median 
age of the patient in period I and period II were 21 and 31 months, 
respectively. The age at onset was significantly higher in period II 
than in period I (P = 0.001). The ratio of RaCwG to RVGE was 
2.4% in period I as well as in period II, without any significant dif-
ference (P = 0.921). Regarding seasonality, RaCwG was common 
in winter during period I (n = 20, 64.5%) and in the spring during 
period II (n = 10, 52.6%), but there was no statistical significance 
(P = 0.052) (Table 2). Regarding monthly prevalence, in period I, 
the numbers of patients with RVGE with and without CwG were 
highest in January. In period II, the numbers of patients with 
RVGE with and without CwG were highest in March and April, 
respectively (Fig. 3).  

Table 1. Demographic characteristics of patients with RaCwG and 
RVGE without CwG

Characteristic RaCwG RVGE without CwG
No. of subjects 50 2,050
Sex
 Boys 24 (48) 1,160 (56.6)
 Girls 26 (52) 890 (43.4)
Age (mo) 23 (17–27.8) 10.0 (0–21)
Year
 1999 1 (2) 137 (6.7)
 2000 1 (2) 43 (2.1)
 2001 4 (8) 81 (4.0)
 2002 3 (6) 181 (8.8)
 2003 0 131 (6.4)
 2004 5 (10) 125 (6.1)
 2005 6 (12) 111 (5.4)
 2006 4 (8) 89 (4.3)
 2007 3 (6) 76 (3.7)
 2008 3 (6) 94 (4.6)
 2009 1 (2) 217 (10.6)
 2010 3 (6) 161 (7.9)
 2011 6 (12) 91 (4.4)
 2012 5 (10) 115 (5.6)
 2013 1 (2) 91 (4.4)
 2014 1 (2) 71 (3.5)
 2015 2 (4) 42 (2)
 2016 0 31 (1.5)
 2017 0 50 (2.4)
 2018 0 60 (2.9)
 2019 1 (2) 53 (2.6)
Season
 Spring 17 (34) 772 (37.7)
 Summer 1 (2) 269 (13.1)
 Autumn 4 (8) 254 (12.4)
 Winter 28 (56) 755 (36.8)

Values are presented as number (%) or median (interquartile range).
RaCwG, rotavirus-associated benign convulsions with mild gastroenteritis; 
RVGE, rotavirus gastroenteritis; CwG, convulsions with mild gastroenteritis.

Discussion 

This retrospective study included patients with RaCwG patients 
from a single center over an examined period of 20 years to deter-
mine changes in demographics and ratio of RaCwG to RVGE 
since the introduction of rotavirus vaccination. As a result, we 
found that RaCwG caused cyclic epidemics. After vaccination, the 
total number of patients with RaCwG decreased but there was no 
change in prevalence. In addition, change in demographics was 
found. 

RaCwG commonly occurs in winter and early spring in temper-
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wan, and 1.29% in Hong Kong [10,16,24,26]. In Korea, the report-
ed incidence was 5.6% [25]. In this study, the ratio of RaCwG to 
RVGE was 2.4%, similar to those reported by previous studies. 

RaCwG occurs between age 1 month and 6 years and peaks at 
age 1 to 2 years, [13,14,16,24,27] Similar to previous study, 
RaCwG was most common in 1-year-old patients, and the median 
age at onset was 23 months in this study. In addition, patients with 
RVGE without CwG were significantly younger than those with 
RaCwG. This result is different from the recent study using nation-
wide data in South Korea that reported the age of RaCwG was 
younger than RVGE. We suspected that this is due to this research 
being conducted at a single center and the total number of patients 
being small. Further studies on the age of RaCwG patients com-
pared to RVGE patients will be needed [28]. 

In this study, the ratio of RaCwG occurred frequently every 4 to 
6 years. Mycoplasma infection, which causes outbreaks every 3 to 
5 years, is known to contribute by gene divergences within the P1 

Table 2. Comparison between periods I and II

Variable Period I (%) Period II (%) P value
No. of subjects 31 19
Sex 0.273a

 Boys 13 (41.9) 11(57.9)
 Girls 18 (58.1) 8 (42.1)
Age (mo) 21 (16–23.5) 31 (23.5–34) 0.001b

Prevalence 2.4 2.4 0.921a

Season 0.052c

 Spring 7 (22.6) 10 (52.6)
 Summer 1 (3.2) 0 (0.0)
 Autumn 3 (9.7) 1 (5.3)
 Winter 20 (64.5) 8 (42.1)

Values are presented as number (%) or median (interquartile range).
aChi-square test; bMann-Whitney U test; cLinear by linear association.
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ate countries [6,24,25]. The ratio of RaCwG to RVGE differs by 
country: 2.6% to 2.9% in Japan, 3.7% in India, 2.1% to 5.0% in Tai-
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adhesin. Thus, we suspected that this was because of the increased 
prevalence in the local community of a certain genotype such as 
CwG. Previously, Yang et al. [29] found no significant difference 
between RaCwG and genotype in an analysis of 13 patients with 
RaCwG. However, Choi et al. [30] compared the genotype of 82 
rotavirus positive patients, of which 11 had neurologic complica-
tions, and G2P [4] was found to be significantly associated with 
neurologic complication. Considering the periodic outbreaks of 
RaCwG, an outbreak is possible in the future. Therefore, continu-
ous monitoring of RaCwG and genotypes is required. 

In this study, we observed cases for longer than 20 years and 
found that the ratio of RaCwG to RVGE, at 2.4%, was identical in 
periods I and II. However, the numbers of patients with RVGE and 
RaCwG decreased simultaneously. Moreover, patients with 
RaCwG were poorly observed after 2016. These results appear to 
be due to an increase in the vaccination rate in Korea. Therefore, 
we expect that the number of patients with RaCwG will decrease 
significantly as the use of rotavirus vaccines increases. 

After vaccination, previous studies reported changes in the de-
mographics of rotavirus. In Finland, rotavirus infection was most 
common in children aged < 5 years, but after the introduction of 
the vaccine, it became most common in children between the ages 
of 6 and 16 years and individuals over 70 years of age [31]. In addi-
tion, the start of the rotavirus season was delayed and the duration 
of the season was shortened after the rotavirus vaccination [32]. In 
this study, the age at onset of RaCwG was greater in period II than 
in period I. This may have been influenced by the higher preva-
lence in older children who have not received rotavirus vaccination 
in period II. In terms of seasons, RaCwG was more common in 
winter in period I and in spring in period II. This may be associated 
with the shift in peak in all RVGE cases from January in period I to 
March in period II. 

In RaCwG, previous studies reported female-dominant preva-
lence, with male-to-female ratios of 1:1.5 to 1.8 [24,25]. However, 
data in these studies were mostly from pre-rotavirus vaccination 
days. Similar to previous studies, the male-to-female ratio was 1:1.4 
in period I in this study, but RaCwG more commonly occurred in 
male patients in period II at a ratio of 1:0.7. Although this differ-
ence was not statistically significant, post-vaccination changes in 
the sex ratio should be monitered continuously.  

This study had some limitations. Data were collected only from 
a single center. Although G1P is the most common genotype in 
South Korea [33,34], common genotypes of rotavirus change de-
pending on season and geography [25,29]. Our study used data 
collected over 20 years, but an analysis of genotypes of RaCwG in 
various areas of South Korea is necessary. Furthermore, whether 
patients received vaccination could not be confirmed in their elec-

tronic chart data. If vaccination data were available, we would have 
been able to compare vaccinated and unvaccinated patients to in-
vestigate the effects of rotavirus vaccination, but we had to set dif-
ferent periods as the data were unavailable.  

Considering the ratio of RaCwG to RVGE over the past 20 years 
and its fluctuation, it may be possible in the future to increase the 
ratio of RaCwG. Therefore, continuous monitoring of RaCwG 
and its genotyping will be required. Although there was no change 
in the prevalence of RaCwG, both RVGE, and RaCwG decreased 
simultaneously. Thus, rotavirus vaccination was effective in pre-
venting RaCwG. As demographics such as patient sex, age, and 
season of RaCwG changed after rotavirus vaccination, further re-
search is required on this aspect. 
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Introduction 

Fever is the most common symptom indicative of serious infec-
tions among young infants, including neonates [1]. Although most 
febrile young infants have simple viral infections [2], bacterial in-
fections, such as urinary tract infections (UTIs), meningitis, and 

Purpose: This study evaluated the clinical and laboratory characteristics of infants ≤90 days old 
with meningitis who presented to the hospital with a fever. We also investigated whether initial 
C-reactive protein levels and white blood cell counts were reliable predictors of bacterial menin-
gitis. 
Methods: The medical records of 1,151 infants aged ≤90 days who visited our hospital with a fe-
ver between October 2009 and October 2019 were retrospectively evaluated. 
Results: Of the 1,151 patients, 274 (23.8%) had meningitis (bacterial, n=7; viral, n=206; pleocy-
tosis in the cerebrospinal fluid, n=136). Thirty-seven viral meningitis patients (18.0%) had a posi-
tive polymerase chain reaction result without pleocytosis in the cerebrospinal fluid. The patients 
without pleocytosis were significantly younger. Among the patients with only pleocytosis, 46 had 
a urinary tract infection, 22 had other viral infections, and the etiology was unknown in 68. 
Among patients with urinary tract infections, infants without pleocytosis were younger than 
those with pleocytosis. Low white blood cell counts (<5,000/mm3) were more frequently found in 
bacterial meningitis patients (n=7) than in viral meningitis patients. Furthermore, there were 
normal C-reactive protein levels (42.9%) and no pleocytosis (20%) in some cases of bacterial 
meningitis. 
Conclusion: Our findings show that meningitis is not uncommon among infants ≤90 days old 
who were brought to the hospital with complaints of fever. Furthermore, younger patients may 
not have cerebrospinal fluid pleocytosis, even if they have bacterial meningitis. Therefore, the pa-
tient’s condition should be monitored closely and, if necessary, a re-examination should be con-
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bacteremia, are not uncommon.  
Central nervous system infections, such as bacterial or viral men-

ingitis, frequently occur in young infants due to immature humoral 
and cellular immunity. Depending on the age at diagnosis, type of 
identified organism(s), and delay in treatment, central nervous sys-
tem infections can lead to several acute comorbidities, severe com-
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plications, and long-term disabilities, ranging from hearing loss to a 
permanent motor or cognitive impairment [3]. An early diagnosis 
of meningitis in younger infants is essential for correct treatment so 
as to reduce mortality and complications. 

Clinical signs and symptoms of central nervous system infec-
tions are often nonspecific in young infants. These symptoms in-
clude fever, hypothermia, food retention, skin lesions, irritability, 
or general malaise [4,5]. Therefore, blood and cerebrospinal fluid 
(CSF) analyses are performed to diagnose or rule out severe cen-
tral nervous system infections. A lumbar puncture (LP) with an 
analysis of the CSF profile might help the clinician differentiate be-
tween the presence or absence of meningitis and between bacterial 
or viral meningitis. CSF white blood cell (WBC) counts > 1,000 
cells/mm3 suggest bacterial meningitis [6]. The presence of CSF 
pleocytosis is usually diagnosed with meningitis. However, the ab-
sence of CSF pleocytosis in younger infants with enteroviral men-
ingitis has been previously reported [7-9]. 

In addition, serum C-reactive protein (CRP) levels, WBC count, 
and procalcitonin are commonly used inflammatory biomarkers in 
the blood. However, there is no consensus regarding their ability to 
distinguish between bacterial and viral meningitis [10]. 

In this study, we aimed to describe the biochemical characteris-
tics of CSF, blood, and urine in febrile infants ≤ 90 days old with 
meningitis. Furthermore, we compared the characteristics of the 
laboratory results in patients with meningitis after dividing them 
into two groups based on the presence or absence of pleocytosis in 
the CSF. 

Materials and Methods 

1. Study population 
The medical records of 1,172 patients of age less than 90 days who 
visited Inje University Sanggye Paik Hospital with a complaint of 
fever between October 2009 and October 2019 were retrospec-
tively evaluated. The study protocol was approved by the Institu-
tional Review Board of Inje University Sanggye Paik Hospital 
(2020-03-015). The requirement for informed consent was 
waived due to the retrospective nature of the study. 

Patients < 35 weeks gestational age (n = 7) and those with un-
derlying conditions (n = 14), including Cornelia de Lange syn-
drome (n = 1), cerebral infarction (n = 2), periventricular leukoma-
lacia (n = 1), Prader-Willi syndrome (n = 1), congenital cytomega-
lovirus infection (n = 1), and congenital hypothyroidism (n = 1), 
were excluded. Data regarding age, gestational age, sex, clinical 
characteristics, diagnosis, and all laboratory profiles, including 
blood, CSF, urine, and sputum were collected from all the patients. 

2. Laboratory tests and microbiological tests of CSF, blood, 
urine, and sputum 
For all included patients, all blood laboratory tests including initial 
WBC and CRP level checks were performed immediately after vis-
iting the hospital. The peak CRP was defined as the highest nu-
merical value by comparing all tests performed during hospitaliza-
tion, including the initial CRP. 

For all the included patients (n = 1,151), LP is usually performed 
after the initial blood test following which the platelet level is con-
firmed. In our study, LP was performed on 867 patients (74.3%). 
Of those 867 patients, 281 did not undergo CSF analysis due to 
traumatic tap or insufficient sample quantity, and one patient had a 
positive result for virus polymerase chain reaction (PCR) of en-
terovirus. Patients with traumatic LP were excluded from the CSF 
analysis. The detailed results are described in Fig. 1.  

All patients who received the LP were tested for bacterial culture 
and underwent real-time multiplex PCR (Seegene Inc., Seoul, Ko-
rea) for six types of viruses—cytomegalovirus, human herpesvirus 
6, Epstein-Barr virus, herpes simplex viruses 1 and 2, and varicel-
la-zoster virus—or reverse transcriptase PCR for enteroviruses 
(Seegene Inc.). 

Bacterial meningitis was defined as bacterial growth in the CSF. 
Viral meningitis was defined as either a positive PCR result or pa-
tients with age-adjusted CSF pleocytosis with a negative CSF cul-
ture or PCR results for a virus without UTIs or bacteremia. Coin-
fections were defined as meningitis accompanied by bacteremia, 
UTI, or other viral infections. 

CSF pleocytosis was defined as a CSF WBC count > 22 WBCs/
mm3 if the patient was < 4 weeks old; > 15 WBCs/mm3 if the pa-

Cerebrospinal fluid culture
cerebrospinal fluid 

polymerase chain reaction
Without  

pleocytosis
(n=252)

With  
pleocytosis

(n=217)

Fever
(n=1,151)

Lumbar puncture
(n=867)

Without cerebrospinal 
fluid analysis (n=281)

With cerebrospinal fluid 
analysis (n=586)

Non-traumatic tap
(n=469)

Traumatic tap  
(n=117)

Fig. 1. Flow diagram depicting the selection of the study population.
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tient was between 4 and 7 weeks of age; and > 5 WBCs/mm3 if the 
patient was ≥ 8 weeks old. UTI was diagnosed as a urine culture 
(collected by urethral catheterization) with more than 100,000 col-
ony-forming units/mL [11]. The growth of bacteria that are not 
commonly considered as pathogens (Staphylococcus epidermidis or 
coagulase-negative Staphylococcus) was classified as a priori as con-
tamination [12]. 

Patients with various types of meningitis were compared and an-
alyzed based on the presence or absence of pleocytosis in the CSF. 

3. Statistical analysis 
Continuous variables, including age and CRP, are expressed as the 
mean ± standard deviation and were compared using t-tests. Cate-
gorical variables, including sex and age group, were compared using 
a chi-square test or Fisher’s exact test. The comparison between 
the viral meningitis group and bacterial meningitis was performed 
a nonparametric test, Mann-Whitney U test. All statistical analyses 
were performed using IBM SPSS Statistics for Windows version 
25.0 (IBM Corp., Armonk, NY, USA). Statistical significance was 
defined as a P < 0.05. 

Results 

1. Characteristics of all included patients 
During the study period, 1,151 infants (630 [54.74%] males and 
521 [45.26%] females) were included. The cause of infection was 
identified in 724 (432 [59.67%] males and 292 [40.33%] females). 
LP was performed on 867 patients: meningitis (n = 274, 23.8%); 
UTI (n = 180); bacteremia (n = 24); and other viral infections 
(n = 347). The remaining 503 patients with unexplained fever were 
suspected of having a viral infection and they recovered without 
complications (Fig. 2). 

2. Characteristics of patients with all kinds of meningitis 
Of the 274 meningitis patients, 158 (57.7%) were males and 116 
(42.3%) were females. The mean age at symptom onset was 
52.85 ± 23.42 days (range, 1 to 90). Fifty-nine (21.5%) infants 
were ≤ 30 days old, 94 (34.3%) were 31 to 60 days old, and 121 
(44.2%) were 61 to 90 days old. Seven patients had bacterial men-
ingitis (Group B Streptococcus [GBS], n = 5; Escherichia coli, n = 2), 
206 had viral meningitis, and 136 had only pleocytosis in the CSF 
(Table 1). Of the 130 patients with viral meningitis who had a pos-
itive viral PCR test, 37 (17.9%) had a positive PCR result without 
pleocytosis in the CSF. Of the 136 patients with meningitis with 
only pleocytosis, 46 had a UTI, 22 were reactive in other viral in-
fections, and 68 were of an unknown etiology. The detailed infor-
mation is described in Fig. 2. 

3. Bacterial infections 
Among the patients with bacterial meningitis, except for two pa-
tients with traumatic tap who could not be included in the analysis, 
80% (4/5) had pleocytosis and 20% (1/5) had non-pleocytosis 
CSF. One patient who had non-pleocytosis with the initial WBC 
count and initial CRP in a normal range was later diagnosed with 
GBS meningitis. In addition, another patient with traumatic tap 
had CSF non-pleocytosis (CSF red blood cell count, > 20,000/
mm3; CSF WBC, 3/mm3). Therefore, 28.6% (2/7) of bacterial 
meningitis patients had non-pleocytosis. 

A comparison of the bacteremia patients with and without pleo-
cytosis in the CSF revealed that a significantly large proportion of 
patients without pleocytosis underwent LP < 24 hours after the 
onset of fever (10/11, 90.9%; chi-square test, P = 0.046). 

4. Comparison of viral meningitis with and without CSF 
pleocytosis 
Of the 191 children diagnosed with viral meningitis without trau-
matic tap, 81.7% (156/191) had CSF pleocytosis and 18.3% 
(35/191) had CSF non-pleocytosis (Table 2). The comparison of 
viral meningitis with and without pleocytosis showed no signifi-
cant difference in CRP (Table 2). However, patients without pleo-
cytosis were significantly younger (39.20 ± 22.64 days vs. 
54.19 ± 22.16 days, t-test P < 0.05) and had lower WBC counts 
(12,757 ± 5,358.75/mm3 vs. 9,134 ± 3,507.66/mm3, t-test 
P < 0.05). A greater proportion of patients without pleocytosis un-
derwent LP < 24 hours after the onset of fever (chi-square test, 
P = 0.006) than patients with pleocytosis (Table 2). The multivari-
ate logistic regression analysis showed that younger age, shorter in-
terval from fever onset to LP, lower WBC in the peripheral blood, 
lower CSF protein, and higher CSF glucose were independent pre-
dictors of CSF non-pleocytosis in viral meningitis in infants ≤ 90 
days old (Table 2). 

There were no patients with bad prognosis from viral meningi-
tis. However, one of the patients with bacterial meningitis died and 
one suffered from subdural empyema, but is developing normally 
without any sequelae. 

5. Characteristics of patients with UTIs 
Among the patients with UTIs, 7.8% had coinfection with 
PCR-positive viral meningitis, 25.6% had reactive pleocytosis in the 
CSF, and one patient (0.5%) had a co-infection with bacterial men-
ingitis. A comparison of the patients with UTI with and without 
pleocytosis in the CSF revealed that younger patients had a low rate 
of pleocytosis occurrence (56.23 ±20.41 days vs. 67.61 ± 13.59 
days, t-test P<0.05). A greater proportion of patients without pleo-
cytosis underwent LP <24 hours after the onset of fever (chi-square 
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Table 1. Clinical characteristics of febrile infants with meningitis 
(n=274)

Characteristic Value
All patients 274
Age (day) 52.85±23.42 (1–90)
Age group (day)
 0–30 59 (21.5)
 31–60 94 (34.3)
 61–90 121 (44.2)
Sex, male:female 158 (57.7):116 (42.3)
Bacterial meningitisa 7
 Group B Streptococcus (Streptococcus  

agalactiae)
5

 Escherichia coli 2
Viral meningitis with virus PCR positive in CSFb 130
Type of virus in cases with positive PCR in CSF
 Human herpesvirus-6 meningitis 1
 Enteroviral meningitis 129
Type of viral meningitis excluding patients  

without CSF analysis
113

 Viral PCR (+) in CSF with pleocytosis 76
 Viral PCR (+) in CSF without pleocytosis 37
Traumatic tap 16
Viral PCR (+) without CSF analysis 1
Only pleocytosis in CSF 136
 Unknown pleocytosis 68
 Reactive in urinary tract infection 46
 Reactive in other viral infection 22
 Reactive in bacteremia 1
Urinary tract infection with viral meningitis (virus 

PCR positive)
14

Values are presented as mean±standard deviation (range) or number (%).
PCR, polymerase chain reaction; CSF, cerebrospinal fluid.
aThis test includes Streptococcus pneumoniae, Haemophilus influenzae 
type b, Neisseria meningitides, group B Streptococcus, and Listeria 
monocytogenes; bThis test includes cytomegalovirus (CMV), human herpes 
virus 6 (HHV6), Epstein-Barr virus (EBV), herpes simplex virus 2 (HSV2), 
varicella-zoster virus (VZV), herpes simplex virus 1 (HSV1), and enterovirus.

test, P=0.001) compared to patients with pleocytosis. This further 
indicates that younger age and early examination correlate with the 
absence of pleocytosis. 

6. Comparison between bacterial and viral meningitis 
When comparing bacterial meningitis with viral meningitis, there 
were more cases of WBC count < 5,000/mm3 in patients with 
bacterial meningitis (chi-square test, P < 0.05) (Table 3). More-
over, the initial CRP levels (0.50 mg/dL [0.3–11.3] vs. 1.00 mg/
dL [0.3–13.9], respectively; Mann-Whitney U test, P = 0.024) 
(Table 3) and peak CRP levels (0.60 mg/dL [0.3–14.7] vs. 12.90 
mg/dL [6.8–26.7], respectively; Mann-Whitney U test, P = 0.000) 

(Table 3) were significantly different. Initial WBC counts < 5,000/
mm3 were more frequent in bacterial meningitis cases but CRP 
levels were significantly different between viral and bacterial men-
ingitis. However, among bacterial meningitis (n = 7), three patients 
(42.9%) had normal CRP level initially. 

Discussion 

It is challenging to differentiate between severe infection and be-
nign viral infections among infants aged ≤ 90 days reporting with a 
fever. Of the severe infections in young infants, central nervous sys-
tem infections are the most serious as they may lead to long-term 
morbidities. However, the most common infection of the central 
nervous system is aseptic meningitis. In a study of young infants 
with acute meningitis, almost 80% of infants were found to have 
aseptic meningitis [3]. In our study, 274 patients (31.6%) were di-
agnosed with meningitis. Of these, seven had bacterial meningitis, 
206 had viral meningitis, and 68 had pleocytosis in the CSF with 
an unknown cause (Table 1 and Fig. 1).  

Of the 191 children diagnosed with viral meningitis without 
traumatic tap, 18.3% had CSF non-pleocytosis. In particular, in-
fants with CSF non-pleocytosis were younger than those with CSF 
pleocytosis, suggesting a negative correlation with age (Table 2). 
Univariate analysis showed that a shorter interval from symptom 
onset to LP, lower CSF glucose, and lower WBC count in the pe-
ripheral blood were significantly associated with viral meningitis 
with CSF non-pleocytosis (Table 3). In our study, 28.6% of bacte-
rial meningitis patients did not have pleocytosis; however, the 
number of patients was too small to compare pleocytosis and no 
pleocytosis. Thus, it might be challenging to differentiate between 
bacterial and viral meningitis based on initial CSF analysis, as there 
might be overlaps in the CSF white cell count. 

Previous studies also showed some cases of enteroviral meningi-
tis without pleocytosis [7]. The proportion of patients with CSF 
non-pleocytosis in the case of enteroviral meningitis was approxi-
mately 30% of infants < 2 months of age in New Zealand [13] and 
in Missouri (USA) [14], and 31% in Pennsylvania (USA) [15]. In 
Korea, approximately 28% of infants < 3 months of age [16], 
63.3% of neonates, and 38.3% of young infants aged 29 to 56 days 
[8] had CSF non-pleocytosis in enteroviral meningitis. Mulford et 
al. [17] reported that 30% of infants < 2 months of age with en-
teroviral meningitis did not have pleocytosis. Although studies 
published so far have focused upon enteroviral meningitis and CSF 
pleocytosis, this study shows that various types of meningitis and 
not only meningitis caused by an enterovirus, may be related to 
meningitis without CSF pleocytosis in younger patients who were 
≤ 90 days old. 
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Table 2. Comparison of viral meningitis with and without pleocytosis in cerebrospinal fluid

Variable With pleocytosis (n=156) Without pleocytosis (n=35) P value Multivariate analysis 
Male 84 12 0.04a P>0.05
Female 72 23
Age (day) 54.18±22.23 39.20±22.64 0.00a P=0.00a

Exp(B)=1.07
(1.04–1.10)

Age group (day)
 <60 86 29 0.00a

 >60 70 6
Time interval from onset to LP (day) 0.84±1.09 0.43±0.82 0.04a P>0.05
 <24 hours 67 (42.95) 24 (68.57) 0.01a

CSF WBC (/mm3) 182.94±277.05 3.94±4.26 0.00a

CSF protein (mg/dL) 78.01±34.15 70.27±27.05 >0.05 P=0.00a

Exp(B)=1.04
(1.01–1.06)

CSF glucose (mg/dL) 49.39±12.56 55.11±11.02 0.01a P=0.03a

Exp(B)=0.96
(0.93–0.10)

Peripheral blood
 WBC (/mm3)
  <5,000 6 3 >0.05
  >15,000 49 3 0.01a

 Mean 12,792.56±5,357.56 9,134.57±3,507.66 0.00a P=0.01a

Exp(B)=1.00
(1.00–1.00)

Initial CRP (mg/dL) 1.10±1.64 1.06±1.02 >0.05 P>0.05
Peak CRP (mg/dL) 1.40±2.61 1.45±1.46 >0.05 P>0.05

Values are presented as mean±standard deviation or number (%).
LP, lumbar puncture; CSF, cerebrospinal fluid; WBC, white blood cell; CRP, C-reactive protein.
aP<0.05.

Table 3. Comparison between viral meningitis and bacterial meningitis patients

Variable Viral meningitisa (n=206) Bacterial meningitis (n=7) Comparison P value
Age (day) 53.00 (1–90) 27.00 (2–74) 0.03a

Sex >0.05
 Male 103 5
 Female 103 2
Time interval from onset to LP (day) 1.00 (0–7) 0.00 (0–1) >0.05
 <24 hours 100 (48.54) 6 (85.71) >0.05
CSF WBC (/mm3) 40.00 (0–1,360) 230.00 (2–1,970) >0.05
CSF protein (mg/dL) 74.65 (19–501.2) 111.40 (60.3–566.6) >0.05
CSF glucose (mg/dL) 49.00 (29–127) 52.30 (7.6–85.7) >0.05
Initial white blood cell count
 <5,000/mm3 10 (4.83) 2 (28.57) 0.01a

 >15,000/mm3 53 (25.60) 2 (28.57) >0.05
 Median 11,125 (1,540–27,120) 10,210 (1,790–31,810) >0.05
Initial C-reactive protein 0.5 (0.3–11.3) 1.0 (0.3–13.9) 0.02a

Peak C-reactive protein 0.6 (0.3–14.7) 12.9 (6.8–26.7) 0.00a

Values are presented as median (range) or number (%).
LP, lumbar puncture; CSF, cerebrospinal fluid; WBC, white blood cell.
aViral meningitis with viral polymerase chain reaction in cerebrospinal fluid (n=130)+reactive pleocytosis with other viral infection (n=22)+unknown 
pleocytosis in cerebrospinal fluid (n=68)-reactive pleocytosis with urinary tract infection (n=14).
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The mechanism of meningitis with non-pleocytosis in infants is 
still unclear. Seiden et al. [9] reported that CSF non-pleocytosis is 
associated with lower peripheral WBC counts and suggested this 
may result from a lack of sufficient cellular response to infections. 

In our study, the mean time interval from onset to LP was sig-
nificantly shorter in viral meningitis without pleocytosis. These re-
sults suggest that sufficient time may be needed for CSF pleocyto-
sis to develop. In other words, in the early stages of central nervous 
system infections, results may indicate non-pleocytosis if sufficient 
time has not passed to allow pleocytosis to develop [8,18,19]. 

Our study showed that 7.8% of UTI patients had coinfection 
with PCR-positive viral meningitis, 25.6% had reactive pleocytosis 
in CSF, and one patient (0.5%) had bacterial meningitis (E. coli). 
Previous studies have shown that sterile CSF pleocytosis is not rare 
in infants with a UTI undergoing LP (18% to 29% of patients); 
however, UTIs are rarely associated with bacterial meningitis 
[20,21]. It is thought that pleocytosis is a type of inflammatory re-
sponse to UTI and is the result of undetected viral infections 
[22,23]. In this study, among the patients with UTIs, infants with-
out pleocytosis were younger than those with pleocytosis. It is un-
known whether sterile CSF pleocytosis in UTIs is significant and 
further research on this topic is warranted. 

Meningitis may not always be accompanied by pleocytosis. 
Pleocytosis can be related to age, the interval from symptom onset 
to LP, and peripheral WBC counts. A comparison between viral 
meningitis and bacterial meningitis revealed that there were more 
cases of WBC count < 5,000/mm3 in patients with bacterial men-
ingitis (chi-square test, P < 0.05) (Table 3). This suggests that bac-
terial meningitis may present with relatively low WBC counts. Fur-
thermore, CSF non-pleocytosis may also be present. Although the 
initial CRP levels were significantly different between viral and 
bacterial meningitis (0.50 mg/dL [0.3–11.3] vs. 1.00 mg/dL [0.3–
13.9], respectively; Mann-Whitney U test, P = 0.024) (Table 3), 
initial CRP levels were normal in three cases of seven bacterial 
meningitis (3/7, 42.9%). Together, these results suggest that the 
distinction between viral and bacterial meningitis may be poten-
tially difficult in the early stages of disease onset, leading to delayed 
diagnosis. Therefore, the patient’s condition should be monitored 
closely and, if necessary, re-examinations should be considered. 

Excluding herpes simplex virus infections, most viral meningitis 
is known to be non-fatal. However, some cases of enterovirus, hu-
man herpesvirus 6 infections, and parechovirus [6,24,25] may be 
accompanied by CSF non-pleocytosis and may cause severe en-
cephalitis, which can be fatal or lead to further complications. 
Therefore, PCR tests to identify the specific virus that caused men-
ingitis are needed; these tests have the added benefits of reducing 
the need for further investigations, the number of medications pre-

scribed, and the length of hospital stay. 
This study has some limitations. As our work is retrospective in 

nature, a generalization of the results may not be appropriate. We 
did not obtain data of CSF examinations in all the included infants. 
Therefore, further prospective studies are necessary. 

In conclusion, we showed that meningitis is not uncommon 
among infants ≤ 90 days old who have come to the hospital with a 
fever. Furthermore, younger age may be negatively correlated with 
CSF pleocytosis in meningitis. Our results indicate initial CRP lev-
els may not be reliable predictors of bacterial meningitis and that 
initial leukopenia may be more dependable. Analysis of CSF or in-
flammatory markers in the peripheral blood is insufficient to diag-
nose meningitis and to also differentiate between viral and bacteri-
al source, and therefore, PCR tests for various viruses and bacteria 
may be necessary. Meningitis patients < 90 days old have non-spe-
cific symptoms and signs and often do not have CSF pleocytosis. It 
is crucial to closely monitor the patient's condition by analyzing 
whether the laboratory findings and clinical symptoms are consis-
tent. 
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Filamin A (FLNA) is involved in several funda-
mental processes surrounding cellular protrusion 
and motility [1]. Recent studies have shown that 
FLNA mutations can result in periventricular 
nodular heterotopia (PNH) [1], which is char-
acterized by the failure of neurons to migrate ap-
propriately during corticogenesis. This failure in 
migration causes nodular tissue formation in the 
ventricular lining of the brain [1]. It is known 
that FLNA mutation (Mendelian Inheritance in 
Man #3000049)-related PNH is usually inherit-
ed in an X-linked manner [2], such that hemizy-
gous males run a high risk of intrauterine and 
perinatal mortality, whereas heterozygous vari-
ant-afflicted females present variously from as-
ymptomatic to neurological symptoms (e.g., sei-
zure and weakness) that preserve psychomotor 
function [3]. However, the mechanism of FLNA 
interaction with migrating neurons remain un-
known [1]. 

Here, we report a case of an 8-month-old girl 
with FLNA-related PNH who was admitted for 
ocular deviation and unilateral motor weakness. 
She was previously healthy without a history of 
seizures and intellectual disabilities and had ap-
propriately reached developmental milestones. 
She had received an influenza vaccination 1 week 
prior to admission and experienced a fever for 3 
days after vaccination. A neurological examina-
tion showed reduced motor tone (grade 4) in 
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the left arm and leg. Cerebrospinal fluid analysis 
and laboratory results were normal; however, 
magnetic resonance imaging (MRI) of the brain 
revealed PNH in the bilateral ventricles as well as 
acute disseminated encephalomyelitis (ADEM) 
(Fig. 1). She presented no abnormal range of 
motion and definite skeletal abnormalities such 
as shortened digits or hyperflexible joints. Her 
echocardiogram showed mild aortic valve regur-
gitation (trivial–grade 1). Ophthalmologic eval-
uation was within the normal range without 
symptoms such as strabismus. She was adminis-
tered high-dose intravenous glucocorticoids 
therapy, and since it had little effect, was added 
intravenous immunoglobulin. In a follow-up 
brain MRI scan taken eight days later, corre-
sponding improvements were observed with re-
spect to acute neurological symptoms and 
ADEM lesions; however, the bilateral PNH re-
mained. To evaluate the genetic cause of the ce-
rebral lesions, we performed whole exome se-
quencing, but no significant single nucleotide 
variants were detected. So, copy number varia-
tion analysis were performed using the whole ex-
ome sequencing data. Heterozygous FLNA du-
plication (hg19 chrX: g.153,599,242–153,609,557) 
was identified and confirmed by quantitative re-
al-time polymerase chain reaction validation. Un-
fortunately, this report has limitations in that pa-
rental genetic testing has not been performed. 
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Few cases in male and female PNH with FLNA deletion have re-
cently been found. However, although there has been one reported 
case of PNH in a patient with a large duplication copy number 
variant that included the FLNA gene [3], this is the first reported 
case of a female patient with PNH who had duplications in exons 1 
and 2 of the FLNA gene. Thus, this study expands the genotype–
phenotype spectrum for FLNA variants associated with PNH. It 
also demonstrates the importance of using diagnostic tools for de-
tecting copy number gain as well as deletion and sequencing vari-
ants in the FLNA gene. 

Informed consent was waived by the board and this study was 
approved by the Institutional Review Board of Yonsei University 
Health System (IRB, 3-2020-0373). 
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Fig. 1. Brain magnetic resonance imaging scan in a female patient with filamin A (FLNA) gene duplication who had acute disseminated 
encephalomyelitis (ADEM) and periventricular nodular heterotopia. (A, C) T2-weighted images showing periventricular and subcortical 
white matter lesions in both the basal ganglia and thalami. (B, D) After 1 year, bilateral periventricular nodular heterotopia remained. the 
ADEM resolved.
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The misuse and abuse of fentanyl patches for 
chronic pain have been frequently reported. 
Such reports show side effects ranging from as-
ymptomatic to death [1]. However, there are no 
reports on brain and neurological damages re-
sulting from oral ingestion of such patches. Thus, 
we would like to report on this subject. 

A 10-month-old normally developed boy was 
admitted to emergency room of another hospi-
tal. He took a nap at 3:00 PM; however, did not 
wake up 3 hours. His presenting complaint upon 
arrival was as follows: severe drowsiness with in-
appropriate response to pain equivalent to a 
score of 6 on the Glasgow Coma Scale (GCS). 
His pupils were fixed, and both lower extremities 
showed spasticity on neurologic examination. 
The initial laboratory results showed lactic acido-
sis. Following oxygen supply, hydration, and so-
dium bicarbonate infusion, he showed irritability 
and a weak response to pain. Nonetheless, there 
was no spontaneous eye opening. He underwent 
emergent brain magnetic resonance imaging 
(MRI) that showed diffuse brain damage at the 
both frontal lobe, para-sagittal area, basal ganglia, 
occipital, and cerebellum (Fig. 1A and B). He 
was referred to Gangnam Severance Hospital for 
further treatment. 

The initial GCS score at Gangnam Severance 
Hospital was 8 (eye opening response, 2; best 
verbal response, 2; best motor response, 4). We 
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found a 12 µg fentanyl patch in his mouth during 
physical examination. After removing this patch, 
we administered naloxone for detoxification. An 
electroencephalogram (EEG) performed on the 
day 2 showed a diffusely slow and disorganized 
background, without epileptiform discharges. 
The GCS score increased to 10 (eye opening re-
sponse, 4; best verbal response, 2; best motor re-
sponse, 4). He had a seizure on the day 3. His 
arms alternatively became rigid, which later ad-
vanced to generalized tonic-clonic movement. 
He had ophthalmic examination due to lack of 
eye contact, which showed intact optic nerve. 
The brain MRI did not show any interval change 
on the day 11 (Fig. 1C and D). He could not 
control his neck or crawl. Despite residual neuro-
logical and visual impairment, his general condi-
tion improved, and he was discharged from the 
hospital. 

He received follow-up brain MRI and EEG af-
ter 2 months. The EEG showed no significant 
change. However, there were symmetrical cystic 
changes in the entire brain areas, mimicking the 
improved MRI results in hypoxic insults (Fig. 1E 
and F). His visual impairments improved 
enough for his eyes to follow objects, and his 
neurological deficit improved as well allowing 
him to control his neck or crawl. 

After 8 months, the brain MRI showed no in-
terval changes compared to the earlier brain 
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MRI. Furthermore, frequent sharp waves were seen in his EEG but 
there were no clinical seizures. Nevertheless, he could toddle and 
utter about three words. His sight improved enough to recognize 
and hold objects. The brain damage persisted while his neurologi-
cal and visual deficiency was recovering. 

In our case, the patient reported a neurologic change after orally 
ingesting a fentanyl patch. When a fentanyl patch is absorbed oral-
ly, the absorption of fentanyl is three times more than that ab-
sorbed through the stomach [2], which may be fatal to young chil-
dren. A few numbers of accidental misuse of opiate pills revealed 
cerebellar damages and edema that can be attributed to opioid mu 
receptor toxicity [3,4]. However, unlike previous cases, our case il-

lustrates overall brain damage from toxic leukoencephalopathy re-
sulting in neurological and visual deficits. Such injury was caused 
by the toxic leukoencephalopathy from fentanyl intoxication. 

This case of a 10-month-old illustrates that fentanyl intoxication 
may not only result in cerebellar damages and edema but also 
cause overall brain damage and neurological deficit in pediatric pa-
tients. We suggest that oral fentanyl intoxication should be consid-
ered as a differential diagnosis for children presenting with acute 
neurologic deficits showing diffuse brain damage due to toxic leu-
koencephalopathy on the brain MRI. 

This study was approved by the Institutional Review Board of 
Yonsei University Health System (IRB, 3-2020-0358). Informed 
consent was waived by the board. 
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Fig. 1. Magnetic resonance imaging (MRI) diffusion-weighted 
imaging (DWI) images. (A, B) This is the initial DWI image of 
brain MRI. High signal intensity is shown in frontal, para-sagittal, 
occipital, and cerebellum, which means acute infarction. (C, D) 
DWI, which was implemented after 10 days, is not much different 
from (A, B) and can identify toxic leukoencephalopathy pattern. 
(E, F) Two months later, brain MRI showed a symmetrical cystic 
change in the overall brain, which is also identified as toxic injury 
insult.
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The AarF domain containing kinase 3 (ADCK3) 
is a mitochondrial protein required for coenzyme 
Q (CoQ) biosynthesis. Loss of function muta-
tions in the ADCK3 gene cause coenzyme Q10 
(CoQ10) deficiency (#MIM 612016), resulting 
in mitochondrial dysfunction. Cerebella ataxia is 
its most common phenotype [1]. However, acute 
epileptic encephalopathy with stroke-like epi-
sodes has been reported in few cases [2]. Here, 
we report the case of a patient with novel 
ADCK3 mutations who presented with a hom-
onymous hemianopsia, stoke like brain lesions in 
brain magnetic resonance imaging (MRI). 

A 3-year-old girl presented with exercise intol-
erance, gait disturbance and occasional dysar-
thria following normal birth and development. 
Serum creatinine kinase and lactate dehydroge-
nase were elevated at 964 U/L (21 to 215) and 
3,427 IU/L (255 to 455). And serum lactate was 
high at 8.3 mmol/L (0.5 to 1.6). We observed 
ragged red fibers on muscle biopsy and identified 
mitochondrial respiratory chain complex 1 defi-
ciency from biochemical tests. She was diag-
nosed with a mitochondrial disorder. The first 
generalized tonic seizure occurred at the age of 6 
years and was administered anti-epileptic drugs. 
At 14 years of age, she presented with stroke-like 
episodes with severe headache, nausea, dysar-
thria, and left-sided hemianopsia. However, her 
brain MRI findings were normal. Electroenceph-
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alogram (EEG) showed frequent epileptic dis-
charges in the right occipital area. Those acute 
symptoms improved after 7 days of conservative 
management to reduce cerebral edema with hy-
perosmolar agent (mannitol) and high-dose cor-
ticosteroids. She reported another stroke-like ep-
isode with similar symptoms at the age of 18 
years. In addition, she experienced sudden 
left-sided homonymous hemianopsia and dysar-
thria concomitant with ataxic gait and exercise 
intolerance. We detected generalized tonic sei-
zure during her hospitalization. Repeated brain 
MRI showed focal areas of high-signal intensity 
in the right occipital lobe and dentate nucleus. 
Nonetheless, brain magnetic resonance angiog-
raphy showed no abnormal vascular lesion. 
While there were frequent sharp wave discharges 
from both occipital areas in EEG, a visual field 
examination showed ipsilateral left hemianopsia. 

Whole-exome sequencing was performed for 
accurate diagnosis because no significant variant 
was detected in the previous whole mitochondrial 
genome test. In this study, the compound hetero-
zygous mutations were identified, namely c. 655+ 
1G >A and c.1015G >A (p.Ala339Thr) in the 
ADCK3 gene (NM_020247.4 and NP_06463 
2.2). According to the American College of Medi-
cal Genetics and Genomics guidelines, c.655+ 
1G>A is a novel pathogenic variant and c.1015G 
>A is a likely pathogenic variant which has been 
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reported in a patient with a homozygote mutation [3]. The vari-
ants were confirmed by Sanger sequencing in the proband and 
both parents and considering the autosomal recessive inheritance 
of the ADCK3 gene, it is likely that the asymptomatic parents were 
carriers. After genetic diagnosis, she has been taking CoQ10 sup-
plements with 400 mg daily. 

Hemianopia and stoke-like lesions are common symptoms of 
mitochondrial encephalopathy, lactic acidosis, and stroke-like epi-
sodes (MELAS). In a patient suspected of mitochondrial cytopa-
thy with stroke-like lesions on brain MRI without pathogenic vari-
ants related to MELAS, it is recommended to consider testing for 
mitochondrial disorders caused by nuclear DNA mutations, in-
cluding the ADCK3 gene. 

ADCK3-related CoQ10 deficiency is a rare disease. Further-
more, the phenotype is neither classified systematically nor well 
known. Patients with ADCK3 mutations usually present with pro-
gressive cerebellar ataxia, exercise intolerance, and high-signal in-
tensity of the dentate nucleus. However, they rarely report cardio-

myopathy and nephrotic syndrome. In addition, her abdominal ra-
diography revealed ovarian calcification and a mature ovarian tera-
toma was confirmed by ultrasound findings incidentally (Fig. 1). 
There are no reports of a definite association with the ADCK3 
gene, which causes the deficiency of CoQ10, which plays an im-
portant role in antioxidant. 

To our knowledge, this is the first report of a patient with novel 
compound heterozygous ADCK3 variants in Korea who showed 
signs of ataxia, exercise intolerance, homonymous hemianopsia, 
dysarthria, and teratoma. This report aims to expand the under-
standing of the genotype-phenotype spectrum associated with 
ADCK3-related CoQ10 deficiency. 

This study was approved by the Institutional Review Board of 
Gangnam Severance Hospital (approval number: 3-2020-0393). 
Informed consent was waived by the board.
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Fig. 1. A patient with coenzyme Q10 deficiency diagnosed with compound heterozygous variants in the AarF domain containing kinase 3 
(ADCK3) gene: (A) a focal abnormal lesion with restricted diffusion at right occipital lobe; (B) increased signal intensity at right occipital 
lobe on T2 weighted image; (C) increased signal intensity at dentate nucleus on T2 weighted image; (D) homonymous hemianopia; and (E) 
ovarian teratoma.
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Chorea is uncommon clinical presentation in 
moyamoya disease (MMD); it can be present in 
3% to 6% of patients [1]. Although the mecha-
nism of development of chorea is unclear, isch-
emia of the basal ganglia, which could lead to 
post stroke abnormal movements is considered a 
dominant mechanism. A majority of chorea 
symptoms improve within 1 year of surgical re-
vascularization of the ischemic region. However, 
it is very rare that chorea develops after surgical 
revascularization. We report two adolescent cas-
es of new-onset hemichorea after diagnosis of 
MMD and bilateral bypass surgery. 

An 11-year-old boy (Patient A) had under-
gone bilateral bypass surgery for MMD. Four 
years after the bypass surgery, the patient was re-
ferred to our department for new-onset he-
michorea. Intermittent tremors began in the 
right arm and gradually worsened to become 
sporadic irregular, dance-like movements of he-
michorea, which resulted in twisting movements. 
One week later, the hemichorea progressed to in-
volve the right leg, which made walking difficult. 

A 16-year-old girl (Patient B) had undergone 
bilateral bypass surgery for MMD. Two years af-
ter the bypass surgery, she developed new trem-
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ors in the right hand. The tremors worsend to 
become invaluntary movement of right arm. 

We performed bilateral internal carotid artery 
angiography and perfusion magnetic resonance 
imaging (MRI) of the brain with gadolinium. At 
the first diagnosis, MRI of both patients revealed 
prominent network of collateral vessels in the 
basal ganglia as well as stenosis of the internal ca-
rotid artery. However, it was confirmed that 
there were no new lesions in the blood vessels 
and there was no reduction in brain diffusion 
and blood flow reserve compared with the previ-
ous findings (Figs. 1 and 2). We approached the 
cause of chorea not from the perspective of new 
brain vasculopathy but from that of the neuro-
transmission system. We considered the age vari-
ation of neuronal structure in the basal ganglia 
was the cause of chorea, which was not present 
at the time of diagnosis in children with MMD, 
occurs newly in adolescence. 

Neurons in the striatum in the basal nucleus 
exclusively regulate the activation and suppres-
sion of spontaneous behavior through direct and 
indirect pathways, respectively [2]. These path-
ways are regulated by the neurotransmitter dopa-
mine. The possible pathophysiological mecha-
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nism of chorea appears to be inactivity of the indirect pathways in 
the basal ganglia-thalamocortical motor circuits [3]. In the pres-
ence of striatal lesions, the inhibition to the lateral globus pallidus is 
weakened and the inhibition to the subthalamic nucleus is activat-
ed. Suppressed subthalamic nucleus results in less inhibition of the 
thalamus by the globus pallidus pars interna, thus, resulting in un-
wanted movements. This is the currently accepted hypothesis for 
basal ganglia dysfunction that causes chorea based on the excite-
ment of the thalamus against the cerebral cortex. 

In our patients, there was no chorea at the time of diagnosis of 
MMD; however, after bilateral bypass surgeries, there was new on-
set of chorea in adolescence. We believe that the cause was related 
to the changes in the pathways of the basal ganglia as the patients 
grew older. The nigrostriatal dopamine neurons and the compo-
nents of the basal ganglia demonstrate marked age-related varia-
tions in their functions and morphologies [4]. Striatal indirect 
pathways are functionally immature in the childhood and attain 

adult levels approximately around the middle of the second de-
cade. Therefore, even if there was a lesion in this area, if the struc-
ture of the lesion site was immature, the related symptoms would 
not appear initially. However, it is assumed that the associated 
symptoms appear when the lesion site matures with age. This is 
also consistent with the fact that the onset time of hemichorea in 
our patients was after the appearance of secondary sexual charac-
teristics. 

Cases of chorea are still difficult to manage because optimal ther-
apy has not been established. Prior studies have reported that anti-
convulsants including clonazepam, valproic acid, and carbamaze-
pine can successfully control myoclonic hyperkinesia in hunting-
ton’s disease and paroxysmal kinesigenic dyskinesia [5]. The 
mechanism of action of these agents in chorea is not well under-
stood. Inducing neuronal excitability appears to be involved with 
an imbalance of both dopaminergic and GABAergic neurotrans-
missions. Clonazepam has antidopaminergic effects that are medi-

Fig. 1. Images obtained in patient A after surgical revascularization. 
(A) Intertal carotid artery (ICA) angiography exposed the complete 
occlusion of right ICA, left anterior cerebral artery with basal 
collaterals. Good neovascularization was confirmed through 
indirect bypass surgery. (B) Brain perfusion magnetic resonance 
imaging showed no perfusion abnormality in brain parenchyma.

B

A

B

A

Fig. 2. Comparison of internal carotid angiography before 
and after surgical revascularization obtained in patient B. (A) 
Extensive network of collateral vessels that course through 
the basal ganglia before the bypass surgery. (B) Significant 
improvement in basal collateral after surgery.
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ated predominantly by the central-type benzodiazepine receptors 
in the central nervous system via GABAergic mechanisms. The 
mechanism of action of valproic acid and carbamazepine is be-
lieved to be via increasing brain GABA levels either with sodium 
channel blockage or with GABA agonistic effects. So we decided 
to use anticonvulsants with antidopaminergic effect. 

Patient A was started on clonazepam 0.5 mg and valproic acid 
600 mg per day. A week after starting the medications, the patient 
demonstrated significant improvements in hemichorea; the fre-
quency had decreased from approximately 20 to 10 episodes per 
day and the intensity was much weaker. Seven months later, his 
symptoms completely disappeared and the drug was stopped. 

Patient B was started on clonazepam 0.5 mg and carbamazepine 
400 mg per day. On the 4th day of starting the treatment, the pa-
tient demonstrated significant improvements; the right-hand trem-
or did not occur even once during the day or occurred weakly once 
or twice when there were many. After 4 months, the symptoms 
completely disappeared and the clonazepam was stopped. Since 
then, she is currently under outpatient follow-up. 

In conclusion, our case report suggests that anticonvulsants with 
antidopaminergic effects can be considered as a treatment for 
new-onset chorea in patients who have undergone bilateral surgical 
revascularization in MMD. This study was approved by the Re-
search Ethics Committee of Inha University Hospital (approval 
number: 2020-04-006). Written informed consent by the patients 
was waived due to a retrospective nature of our study. 
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Mega-corpus callosum is a rare radiological find-
ing. It is a characteristic finding of diseases such as 
Cohen syndrome, neurofibromatosis (NF), me-
galencephaly-polymicrogyria-mega-corpus callo-
sum (MEG-PMG-MegaCC, MIM#603387) 
syndrome or mega-corpus callosum syndrome  
with cortical malformations (MCC-CM, MIM 
#618273) [1]. Such diseases are characterized by spe-
cific phenotypes such as neurofibromas in NF; 
non-progressive mental retardation and micro-
cephaly in Cohen syndrome; megalocephaly and 
polymicrogyria in MEG-PMG-MegaCC; and 
normocephaly and cortical malformation, with or 
without cerebellar hypoplasia in MCC-CM. The 
knowledge of these specific phenotypes could fa-
cilitate the differentiation of these conditions from 
each other. However, MCC-CM has been report-
ed to be a phenotype of MEG-PMG-MegaCC [1]. 
The detection of pathogenic variants in the mi-
crotubule associated serine/threonine kinase 1 
(MAST1, MIM*612256) gene, which plays a role 
in human brain development and its relationship 
with neurodevelopmental phenotypes, has distin-
guished MCC-CM as a condition distinct from 
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Letter to the editor

MEG-PMG-MegaCC [2]. MCC-CM, which is 
caused by autosomal dominant heterozygous mu-
tations in the MAST1 gene, has been reported in 
less than 10 patients to date. Herein, we describe 
the first case of a male patient with MCC-CM with 
cerebellar hypoplasia in Korea. The diagnosis was 
based on the detection of MAST1 mutation via 
whole exome sequencing (WES). The patient’s 
other manifestations such as microcephaly and lack 
of secondary sexual characteristics have never been 
reported thus far. This study was approved by the 
Institutional Review Board of Inje University Bu-
san Paik Hospital (18-0041), and the data were 
presented without divulging the patient’s identity. 
Written informed consent was obtained from a pa-
tient.  

A 19-year-old man was the first of three children 
of healthy non-consanguineous parents. The pa-
tient was born via vaginal birth at 40 weeks’ gesta-
tional age, with a birth weight of 2.8 kg. Although 
his fetal movements were reduced, perinatal prob-
lems were not detected. He showed poor feeding 
and hypotonia with upward gaze during the neo-
natal period. He started to control his head at 1 
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year of age and sit without support when he was 3 years old. He ex-
perienced his first generalized tonic clonic seizure at the age of 8 
years, which recurred after 1 year. His mother recollected that mag-
netic resonance imaging (MRI) performed at that time revealed 
ventriculomegaly, and electroencephalography (EEG) showed 
slow background rhythms. He was administered topiramate, an an-
tiseizure drug, for 2 years but had been weaned off the medication. 
At the age of 17 years, he was referred to our hospital for the evalu-
ation of the recurrence of two febrile generalized tonic clonic sei-
zures lasting for 2 minutes. His development progressed slowly, 
and he could stand up with support. However, he exhibited lan-
guage and intellectual impairments and his speech consisted only 
of babbling. He had spastic diplegia with muscular atrophy in the 
lower extremities. He also exhibited microcephaly (52 cm, < the 
third percentile), low weight (32 kg, < the third percentile), and 
short stature (152 cm, < the 10th percentile). He also had facial 
dysmorphism (Fig. 1A), dolichocephaly, scoliosis, oculomotor 
apraxia, strabismus, and small testes without secondary sexual 
characteristics. MRI revealed a mega-corpus callosum, focal corti-
cal dysplasia, and cerebellar hypoplasia (Fig. 1B-D). Slow and dis-
organized background rhythms with parietal vertex sharp waves 
were observed on EEG. Laboratory investigations revealed vitamin 
D deficiency (25-hydroxy vitamin D3, 6.44 ng/mL; reference 
range, 30 to 150 ng/mL), abnormal gonadotropin-releasing hor-
mone stimulation (peak simulated luteinizing hormone, 16.5 
mIU/mL; reference range, 3.3 to 5 mIU/mL) and testosterone 
levels (0.039 ng/mL; reference range, 2.49 to 8.36 ng/mL), nor-

mal insulin-like growth factor (IGF)-1, and low IGF-binding pro-
tein-3 (2,860 ng/mL; range, 3,200 to 8,700 ng/mL). His karyotype 
was 46,XY, but microarray testing was not performed due to paren-
tal refusal. WES showed de novo heterozygous variants in MAST1 
(NM_014975.2:c.1549G>A). Sanger sequencing of these variants 
obtained from the peripheral blood of patient and his parents re-
vealed a de novo mutation in the patient, while both parents had the 
wild-type gene (Fig. 1E). He received valproic acid (750 mg daily) 
for recurring seizures and was seizure-free for 18 months. He also 
received vitamin D owing to deficiency detected on laboratory test-
ing and testosterone hormonal therapy for delayed puberty. 

MCC-CM due to MAST 1 mutation is characterized by delayed 
development, intellectual disability, impaired language abilities, 
and specific brain abnormalities (Table 1) [2-4]. Patients with 
MAST1 mutations can present with varying phenotypes, including 
MCC-CM, microcephaly and cerebellar hypoplasia, autism spec-
trum disorder, global developmental delay, and cerebral palsy [2]. 
Our patient exhibited MCC-CM and microcephaly, which were 
diagnosed by the detection of heterozygous variants in MAST1 
(c.1549G > A). MAST1 is expressed in multiple organs, including 
the spleen, kidney, testis, and skeletal muscle [2]. Our patient ex-
hibited small testes and lack of secondary sexual characteristics, 
which could be due to MAST1 mutations in the testes. 

MAST 1, located on chromosome 19p13.13, encodes a microtu-
bule-associated serine/threonine kinase protein expressed in the 
postmitotic neurons in the developing brain. This protein consists 
of an N-terminal domain of the unknown function (DUF1908), a 

Fig. 1. A male patient with mega-corpus callosum syndrome. (A) Facial dysmorphism (broad forehead, large and thick eyebrows, broad 
nasal bridge and tip, and a large mouth) and dolicocephaly. (B) Thick and dysplastic corpus callosum, particularly in the genu and anterior 
body (thin arrow) and pontine hypoplasia (thick arrow). (C) The severity of dysgyria is the highest in the posterior frontal and perisylvian 
regions. (D) The axial fluid-attenuated inversion recovery image shows a prominent ventral midline cleft of the pons (arrow) and 
cerebellar vermian hypoplasia (arrowhead). (E) Electropherograms from Sanger sequencing of the heterozygous variant in microtubule 
associated serine/threonine kinase 1 (MAST1) detected by whole exome sequencing of peripheral blood samples of the father, mother, 
and proband revealed a de novo mutation.

B

D

A
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serine/threonine kinase domain and a post-synaptic density pro-
tein-95/discs large/zona occludens-1 (PDZ) domain. It supports 
a PDZ-dependent interaction with other proteins and also inter-
acts with tumor suppressor phosphatase and tension homolog 
(PTEN) via the PDZ domain to facilitate the functioning of the 
phosphorylation of the interacting proteins [2,5]. We suggest that 
the reduction in PTEN function, which encodes a negative regula-
tor of the mechanistic target of rapamycin signaling pathway, may 
influence cortical malformation and social-behavioral problems 
because a significant reduction was observed in the levels of the 
MAST family of proteins in MAST1 mutant rodents compared to 
their wild-type counterparts [2]. Further research is needed to de-
termine the genetic function and mechanisms affecting the disease 
phenotypes. 

In conclusion, we report the first case of a Korean patient with 
MAST1 gene mutation leading to MCC-CM without secondary 
sexual characteristics.  
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Table 1. Clinical summary of patients with MCC-CM caused by MAST1 mutation

Variable Our case
Tripathy et al. (2018) [2] Rodriguez-Garcia 

et al. (2020) [3]
Hecher et al. 
(2020) [4] Total (n=9) (%)

P1 P2 P3 P4 P5 P6
Sex Male Male Male Female Female Female Female Female Female
Brain MRI finding
 Mega-corpus callosum + + + + + + + + + 100
 Cortical dysgenesis + + + + + + + + + 100
 Cerebellar hypoplasia + + + + + + + (–) (–) 77.8
 Brainstem hypoplasia + + + + + + + (–) + 88.9
Intellectual disability + + + + + + + + + 100
Speech impairment + + + + + + + + + 100
Motor dysfunction + + + + + + + + + 100
Hypotonia + + + + (–) (–) + + + 77.8
Seizure + (–) + (–) (–) + (–) + + 55.6
Facial dysmorphism + UK UK UK UK UK UK + UK UK
Short stature + + (–) (–) + (–) (–) + (–) 44.4

MCC-CM, mega-corpus callosum syndrome with cortical malformation; MAST1, microtubule associated serine/threonine kinase 1; MRI, magnetic resonance 
imaging; UK, unknown.
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Letter to the editor

Hydranencephaly is a rare and fatal central ner-
vous system (CNS) disorder, occurring in less 
than 1 per 10,000 births [1]. Cerebral hemi-
spheres are almost absent and replaced with ce-
rebrospinal fluid, but there is typically intact falx 
cerebri, thalamus, and cerebellum. Facial features 
and midline structures generally appear normal, 
distinguishing it from other CNS anomalies [1]. 
Most patients are stillborn or die within a few 
hours to months after birth, though long-term 
survival has been reported in rare cases [2]. Eti-
ologies may be related to infections, toxins, ge-
netics, or occlusive vascular lesion, but there are 
still many doubts about exact etiopathogenic 
mechanisms [1]. A previous case report briefly 
described the survival of a patient with hy-
dranencephaly born as one of monochorion-
ic-diamniotic (MCDA) twins [3]. However, 
there have been few reports on the neurological 
manifestations after survival especially as an ex-
tremely low birth weight (ELBW) infant of 
MCDA twins. Here, we report the clinical mani-
festations in a survived ELBW case of hydranen-
cephaly, in MCDA twins. 

The male patient was born at 33 weeks and 2 
days of gestation. The birth weight was 840 g, 
height 33 cm, and head circumference (HC) 
20.8 cm. His identical twin was born without any 
congenital anomalies and his birth weight was 

1.7 kg (20th percentile). Prenatal ultrasound re-
vealed the presence of fetal hydrops and brain 
ischemic insult. There was no maternal history 
of infections or exposure to toxins during preg-
nancy. Termination of pregnancy was avoided 
due to the possibility of intrauterine fetal death 
of the co-twin. The patient’s Apgar score was 7 at 
1 minute and 9 at 5 minutes. Physical examina-
tion at birth showed microcephaly, corneal opac-
ities, anonychia of feet, but normal facial appear-
ance (Fig. 1). He had stable spontaneous breath-
ing and actively responded to external stimuli. 
Diagnostic tests were delayed due to his parents’ 
initial refusal. As he was still alive with minimal 
care, further tests were performed. Brain ultraso-
nography performed at 18 days of age showed 
that supratentorial brain structures were almost 
absent, with the presence of only a small rem-
nant of frontal lobe-like areas. At 28 days of age, 
37+2 weeks of postmenstrual age (PMA), he 
started showing some sucking movements, and 
echocardiography was normal. Glaucoma on 
both eyes was detected by eye consultation at 38 
days of age. At 41+2 weeks of PMA, a full dose of 
bottle feeding was possible, and automated audi-
tory brainstem response test was normal. At 46+3 
weeks of PMA, brain magnetic resonance imag-
ing revealed the presence of the bilateral frontal 
lobes, small in size and displaced. A large cystic 
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area was observed in the brain, extending to the 4th ventricle with 
an asymmetric enlargement, with spared falx cerebri. The cerebel-
lum and brainstem were within normal limits, and the lens in the 
left eyeball was not visualized (Fig. 2). Karyotype was a normal 
46XY. On neurological examination, motor power showed grade 5 
in all extremities, the muscle tone and deep tendon reflexes were 
normal. No pathologic reflexes were present. At 47+2 weeks of 
PMA, he was discharged with a weight of 3.8 kg ( < 3rd percentile), 
height 47.8 cm ( < 3rd percentile), and HC of 31.5 cm ( < 3rd per-
centile). At 6 months of age, on the last outpatient visit, he showed 
a weight of 6.7 kg (10th percentile), height 59.7 cm ( < 3rd percen-
tile), and HC of 37.5 cm ( < 3rd percentile). He was still actively 
responded to external stimuli but showed fontanelle bulging and 
mild bilateral proptosis. He couldn’t control his head and showed 
truncal hypotonia, but no spasticity of extremities. 

In this case, we describe the clinical course of ELBW infant with 
hydranencephaly, in MCDA twins. Previous studies suggested that 
early severe bilateral internal carotid artery occlusion may induce 

hydranencephaly [1,2]. However, MCDA twins have unique, dif-
ferent mechanisms, such as selective fetal growth restriction and 
twin-to-twin transfusion syndrome [4]. In an adverse position of 
the MCDA twin, exposure to hypoxia at some point in the fetal de-
velopment process may lead to massive tissue necrosis with large 
cavitation. Rarely, patients with prolonged survival have been re-
ported. Hence, documentation of neurologic conditions of surviv-
al in infants with hydranencephaly is essential for appropriate pa-
rental counseling on the possibility of prolonged survival and 
about the decision making of medical treatment. 

Ventriculoperitoneal shunt or choroid plexus cauterization in in-
fants can reduce brainstem compression and improve survival [2]. 
A retrospective study on 50 cases of hydranencephaly showed that 
the average life expectancy had increased due to appropriate medi-
cal and surgical treatments to 7.5 years in 58% of the subjects [1]. 
Bae et al. [5] reported the case of a patient with hydranencephaly 
who survived for 22 years and 6 months. They suggest that such 
patients can live beyond adolescence to adulthood. However, even 

B DA C

Fig. 1. General appearance of the patient at 46 weeks of postmenstrual age. (A, B) He showed microcephaly, but normal facial 
appearance. (C, D) He had anonychia of feet.

B DA C

Fig. 2. Brain magnetic resonance imaging of the patient. (A) T1-weighted sagittal image showed the cerebral hemispheres replaced by 
cerebrospinal fluid, but cerebellum and brainstem were within normal limits. (B) T2-weighted coronal and (C) axial image presented 
cystic area extending to the 4th ventricle with an asymmetric enlargement, with spared falx cerebri. (D) The lens in the left eyeball was 
not visualized on T2-weighted axial image.
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if surgery may prolong their lives, patients and their families face 
serious medical conditions due to recurrent pneumonia, seizures, 
intellectual disabilities, and spastic paralysis throughout the rest of 
their lives [1]. Counseling parents about poor prognosis and possi-
ble management options helps them to prepare for potential out-
comes. 

This study was approved by the Institutional Review Board of 
Kandong Sacred Heart Hospital (2020-12-004). Written informed 
consent by the patients was waived due to the retrospective nature 
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Journal Editors (ICMJE) “Recommendations for the Conduct, 
Reporting, Editing, and Publication of Scholarly Work in Medical 
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Scholarly Publishing (joint statement by COPE, DOAJ, WAME, 
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for important intellectual content; 3) final approval of the version 
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integrity of any part of the work are appropriately investigated and 
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contributing to the manuscript.
A list of each author’s role and ORCID ID should accompany 

the submitted paper.
The corresponding author takes primary responsibility for 

communicating with the journal during the manuscript submission, 
peer review, and publication process and typically ensures that 
all the journal’s administrative requirements, such as providing 
details of authorship, ethics committee approval, and clinical trial 
registration documentation and gathering conflict of interest forms 
and statements, are properly completed, although these duties may 
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paper even after publication.

2. Originality, plagiarism, and duplicate publication
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of the accepted manuscript should not be duplicated in any other 
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although the figures and tables can be used freely if the original 
source is verified according to Creative Commons license. It is 
mandatory for all authors to resolve any copyright issues when 
citing a figure or table from other journal that is not open access.

Submitted manuscripts are screened for possible plagiarism 
or duplicate publication by Crossref Similarity Check (https://
www.crossref.org/get-started/similarity-check/) upon arrival. If 
plagiarism or duplicate publication related to the papers of this 
journal is detected, the manuscripts may be rejected, the authors 
will be announced in the journal, and their institutions will be 
informed. There will also be penalties for the authors.

3. Secondary publication
It is possible to republish manuscripts if the manuscripts satisfy the 
condition of secondary publication of the Recommendations from 
ICMJE. These are:

• The authors have received approval from the editors of both 
journals (the editor concerned with the secondary publication 
must have access to the primary version).

• The priority for the primary publication is respected by a 
publication interval negotiated by editors of both journals and 
the authors.

• The paper for secondary publication is intended for a different 
group of readers; an abbreviated version could be sufficient.

• The secondary version faithfully reflects the data and 

interpretations of the primary version.
• The secondary version informs readers, peers, and documenting 

agencies that the paper has been published in whole or in part 
elsewhere—for example, with a note that might read, "This 
article is based on a study first reported in the [journal title, with 
full reference]"—and the secondary version cites the primary 
reference.

• The title of the secondary publication should indicate that it is 
a secondary publication (complete or abridged republication 
or translation) of a primary publication. Of note, the United 
States National Library of Medicine (NLM) does not consider 
translations to be "republications" and does not cite or index 
them when the original article was published in a journal that is 
indexed in MEDLINE.

4. Conflict-of-interest statement
The corresponding author must inform the editor of any 
potential conflicts of interest that could influence the authors’ 
interpretation of the data. Conflict of interest exists when an 
author or the author’s institution, reviewer, or editor has financial 
or personal relationships that inappropriately influence or bias 
his or her actions. Such relationships are also known as dual 
commitments, competing interests, or competing loyalties. 
These relationships vary from being negligible to having great a 
potential for influencing judgment. Not all relationships represent 
true conflict of interest. On the other hand, the potential for 
conflict of interest can exist regardless of whether an individual 
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stock ownership, honoraria, and paid expert testimony are the 
most easily identifiable conflicts of interest and the most likely 
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as personal relationships, academic competition, and intellectual 
passion (http://www.icmje.org/conflicts-of-interest/). If there 
are any conflicts of interest, authors should disclose them in the 
manuscript. The conflicts of interest may occur during the research 
process as well; however, it is important to provide disclosure. If 
there is a disclosure, editors, reviewers, and reader can approach 
the manuscript after understanding the situation and background 
for the completed research.

5. Statement of human and animal rights
Clinical research should be conducted in accordance with the 
WMA Declaration of Helsinki: Ethical Principles for Medical 
Research Involving Human Subjects (https://www.wma.net/
what-we-do/medical-ethics/declaration-of-helsinki/). Clinical 
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studies that do not meet the Helsinki Declaration will not be 
considered for publication. For publication, the human subjects’ 
identifiable information, such as the patients' names, initials, 
hospital numbers, dates of birth, or other protected healthcare 
information should not be disclosed. For animal subjects, 
the research should be performed based on the National or 
Institutional Guide for the Care and Use of Laboratory Animals, 
and the ethical treatment of all experimental animals should be 
maintained.

6. Statement of informed consent and institutional review 
board approval
Copies of written informed consents should be kept for studies 
on human subjects. For the clinical studies with human subjects, 
there should be a certificate, an agreement, or the approval by 
the Institutional Review Board (IRB) of the author's affiliated 
institution. If necessary, the editor or reviewers may request copies 
of these documents to resolve questions about IRB approval and 
study conduct. In addition, for studies conducted with human 
subjects, the method by which informed consent was obtained 
from the participants also needs to be stated in the Methods 
section.

7. Registration of the clinical trial research
It is recommended that any research that deals with a clinical trial 
be registered with a primary national clinical trial registration site, 
such as http://cris.nih.go.kr, or other sites accredited by the World 
Health Organization as listed at http://www.who.int/ictrp/en/ 
or ClinicalTrial.gov (https://clinicaltrials.gov), a service of the US 
National Institutes of Health.

8. Process to manage the research and publication misconduct
When the Journal faces suspected cases of research and publication 
misconduct such as a redundant (duplicate) publication, 
plagiarism, fabricated data, changes in authorship, undisclosed 
conflicts of interest, an ethical problem discovered with the 
submitted manuscript, a reviewer who has appropriated an 
author’s idea or data, complaints against editors, and other issues, 
the resolving process will follow the flowchart provided by the 
Committee on Publication Ethics (http://publicationethics.org/
resources/flowcharts/). The discussions and decisions concerning 
the suspected cases will be carried out by the editorial board.

9. Editorial responsibilities
The editorial board will continuously work to monitor and 
safeguard publication ethics: guidelines for retracting articles; 
maintaining the integrity of academic records; precluding business 

needs from compromising intellectual and ethical standards; 
publishing corrections, clarifications, retractions, and apologies 
when needed; and excluding plagiarism and fraudulent data. The 
editors maintain the following responsibilities: to reject and accept 
articles; to avoid any conflict of interest with respect to articles 
they reject or accept; to promote publication of corrections or 
retractions when errors are found; and to preserve the anonymity 
of reviewers.

10. Data Sharing statement
We accepts the ICMJE Recommendations for data sharing 
statement policy (http://icmje.org/icmje-recommendations.
pdf). Authors may refer to the editorial, “Data Sharing statements 
for Clinical Trials: A Requirement of the International Committee 
of Medical Journal Editors,” in JKMS vol. 32, no. 7:1051-1053 
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2. Open access policy
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unrestricted, non-commercial use, distribution, and reproduction 
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preservation of access to the journal content in the event the journal 
is no longer published by archiving in National Library of Korea.

Manuscript submission

Authors should submit manuscripts via the electronic manuscript 
management system (http://submit.annchildneurol.org) for 
Annals of Child Neurology. Please log in first as a member of system 
and follow the directions. Manuscripts should be submitted by 
the corresponding author, who should indicate the address, phone 
number, and e-mail address for correspondence in the title page 
of the manuscript. The revised manuscript should be submitted 
through the same web system under the same identification 
numbers.

1. To submit your manuscript, go to http://annchildneurol.org. 
Instructions for online submission are located on this website.

2. There are no author submission fees or other publication-related 
charges. All cost for the publication process is supported by the 
Publisher. Annals of Child Neurology is a so-called platinum open 
access journal which does not charge author fees.

3. Confirmation of receipt will be issued when the submission 
process is complete. The receipt can be downloaded from 
website.

4. Online submission process:
1) Go to http://submit.annchildneurol.org.
2) Log in (or click the ‘registration’ option, if you are a first-time 

user of http://submit.annchildneurol.org).
3) Click on ‘new submissions’.
4) Check and confirm ‘author’s manuscript check list’.
5) Proceed with the following 8-step process.

Step 1. Fill in the manuscript type, title, running title, abstract, 
keywords and corresponding author.
Step 2. Fill in the author names and affiliation.
Step 3. Writer down the additional notes to Editor-in-Chief 
in cover letter field and respond to the additional information 
below.
Step 4. Suggest reviewers. Suggesting 2 reviewer(s) is required 
for submission.
Step 5. Upload manuscript file and copyright transfer form.
Step 6. When the conversion is completed, please click the 
"Make PDF" button.
Step 7. Confirm preview contents. If you agree to submit the 
manuscript, please click "submit" button.
Step 8. Your submission is completed. You will receive your 
registration number or return notice via email.

5. If you have any questions about the online submission process, 

contact the Editorial Office by e-mail at editor@annchildneurol.
org or by telephone at +82-2-2228-2050 .

Editorial and peer review process

All manuscripts are initially reviewed by a Annals of Child 
Neurology editor. Submissions that are clearly outside the scope 
of Annals of Child Neurology will be declined without further 
review. Manuscripts that are so poorly written or incomplete that 
it hampers the review process will also be declined but with the 
option of resubmission if the concerns have been addressed. All 
submitted manuscripts are analyzed with plagiarism detection 
software prior to undergoing editorial review. Manuscripts are sent 
to the two most relevant investigators available for review of the 
contents. The editor selects peer referees by recommendation of 
Annals of Child Neurology’s editorial board members or from the 
Board`s specialist database.

The journal uses a single-blind peer review process: peer 
reviewer identities are kept confidential (unless reviewers choose 
to reveal their names in their formal reviews); author identities 
are made known to reviewers. The existence of a manuscript 
under review is not revealed to anyone other than peer reviewers 
and editorial staff. Peer reviewers are required to maintain 
confidentiality about the manuscripts they review and must 
not divulge any information about a specific manuscript or its 
content to any third party without prior permission from the 
journal editors. Information from submitted manuscripts may be 
systematically collected and analyzed as part of research to improve 
the quality of the editorial or peer review process. Identifying 
information remains confidential. Final decisions regarding 
manuscript publication are made by an editor who does not have 
any relevant conflicts of interest. All correspondence, including the 
editor's decision and requests for revisions, will be conducted by 
e-mail.
Accepted: The manuscript will be forwarded to the publisher 
without further corrections.
Minor revisions: The author should address the comments from 
the reviewers, which will be confirmed by the reviewers before 
being sent to the publisher.
Major revisions: The author should address the comments from 
the reviewers and make the appropriate corrections for review by 
the three reviewers.
Rejection: When one out of the two reviewers rejects the 
manuscript, the final decision is made by the editorial committee.

The time to first decision without review will normally be made 
within 5 days (median). Within 14 days after the agreement of 
review by the reviewers, the reviewers’ comments will then be 
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sent to the corresponding authors. Revised manuscripts must be 
submitted online by the corresponding author. Failure to resubmit 
the revised manuscript within 4 weeks of the editorial decision is 
regarded as a withdrawal. The editorial office should be notified if 
additional time is needed or if an author chooses not to submit a 
revision.

All authors are required to confirm the following conditions of 
publication prior to their manuscript being considered:

a. If the manuscript does not have a new result or conclusion, 
then it should not have the same title as a previously published 
review article.

b. Once a case has been published in an original paper, it may not 
be reproduced as a case report. However, only in circumstances 
in which a novel diagnostic method, a novel therapeutic trial, 
or a previously unknown accompanying condition is found 
will the editorial board determine the possibility of acceptance.

c. Clinical trials on drugs with commercial implications will be 
reviewed by the proper subcommittee or subspecialty before 
being reviewed for publication.

d. Clinical letters of previously published cases will not be 
accepted. The editorial board will make an exception only 
if the case is very rare. The Annals of Child Neurology index 
should be reviewed before the submission of clinical letters.

e. Rejected manuscripts may not be resubmitted.
f. The manuscript will be rejected if the author does not address 

the comments made by the reviewer or the manuscript does 
not follow the required guidelines.

Manuscript preparation

1. General principles
1) Annals of Child Neurology publishes original articles, reviews, 

letters to the editor, and editorials.
2) The manuscript should not have been published previously, 

and not have been submitted for publication elsewhere. Any 
conflicts of interest of all listed authors should be stated.

3) The manuscript should be written according to the prescribed 
format. If not, the editorial board may return it before 
reviewing. The editorial board decides on publication and may 
modify a portion of the text with little effect on the original.

4) The manuscript must be written in English. Authors 
(particularly non-native English speakers) who submit the 
original article or letters to editor should check their manuscript 
by using professional editing service and submit the manuscript 
with a certificate of English review, including the name, 
institution, position, statement of approval, and signature with 
unstructured format.

5) The text of the manuscript, including tables and their footnotes 
and figure legends, must be double-spaced and in standard 
12-point font on A4 paper size with left and right margin spaces 
of 2 cm and top and bottom margins of 3 cm.

6) Except for units of measurement, abbreviations are strongly 
discouraged. Do not use abbreviations in the title or abstract 
and limit their use in the text. Expand all abbreviations at first 
mention in the text.

7) Measurements of length, height, weight, and volume should 
be reported in metric units (meter, kilogram, or liter) and 
laboratory values should be displayed in International System 
of Units (SI).

8) The number of pages of manuscripts of reviews and original 
articles has no limitation but no more than 10 printed pages 
are recommended. Letters to editor should be written in a 
maximum of 2 printed pages.

2. Cover letter
The cover letter accompanying the manuscript must specify the 
type of manuscript and include statements on ethical issues and 
conflicts of interest, and complete contact information for the 
corresponding author.

The cover letter should include the following statement: “All 
authors have read and approved the submitted manuscript, the 
manuscript has not been submitted elsewhere nor published 
elsewhere in whole or in part, except as an abstract (if relevant).” 
The cover letter may include the names of up to 3 potential 
reviewers whom the authors would like to suggest, especially 
members of the editorial board. The authors may also include the 
names of up to 3 reviewers whom they would like not to evaluate 
their submission. The editor ultimately decides who will review 
the manuscript.

3. Original articles
Original articles are papers reporting the results of basic or clinical 
investigations, which are sufficiently well documented to be 
acceptable to critical readers. The manuscript should be prepared 
according to Recommendations from ICMJE. The manuscript 
should have the following sequence: Title page, Abstract and 
Keywords, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgment, References, Tables, and Figure 
Legends. All pages should be numbered consecutively in the 
middle of the bottom margin, starting with the title page.

Title page
The tile page should contain the following information: (1) title; 
(2) author list (full names of authors); (3) name of the institutions 
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at which the work was performed; (4) acknowledgement of 
research support; (5) name, address, telephone, fax number, and 
e-mail address of the corresponding author; (6) a running title 
should be written of 10 words or less.

Abstract and keywords
The abstract should be a single paragraph of less than 250 words, 
and describe concisely, the purpose, methods, results, and 
conclusion of the study, in a structured format. Abbreviations, if 
needed, should be kept to an absolute minimum, and their first use 
should be preceded by the full term in words. The abstract should 
not include footnotes, references, or tables. The abstract can be 
modified by an English language reviewer who is appointed by 
the editorial board. A maximum of 5 keywords should be listed at 
the end of the abstract to be used as index terms. For the selection 
of keywords, refer to Medical Subject Headings (MeSH; https://
meshb.nlm.nih.gov/search).

Introduction
The introduction should provide the background of the study and 
state the specific purpose of research or hypothesis tested by the 
study. It may mention previous publications most closely related to 
the article.

Materials and Methods
The materials and study design should be presented in detail. In 
experimental research, methods should be described in such a 
manner that the experiments can be reproduced by the readers. 
The sources of special chemicals or preparations should be 
given (name of company, city and state, and country). Clinical 
studies or experiments using laboratory animals or pathogens 
should include approval of the studies by relevant committees. A 
statement concerning IRB approval and consent procedures must 
be presented.

Clearly describe the selection of observational or experimental 
participants (healthy individuals or patients, including controls), 
including eligibility and exclusion criteria and a description of the 
source population. Because the relevance of such variables as age, 
sex, or ethnicity is not always known at the time of study design, 
researchers should aim for inclusion of representative populations 
into all study types and at a minimum provide descriptive data for 
these and other relevant demographic variables.

Ensure correct use of the terms sex (when reporting biological 
factors) and gender (identity, psychosocial or cultural factors), 
and, unless inappropriate, report the sex and/or gender of study 
participants, the sex of animals or cells, and describe the methods 
used to determine sex and gender. If the study was done involving 

an exclusive population, for example in only one sex, authors 
should justify why, except in obvious cases (e.g., prostate cancer). 
Authors should define how they determined race or ethnicity and 
justify their relevance.

Results
This section should include a concise textual description of the 
data presented in the tables and figures. Excessive repetition of 
table or figure contents should be avoided.

Discussion
Observations pertaining to the results of research and other related 
materials should be interpreted for your readers. Emphasize new 
and important observations; do not merely repeat the contents 
of the results. Explain the meaning of the observed opinion along 
with its limits, and within the limits of the research results connect 
the conclusion to the purpose of the research. In a concluding 
paragraph, summarize the result and its meaning.
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of assistance and financial support. Any other matters associated 
with research funds, facilities and drugs that were used in the study 
should also be given.
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Open researcher and contributor IDs (ORCID) are recommended 
for authors. To receive ORCID, authors should register on the 
ORCID website available from: https://orcid.org.
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number. The reference style for journal articles is as follows : 
names of authors, full title of article, journal name abbreviated in 
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the latest update. All other references should be listed as shown in 
the Recommendations from ICMJE. Authors are responsible for 
the accuracy and completeness of their references. The maximum 
number of cited references should be 40 for original articles and 10 
for letters to editor.

Examples of reference styles

1) Journal article
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9. On Ministry for Health, Welfare and Family Affairs. The 

Third Korea National Health and Nutrition Examination 
Survey (KNHANES III) [Internet]. Seoul: Ministry for 

Health, Welfare and Family Affairs; 2006 [cited 2006 Jul 8]. 
Available from: http://knhanes.cdc.go.kr.

Tables
1) Each table should be inserted on a separate page, with the table 

number, table title and legend.
2) The numbers of tables should be in Arabic numerals in their 

order of citation.
3) Titles of tables should be concise using a phrase or a clause. 

The first character should be capitalized.
4) Tables should be concise and not duplicate information found 

in figures.
5) The significance of results should be indicated by appropriate 

statistical analysis.
6) Unnecessary longitudinal lines should not be drawn. 

Horizontal lines should be used as sparingly as possible.
7) All symbols and abbreviations should be described below the 

table.
8) Use superscript letters (a, b, c) to mark each footnote and be 

sure each footnote in the table has a corresponding note. List 
abbreviations in the footnote section and explain any empty 
cells.

9) All units of measurements and concentrations should be 
designated.

Figures and figure legends
1) Figures should be submitted separately from the text the 

manuscript. All pictures and photographs should be of excellent 
quality and supplied as JPEG or TIFF files with resolution of 
more than 300 dpi. The preferred size of figure is 7.4×10.0 cm 
(3×4 inches). Except for particularly complicated drawings 
that show large amounts of data, all figures are published at one 
page or one column width. All kinds of figures may be reduced, 
enlarged, or trimmed for publication by the editor.

2) Color figures and pictures will be published if the editor 
decides it is absolutely necessary.

3) Figure numbers, in Arabic numerals, should appear in the 
figure legends. Arabic numerals should be used in the orderin 
which the figures are referred to in the main text. In cases 
where more than two photographs are used with the same 
number, alphabet characters should be used next to the Arabic 
numeral (e.g.: Fig. 1A, Fig. 1B).

4) All pictures and photographs should be described in the 
legend with complete sentences rather than incomplete 
phrases or a clause.

5) All symbols and abbreviations should be described below the 
figure.
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4. Other types of manuscripts
All other types of manuscripts should meet the above mentioned 
requirements.

1) Reviews articles
Reviews may be written by invitation by the editorial board 
and provide concise reviews of important subjects to medical 
researchers. are organized as follows: title page, abstract and 
keywords, introduction, main text, conclusion, acknowledgments, 
references, tables, figure legends, and figures. An abstract is 
required but it need not be structured.
Reviews should not exceed 7,000 words, include no more than 6 
figures or tables and 150 references.

2) Letters to the editor
Letters to the editor is a type of brief communication on any topics 
that attract attention of journal readers. It should be brief, clear 
and conclusive. And it should be accompanied by a statement 
that written consent to publish was obtained from the patient(s). 
No abstraction is required. Body of the letter has no structure and 
the word count is limited to 1,500 words. It should be written in 
a maximum of 3 printed pages, less than 10 references, less than 2 
table or figures, and less than 5 authors.

3) Editorial
Editorials are invited by the editors and should be commentaries 
on articles published recently in the journal. Editorial topics could 
include active areas of research, fresh insights, and debates in all 
fields of child nerology. Editorials should not exceed 1,000 words, 
excluding references, tables, and figures, and no more than 2 
figures or tables and 10 references.

Manuscripts accepted for publication

1. Final version
After the paper has been accepted for publication, the author(s) 
should submit the final version of the manuscript. The names 
and affiliations of the authors should be double-checked and 
if the originally submitted image files were of poor resolution, 
higher resolution image files should be submitted at this time. The 
EPS, JPG, PPT, or TIF formats are the preferred digital files for 
photographic images. Symbols (e.g., circles, triangles, squares), 
letters (e.g., words, abbreviations), and numbers should be large 
enough to be legible even after on reduction to the journal’s 
column widths. All symbols must be defined in the figure captions. 
If references, tables, or figures are moved, added, or deleted during 
the revision process, renumber them to reflect the changes so that 

all tables, references, and figures are cited in numeric order.

2. Manuscript corrections
Before publication, the manuscript editor will correct the 
manuscript such that it meets the standard publication format. 
The author(s) must respond within 7 days when the manuscript 
editor contacts the author for revisions. If the response is delayed, 
the manuscript’s publication may be postponed to the next issue. 
The author should double-check for corrections in the content, 
title, affiliation, capitalization, locations of figures, and references. 
Corresponding authors are responsible for further corrections 
made after printing.

3. Gallery proof
The author(s) will receive the final version of the manuscript as 
a PDF file. Upon receipt, within 2 days, the editorial office (or 
printing office) must be notified of any errors found in the file. Any 
errors found after this time are the responsibility of the author(s) 
and will have to be corrected as an erratum.

4. Feedback after publication
If the authors or readers find any errors, or contents that should be 
revised, it can be requested from the Editorial Board. The Editorial 
Board may consider erratum, corrigendum or a retraction. If 
there are any revisions to the article, there will be a CrossMark 
description to announce the final draft. If there is a reader’s opinion 
on the published article with the form of Letters to the editor, it 
will be forwarded to the authors. The authors can reply to the 
reader’s letter. Letters to the editor and the author’s reply may be 
also published.

5. How the journal handle complaints and appeals
The policy of Annals of Child Neurology is primarily aimed at 
protecting the authors, reviewers, editors, and the publisher of the 
journal. If not described below, the process of handling complaints 
and appeals follows the guidelines of the Committee of Publication 
Ethics available from: https://publicationethics.org/appeals.

Who complains or makes an appeal?
Submitters, authors, reviewers, and readers may register complaints 
and appeals in a variety of cases as follows: falsification, fabrication, 
plagiarism, duplicate publication, authorship dispute, conflict 
of interest, ethical treatment of animals, informed consent, bias 
or unfair/inappropriate competitive acts, copyright, stolen data, 
defamation, and legal problem. If any individuals or institutions 
want to inform the cases, they can send a letter via the contact page 
on our website: http://annchlidneurol.org. For the complaints or 
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appeals, concrete data with answers to all factual questions (who, 
when, where, what, how, why) should be provided.
Who is responsible to resolve and handle complaints and appeals?
The Editor, Editorial Board, or Editorial Office is responsible for 
them. A legal consultant or ethics editor may be able to help with 
the decision making.

What may be the consequence of remedy?
It depends on the type or degree of misconduct. The consequence 
of resolution will follow the guidelines of the Committee of 
Publication Ethics (COPE).

6. Page charge
There are no page charges to authors. All color figures and tables 
will be reproduced in full color in the online edition of Annals of 
Child Neurology at no cost to authors, but the complete cost in 
the printed version of the journal will be charged to the authors. 
Please contact the Editorial Office if you have any questions about 
potential fees.

7. Confirmation of acceptance
Once the manuscript is at the publisher, confirmation of acceptance 
by the Annals of Child Neurology may be issued.

8. E-publication ahead of print
All accepted manuscripts are subject to copyediting. Before 
publication, page proofs are sent to the corresponding author, who 
is responsible for verifying the final manuscript contents, including 
all copyediting changes. Once a manuscript has been typeset, 
copyedited, and approved by the editor and the authors, it will 
soon appear online in our “Ahead-of Print” section.

Further information

Any correspondence, queries or additional requests for information 
on the manuscript submission process should be sent to Annals of 
Child Neurology editorial office as follows:

Editor-in-Chief: Soonhak Kwon, MD
E-mail: editor@annchilneurol.org
Telephone: +82-2-2019-3350
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1. General provisions
☐ The authors should ensure that the contents of the present manuscript have not been published nor intended to be published in other 

journals.
☐ The manuscript should be formatted as follows: A4 paper, 12 point font, left-aligned, double-spaced.
☐ An original article should be presented in the following order: cover page, abstract, keywords, introduction, methods, results, discussion, 

references, and captions and legends for tables and figures.

2. Cover page
☐ This section should indicate the contact information of the corresponding author: postal code, address, phone number, fax number, and 

email address.
☐ A running title should be given in 10 words or less.

3. Abstract and Keywords
☐ The abstract should be divided into Background and Purpose, Methods, Results, and Conclusions; it should be written in one 

paragraph that is within 250 words.
☐ Three to six keywords should be included (preferably those recommended in MeSH of Index Medicus; the first letter of each key word 

should be capitalized).

4. Main text
☐ The title should not include abbreviations; all the words must be spelled out.
☐ Information regarding approval of an institutional review board and obtaining informed consent should be mentioned in the Method 

section.
☐ References should be numbered in Arabic numbers in the order they are cited.
☐ Superscript numbers should come after commas and periods according to submission rules.
☐ When using abbreviations, their full forms should be used at first mention; abbreviations/acronyms should then be used consistently in 

further occurrences.
☐ Units of measure should be written in accordance with submission rules (except for % and °C, a space should come between the 

number and the unit of measure).
☐ For numbers, a comma should be inserted after every third digit.
☐ All statistical methods used should be described accurately in detail.

5. References
☐ In-text citations should be numbered and should correspond to the numbers in the references.
☐ Up to six authors should be mentioned. In case there are seven or more authors, “et al.” must come after the primary author.
☐ Official abbreviations of quoted journals must be used.
☐ Year, volume, and start page–end page of the quoted literature should be accurately mentioned.
☐ The first letter of the title of the quoted article should be capitalized.
☐ Compliance with quotation styles should be observed.
☐ The manuscript should comply with quotation rules in case a book has separate authors by chapter.

6. Table
☐ Each table must have its own title and be given a separate page.
☐ All abbreviations used in the table should be spelled out.

Author’s checklist
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☐ All superscript numbers used in the table should comply with the contribution rules.

7. Figures
☐ Each figure should be produced in a separate file and should not be included in the main text.
☐ The file name of each figure should be the figure number.
☐ Figures can be black and white or in color; they will be published as submitted.
☐ The titles and legends of the figures should be concisely drafted on a separate page in English.
☐ The figures should be explained in complete sentences, not phrases or clauses.
☐ All abbreviations should be written out.
☐ When a figure contains several pictures, the explanation of the figure should be followed by that of each picture, distinguishing them as A, 

B, C, etc.
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THE FIRST
DISEASE-MODIFYING TREATMENT
FOR PATIENTS WITH SMA1

바이오젠 코리아 유한회사 07326  서울시 영등포구 국제금융로 10, Two IFC 23층

TEL 02-6138-3457 www.biogen.com

스핀라자주 (뉴시너센나트륨)
[원료약품 및 그 분량] 1 바이알(5 mL) 중, 주성분: 뉴시너센나트륨 (별규) 12.63 mg  (뉴시너센으로서 12 mg) [성상]  무색투명한 액이 무색투명한 유리 바이알에 든 주사제 [효능•효과]  5q 척수성 근위축증의 치료 [용법•용량] 이 약은 척수성 근위축증 치료 경험이 있는 의사에 의해서만 투여하여야 한다. 요추
천자로 경막내 투여한다. 투여 요법 이 약의 권장용량은 1회 12 mg (5 mL)이다. 척수성 근위축증으로 진단 후 가능한 빨리 0일, 14일, 28일, 63일에 4회 도입 용량(loading dose)으로 투여를 시작하며, 이후에는 4개월마다 유지용량으로 투여한다.  투여 기간 이 약의 장기간 유효성에 대한 정보는 없다. 치료의 지
속에 대한 필요성은 환자의 임상 증상 및 치료에 대한 반응에 따라 정기적으로 검토되어야 하며 개별적으로 고려되어야 한다. 투여 지연 도입용량의 투여가 지연되거나 누락된 경우에는 가능한 빨리 이 약을 투여하여야 한다. 투약 사이는 적어도 14일 간격이어야 하고, 처방된 투여 빈도에 따라 투여를 지속하여야 한
다. 유지용량 투여 기간 중 계획된 투여가 지연 또는 누락된 경우 가능한 한 빨리 투여를 재개하여야 하며, 4개월마다 투여를 지속하여야 한다. [사용상의 주의사항] 다음 환자에는 투여하지 말 것: 이 약의 주성분 또는 구성성분에 과민반응이 있는 환자 일반적 주의: 1) 이 약의 운전과 기계사용 능력에 미치는 영향에 
대한 연구는 실시되지 않았다. 2) 요추천자시술: 요추천자시술로 인한 이상반응(예, 두통, 요통, 구토; ‘2. 이상반응’ 항 참조)이 보고되어 있다. 이러한 투여방법은 매우 어린 환자 및 척추 측만증 환자에게 잠재적 어려움이 있을 것으로 보인다. 의사의 판단 하에 이 약의 경막 내 투여를 보조하기 위한 초음파 또는 다른 
영상기법의 사용을 고려할 수 있다. 3) 혈소판감소증 및 응고장애: 급성 중증 혈소판감소증을 포함한 혈소판감소증 및 응고장애가 기타 안티센스 올리고뉴클레오티드의 피하주사 또는 정맥주사 후에 관찰되었다. 임상적으로 필요한 경우, 이 약의 투여 전에 혈소판 및 응고 검사가 권고된다. 4) 신장독성: 신장독성이 기
타 안티센스 올리고뉴클레오티드의 피하주사 및 정맥주사 후에 관찰되었다. 임상적으로 필요한 경우, 요단백 검사(기상 후 첫 소변을 이용하는 것이 좋음)가 권고된다. 요단백이 지속적으로 증가하는 경우 추가적인 평가를 고려하여야 한다. 5) 수두증: 이 약을 투여한 환자의 시판 후 조사에서 뇌수막염 또는 출혈과 관
련 없는 교통수두증이 보고되었다. 일부 환자는 뇌실복강션트를 시행 받았다. 의식이 저하된 환자는 수두증에 대한 평가를 하여야 한다. 뇌실복강션트를 시행한 환자에서 이 약의 투여에 대한 위해성-유익성은 현재 알려지지 않았으며, 투여 유지는 신중히 고려되어야 한다.(이하 생략) 전체 허가사항은 제품설명서를 
참조하시기 바랍니다. [제조의뢰자] Biogen Netherlands B.V., Prins Mauritslaan 13, 1171 LP Badhoevedorp, 네덜란드 [제조자] Patheon Italia S.p.A., 2″ Trav.SX. Via Morolense 5, Ferentino, Frosinone 03013, 이탈리아 Vetter Pharma-Fertigung GmbH & Co. KG Eisenbahnstrasse 
2-4, Langenargen, Baden-Wuerttemberg, 88085, 독일 [수입자] 바이오젠코리아 유한회사 서울특별시 영등포구 국제금융로 10, 23층 (여의도동, 투아이에프씨)

Byron
age 15*
Later-onset (Type III) SMA
treated with SPINRAZA®

KEEP
UNLOCKING 
THEIR INNER   
SPORTSMAN

SMN2 pre-mRNA에 결합하여  
정상 SMN 단백질 생성을 촉진하는  
세계 최초의 SMA 치료제1

신생아부터 성인까지의 
SMA 환자를 대상으로 
치료 효과 확인2-5

10개 임상연구 총 346명 규모의 
임상을 통해 최대 6년의 
양호한 안전성 프로파일 확인6,7

SPINRAZA®

*At the age of photoshoot
SMA, spinal muscular atrophy; SMN, spinal motor neuron
References 1. Shorrock HK, et al. Drug. 2018;78:293-305 2. De Vivo DC, et al. Neuromuscul Disord. 2019. 29:842-56. 3. Finkel RS, et al. N Engl J Med. 2017;377:1723-32. 4. Mercuri E, et al. N Engl J Med. 2018;378:625-35. 
5. Hagenacker T et al. Lancet Neurol. 2020;19:317-25. 6. SPINRAZA® 제품설명서(2020년 3월 16일) 7. Biogen Issues Q4 2019 Community Statement on Spinraza https://www.curesma.org/biogen-q4-2019-community-statement-on-spinraza/ (Accessed at 08 Jul, 2020)
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알두라자임®주(라로니다제) [효능 • 효과] 뮤코다당체침착증Ⅰ(MucopolysaccharidosisⅠ, MPSⅠ) 형태의 헐러(Hurler) 및 헐러-쉬에(Hurler-Scheie)환자와 중등도 이상의 증상을 가진 쉬에환자 [용법 • 용량] 권장량은 체중 kg 당 0.58mg 으로 일주일에 1회씩 정맥 내 투여. 해열제 또는/및 항히스타민제와 같은 전처치는 이 약 투여 
시작 60분 전에 투여하는 것을 권장. 각 바이알은 일회 투여용이므로 여러 번 나누어 투여하면 안됨. 0.9% 염화나트륨 주사액(USP)으로, 체중이 20kg 이하이면 최종 용량이 100mL, 20kg을 초과하는 경우에는 250mL가 되도록 무균적으로 희석하여 사용. 심장이나 호흡기능이 저하되어 있으면서 체중이 30kg 이상인 환자의 경우 담당 
의사가 희석 후 최종 용량을 100mL로 하고, 주입 속도를 감소시키는 것을 고려해 볼 수 있음. [사용상의 주의사항] 경고 일부 환자들에서 생명을 위협하는 아나필락시스 반응이 나타남. 호흡기 기능 저하 또는 급성 호흡기 질환이 있는 환자는 주입반응에 의해 호흡기 장애의 중대한 급성악화가 발생할 위험이 있으므로 추가적인 모니터링
이 필요. 이상사례 임상시험에서 가장 중대한 이상사례는 아나필락시스 반응과 알러지 반응이었음. 보고된 대부분의 이상사례는 질환 관련 반응이거나 시험약과 관련이 없는 반응이었으며, 가장 흔한 이상사례는 주입 반응으로 그 발생 빈도는 이 약을 계속 투여함에 따라 감소되었음. 치료가 필요한 대부분의 주입 반응은 주입 속도를 줄이
고, 일시적으로 주입을 중단하고/거나 해열제 및/또는 항히스타민제를 추가로 투여함으로써 개선됨 면역원성 임상 시험에서 이 약을 투여했던 102명 중 99명의 환자(97%)가 이 약에 대한 IgG 항체에 양성반응을 나타냄. 이 약을 무력화시키는 가능성을 가진 이 약의 항체에 대한 임상적인 유의성은 알려진 바 없음. 시판 후 경험 중증이면
서 중대한 주입 반응 중 몇몇 반응은 아나필락시스 쇼크와 후두부종을 포함하는 생명을 위협하는 반응이었음. 이 약 치료와 함께 시판 후에 (관련성과 상관없이) 사망으로 이어진 이상사례에 심폐정지, 호흡부전, 심장부전, 폐렴이 포함됨. 다른 추가적인 이상 반응으로는 피로, 말초부종, 홍반, 청색증. ※처방하시기 전, 상세 제품정보를 참조
하시기 바랍니다. 최종개정연월일 : 2019.6.3

엘라프라제®주(이두설파제) [효능 • 효과] 헌터증후군(뮤코다당증 II형, MPS II) 환자에게 쓰이며, 헌터증후군 환자의 걷기 능력을 개선 [용법 • 용량] 이 약의 권장량은 체중 kg당 0.5mg으로 1주일에 1회씩 정맥 내 투여함. 1~3시간 이상 서서히 총 투여량을 주입함. 주입 관련 반응으로 인해 주입 시간이 연장될 수 있음. 주입 시간이 8시간
을 초과해서는 안 됨. 만일 주입 반응이 나타난다면, 임상적 판단에 기초하여, 주입 속도를 늦추고/거나 주입을 일시적으로 중단하거나, 투여 중단함. 이 약은 같은 주입관을 통해 다른 의약품과 함께 투여되어서는 안됨. [사용상 주의사항] 경고 ■아나필락시스를 포함하는 과민반응 :  아나필락시스 반응을 포함하는 중대한 과민반응이 주입 
중 및 주입 후 24시간까지 관찰됨. 일부는 생명을 위협하였으며, 치료 기간에 상관없이 호흡 곤란, 저산소증, 저혈압, 두드러기 및 인후 또는 혀의 혈관부종을 포함함. ■중증의 유전성 돌연변이를 가지는 헌터증후군 환자에서의 과민반응, 중대한 이상사례 및 항체 발현 : 7세 이하의 헌터증후군 환자를 대상으로 한 임상시험에서, 완전 결실, 
광범위 재배열, 넌센스, 프레임시프트(frameshift) 또는 splice site 돌연변이를 가지는 환자에서 과민반응, 중대한 이상사례 및 항 이두설파제 항체 발현이 과오돌연변이 헌터증후군 환자보다 더 많이 발생함. ■급성 호흡계 합병증 : 이 약 주입 당시 호흡 기능이 손상되거나 급성 열성 또는 호흡기 질환을 가진 환자에게는 과민반응으로 인한 
생명을 위협하는 합병증 발생 위험성이 증가될 수 있음.  ■급성 심폐부전 : 체액 과부하에 민감한 환자 또는 급성 기저 호흡기 질환 또는 수분 제한이 처방된 심장 및/또는 호흡 기능 저하 환자에게 이 약을 투여하는 경우 주의가 필요. 이상사례 임상시험 - 가장 흔한 이상사례(>10%)은 과민반응이었으며, 발진, 두드러기, 소양증, 홍조, 발열 
및 두통을 포함함. 가장 빈번하게 발생한 중대한 이상사례는 저산소증 에피소드. 위약을 투여 받은 환자에서는 발생하지 않았으나, 이 약을 투여 받은 환자에서 발생한 다른 주목할 만한 중대한 이상사례로는 다음 각 1례가 있음 : 심장 부정맥, 폐색전증, 청색증, 호흡부전, 감염 및 관절통. 면역원성  5세 이상에서의 임상시험에서, 63명 피험
자 중 32명(51%)의 피험자는 1회 이상 항 이두설파제 IgG 양성을 보였음. 항체 또는 중화항체의 존재와 치료반응간의 명백한 상관관계는 없었음. 7세 이하의 임상시험에서, 이 약을 주 1회 0.5mg/kg 용량으로 투여 받은 28명 중 19명(68%)의 환자가 항체 양성을 보였음. 항체의 존재는 이두설파제 전신 노출의 감소와 관련되었음. 시판 
후 조사 후기 응급 증상 및 아나필락시스 반응의 징후는 초기 치료 및 초기 아나필락시스 반응 회복 후 24시간까지 관찰되었음. 사망을 포함한 중대한 이상사례는 심폐정지, 호흡부전, 호흡곤란, 심부전 및 폐렴을 포함하였음. ※처방하시기 전, 상세 제품정보를 참조하시기 바랍니다. 최종개정연월일 : 2019.6.3

(주)사노피-아벤티스 코리아 서울시 서초구 반포대로 235(반포동, 반포동오피스빌딩1) Tel. (02)2136-9000  Fax. (02)2136-9399  http://www.sanofi.co.kr

MPS, mucopolysaccharidosis  Reference 1. Scarpa M, et al. Mucopolysaccharidosis type II: European recommendations for the diagnosis and multidisciplinary management of a rare disease. Orphanet J Rare Dis. 2011;6:72

뮤코다당증의 조기 진단과 빠른 치료는 환자의 질환 진행을 지연시킵니다.1 
선생님의 관심은 뮤코다당증 환자의 희망입니다.

사노피젠자임과 만나면 
 따뜻한 이야기가 됩니다. 

뮤코다당증 II (MPS II) 엘라프라제®주뮤코다당증 I (MPS I) 알두라자임®주

 뮤코다당증(MPS) 치료



FDA 승인을 받은 전신발작의 1차 치료제
1,2

서방정 제형으로 하루 한 번 간편하게 복용하세요!

하루 한 번 복용의 편의성
3

다양한 seizure type의 치료
3

24시간 안정적인 혈중농도 유지
4

우수한 내약성
5

Once Daily, Depakote®ER

References 1. Depakote ER FDA label NDA 20-782 2. 대한뇌전증학회, 뇌전증의 약물치료지침 2015 3. 데파코트서방정 허가사항 4. Dutta S, Reed RC. Divalproex to divalproex extend release conversion. Clin Drug Invest. 2004;24(9):495-508. 5. Smith MC, Centorrino F, Welge JA, et al. Clinical comparison of extend-release divalproex 
versus delayed-release divalproex: pooled data analyses from trials. Epilepsy Behav. 2004; 5:746-751

[원료약품 및 그 분량] ·데파코트서방정250밀리그램 1정(685.88mg) 중 디발프로엑스나트륨(USP) 269.1mg (발프로산으로서 250mg) ·데파코트서방정500밀리그램 1정(1050.4mg) 중 디발프로엑스나트륨(USP) 538.1mg (발프로산으로서 500mg) [효능·효과] 1.단독 또는 다른 형태의 발작과 관련되어 발생하는 10세이상 소아 및 성인의 복합 부분발작 치료의 단독요법 및 보조요

법: 10세이상 소아 및 성인의 단순 결신성발작 (소발작) 및 혼합 결신성발작 치료의 단독요법 및 보조요법, 결신성발작을 포함하는 10세이상 소아 및 성인의 여러 형태의 발작의 보조요법 2.성인에서의 편두통의 예방: 단, 편두통의 급성 치료에 유효하다는 증거는 확립되어 있지 않다. 3.조증의 치료: 성인에서의 정신병적 특성을 수반하거나 수반하지 않는 양극성 장애와 관련된 급성 조증

(manic) 또는 혼재삽화(mixed episodes)의 치료 단, 조증에 대하여 3주 이상 장기사용시 안전성 ·유효성은 체계적으로 확립되어 있지 않으므로, 장기사용하는 경우에는 각 환자에 대한 유용성을 지속적으로 재평가하여야 한다. [용법·용량] 이 약은 1일 1회 투여하는 제형으로 부수거나 씹지 말고 정제 전체를 삼켜야 한다. 1.발작 치료: 초회량은 1일 체중 kg당 10∼15mg이며, 최적의 임상반

응이 나타날 때까지 매주 체중 kg당 5∼10mg까지 증량한다. 통상적으로 최적의 임상반응은 1일 체중 kg당 60mg이하에서 나타난다. 2. 편두통의 예방: 통상 시작용량으로 1일 1회 500mg을 1주간 투여 후 1일 1회 1000mg으로 증량한다. 3.조증의 치료: 권장 초회량은 1일 체중 kg당 25mg을 1회 투여한다. 원하는 임상효과 또는 혈중농도 범위를 얻을 수 있는 최저 치료용량까지 가능한

한 빠르게 용량을 증량한다. [주요 사용상의 주의사항] 1.경고1) 이 약은 다음과 같은 환자에게 투여하지 말아야 한다. · 간질(뇌전증)의 치료 시 - 임신한 여성은 다른 치료를 받을 수 없는 경우외에는 이 약을 투여해서는 안 된다. - 임신가능성이 있는 여성은 임신예방프로그램 요건(‘5. 일반적 주의’참조)을 모두 충족시키지 않는 경우, 이 약을 투여해서는 안 된다. ·조증의 치료 또는 편두통 예

방 시 - 임신한 여성에게 이 약을 투여해서는 안 된다. - 임신가능성이 있는 여성은 임신예방프로그램 요건을 모두 충족시키지 않는 경우, 이 약을 투여해서는 안 된다. ※ 기타 자세한 사항은 식품의약품안전처 '의약품통합정보시스템(http://nedrug.mfds.go.kr)'을 참조하시기 바랍니다.

공동판매원수입판매원

환인제약주식회사 서울특별시 송파구 법원로 6길 11 환인빌딩 10F 환인제약(주) 

TEL : (02)405-3000, FAX : (02)404-2518

한국애보트유한회사 서울특별시 강남구 영동대로 421 삼탄빌딩 3F 한국애보트(유)

TEL : (02)3429-3500, FAX : (02)565-3197
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데파코트서방정(디발프로엑스나트륨) | Selected Prescribing Information [전문의약품]
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