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Purpose: Lennox-Gastaut syndrome (LGS) is one of the most severe epileptic encephalopathies 
and frequently patients with this syndrome respond poorly to antiepileptic drugs. The aim of this 
study was to evaluate the treatment outcomes of vagus nerve stimulation (VNS) in LGS patients 
with drug-resistant epilepsy. 
Methods: We analyzed the clinical files, collected over 5 years, of children with LGS who received 
VNS treatment. 
Results: Seven children were included in this study (four males, three females; mean age of VNS 
insertion 12.4±3.5 years). All the patients had generalized tonic seizures and there were various 
other seizure types including myoclonic seizures, atonic seizures, and atypical absence seizures. 
Although two patients had normal imaging, five patients had abnormalities on imaging, includ-
ing pachygyria, cortical dysplasia, kernicterus, and a chromosomal anomaly. Comparing the base-
line seizure frequency to the frequency after the VNS surgery, the seizure frequency at the last 
follow-up showed a decrease of 57.2% (0% to 100%) on average (P=0.028) and one patient 
achieved seizure free status. Only two children were given additional antiepileptic drugs with the 
aim of managing their seizures. There was no mortality or complications related to the VNS ther-
apy except one case requiring intensive care unit admission due to pneumonia. Comparing the 
results before and after VNS surgery, the VNS therapy also had a tendency to have a positive ef-
fect on quality of life (P=0.066).  
Conclusion: In LGS patients with drug resistant epilepsy who are not candidates for a corpus cal-
losotomy or resective surgery, VNS could be an effective, low-risk adjunct therapy for decreasing 
seizure frequency. 

Keywords: Vagus nerve stimulation; Lennox Gastaut syndrome; Drug resistant epilepsy; Seizures; 
Quality of life 
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Introduction 

Lennox-Gastaut syndrome (LGS) is one of the most severe epi-
leptic encephalopathies of childhood onset and accounts for ap-
proximately 3% to 10% of all childhood epilepsies [1,2]. The sex 
ratio of patients with LGS is reported as half and half [3], and 
there is a classic triad that defines LGS. First, there are specific 
electroencephalographic (EEG) patterns consisting of bursts of 
diffuse slow spike-and-wave complexes less than 2.5 cycles per 
second in awake patients and generalized paroxysmal fast activity 
of 10 to 20 Hz mainly during non-rapid eye movement sleep [1]. 
Second, LGS patients have diverse seizure types such as tonic sei-
zures, atypical absence seizures and drop attacks including head 
drop or whole body drop [2]. The third feature of LGS is im-
paired mental function with or without behavioral problems [3]. 

LGS is regarded as one of the most challenging epilepsies to 
manage, due to a range of different seizure types which are mostly 
refractory to antiepileptic drugs (AEDs) [4]. The treatments for 
LGS can be classified into medication, diet and surgery. The 
AEDs such as valproic acid, clobazam, topiramate, levetiracetam, 
lamotrigine and rufinamide are considered the preferred AEDs, 
but choosing the most effective AED is challenging and some-
times, based on patient response, a combination of drugs is neces-
sary [3]. Recently, non-pharmacological treatment options have 
been administered to LGS patients including ketogenic diets, va-
gus nerve stimulation (VNS), corpus callosotomy and resective 
surgery. However, most patients with LGS cannot undergo resec-
tive surgery due to the multifocal characters of LGS or the diffi-
culty in localizing a single seizure focus [5]. VNS is increasingly 
being utilized as an adjunctive therapy for patients with drug-re-
sistant epilepsy who are not suitable for resective surgery [6]. The 
objective of our study was to examine the efficacy of VNS in LGS 
patients with drug-resistant epilepsy from a single center in South 
Korea. 

Materials and Methods 

1. Study population and data source 
Between January 2012 and May 2019, a total of 45 patients who 
met all the criteria of LGS visited the Department of Pediatrics at 
Chungnam National University Hospital [2,3]. Among them, 
seven of these patients (15.6%; four males, three females) who 
had drug-resistant epilepsy were treated with VNS (Table 1). The 
first eligibility criterion for the study population was that the age 
at which the VNS device was implanted was younger than 18 
years. The second criterion was that medical records had to con-
tain a minimum of 3 months of data on the patient’s seizure types, 

frequency, and severity prior to implantation and a minimum of 
24 months of follow-up data following implantation. 

In addition to demographic characteristics of the patients, some 
features, such as the patient age at the initial visit and during the 
follow-up period, were obtained retrospectively from the medical 
records. The clinical data were also collected retrospectively from 
the medical records and included the age at seizure onset, age at 
implant, latent period until surgery, post operation follow-up peri-
od, previous history of infantile spasms and diet therapy, seizure 
types, cognition, and etiology.  

The study focused on assessing the change in seizure frequency 
of the predominant seizure type from baseline, meaning the 
3-month period prior to implantation, to 24 months following 
implantation. The predominant seizure type was defined as the 
most disabling seizure type noted in the medical records, not nec-
essarily the most frequent seizure type. This study utilized a six-
point seizure frequency scale [7], and a therapy responder was 
classified as a ≥ 50% reduction in baseline seizure frequency of 
the predominant seizure type following surgery. A six-point sei-

Table 1. Patients demographical and clinical profiles
Variable Value
Gender, male/female 4 (57.1):3 (42.9)
Age at seizure onset (yr) 3.5±4.0 (0.0–12.0)
 <1 3 (42.9)
 3–6 3 (42.9)
 >6 1 (14.2)
Age at surgery (yr) 12.4±3.5 (5.3–16.5)
 <6 1 (14.2)
 >10–16 5 (71.6)
 >16 1 (14.2)
Latent period of surgery (yr) 9.0±5.2 (1.7–14.9)
Postoperation follow-up period (mo) 38.8±6.4 (29.7–49.7)
Seizure types
 Generalized tonic 7 (100.0)
 Myoclonic 5 (71.4)
 Atonic 4 (57.1)
 Atypical absence 1 (14.2)
Etiology
 Symptomatic 5 (71.4)
  Pachygyria 2 (28.6)
  Diffuse cortical dysplasia 1 (14.3)
  Kernicterus 1 (14.3)
  Chromosome abnormality 1 (14.3)
 Unknown 3 (42.9)
Previous history of infantile spasms 2 (28.6)
Previous history of diet therapy 3 (42.9)

Values are presented as number (%) or mean±standard deviation (range).
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zure frequency scale recorded the clinician’s assessment of the pa-
tient seizures as “seizures increased,” “ ≤ 24% seizure reduction or 
no change in seizure frequency,” “25% to 49% seizure reduction,” 
“ ≥ 50% to 90% seizure reduction,” “no seizures reported,” and 
“unknown.” The safety of VNS was monitored by assessing the in-
cidence of all adverse events (AEs) starting from the day of im-
plantation. Clinicians’ assessments of health outcomes were made 
using the Clinical Global Impression of Improvement (CGI-I) 
rating scale. 

2. VNS insertion and parameters 
VNS (VNS pulse® 102·103, Cyberonics Inc., Houston, TX, USA) 
insertion was performed by otolaryngologists under general anes-
thesia and took approximately 2 hours and was done following 
standard surgical procedure [8]. The procedure includes attach-
ing electrodes to the vagus nerve in the left cervical region, con-
necting the bipolar lead of the electrodes to a small generator and 
implanting it under the skin of the left chest region. After a recov-
ery period, the stimulation values were programmed during the 
outpatient visit. For all the patients, the stimulation frequency was 
set as 30 Hz with a pulse width of 500 µs. However, a few parame-
ters were adjusted in each patient once the possibility of complica-
tions or changes in the seizure frequency were factored in. The 
stimulation strength was set to 1.5 mA for one patient, 2.0 mA for 
five patients, and 2.25 mA for one patient. The non-stimulating 
time after 30 seconds of stimulation was adjusted as 3 minutes for 
three patients and 5 minutes for four patients, and this pattern was 
programmed to repeat every 24 hours. 

3. Statistical analysis 
The statistical analysis was done by SPSS version 17.0 (SPSS Inc., 
Chicago, IL, USA). The Wilcoxon Rank Sum test was applied to 
the data to compare non-parametric variables and a P-value of 
< 0.05 was regarded as statistically significant. 

4. Ethics 
This study protocol was reviewed and approved by the Institu-
tional Review Board of Chungnam National University Hospital 
(2017-01-041). Due to its retrospective nature, the study was ex-
empted from requiring informed consent from the participants. 

Results 

1. Demographic and clinical characteristics of the study 
patients 
A total of seven patients (four males, three females) with a VNS 
therapy device implanted were included in this study. The average 

patient age at seizure onset was 3.5 ± 4.0 years (range, 0.0 to 12.0). 
Fig. 1 shows that three patients were younger than 1 year, three 
patients were 3 to 6 years and only one patient was older than 6 
years. The average age at surgery was 12.4 ± 3.5 years (range, 5.3 
to 16.5), one patient was younger than 1 year, five patients were 
10 to 16 years and the other one patient was older than 16 years. 
Period until surgery was 9.0 ± 5.2 years (range, 1.7 to 14.9) and 
the postoperative follow-up period was 38.8 ± 6.4 months (range, 
29.7 to 49.7). 

In our study patients had more than one seizure type, so there 
are a number of findings that overlap in Table 2. All the patients 
had generalized tonic seizures and there were five with myoclonic 
seizures, four with atonic seizures, and one with atypical absence 
seizures. Three patients had normal imaging, while four pa-

Fig. 1. Seizure frequency before vagus nerve stimulation operation 
(OP), at 6, 12, 18, 24, 30, 36, 42, and 48 months after the operation. 
The frequency was reported by caregivers at the outpatient pediatrics 
clinic of Chungnam National University Hospital. PT, patient.

Table 2. Changes on seizure frequency and numbers of AED
Patient 
no.

Baseline seizure 
frequency (/mo)

Seizure frequency at 
last follow-up (/mo)

Baseline 
AED no.

AED no. at last 
follow-up

1 240 120 (50.0↓) 5 5
2 15 16 (6.7↑) 5 5
3 600 180 (70.0↓) 6 6
4 150 45 (70.0↓) 7 4
5 50 0 (100.0↓) 4 4
6 90 30 (67.0↓) 3 4
7 120 60 (50.0↓) 3 5
Total 180.7 64.4 (57.2↓) 4.7 4.7

Values are presented as number (%).
AED, antiepileptic drug.

700

600

500

400

300

200

100

0
12 Pre OP

PT1 PT2 PT3 PT4 PT5 PT6 PT7

6 18 

Month

24 30 36 42 48 

Ann Child Neurol 2019;27(3):63-70

65https://doi.org/10.26815/acn.2019.00108



tients showed abnormal image findings relating to etiology, in-
cluding two with pachygyria, one with diffuse cortical dyspla-
sia, and one with kernicterus. One patient had a chromosomal 
abnormality. Furthermore, there were two patients with a pre-
vious history of infantile spasms and three patients with a pre-
vious treatment history of diet therapy. 

2. Clinical outcomes after VNS insertion 
Table 3 shows that the mean follow-up period after VNS insertion 
was 38.8 months (range, 29.7 to 49.7). When compared with the 
baseline seizure frequency, the frequency at the last follow-up de-
creased by 57.2% on average. The largest reduction was 100.0% 
(from 50 to 0 times per month) and the smallest was 50.0% seen 
in two patients (from 240 to 120 and from 120 to 60 times per 
month), with the latter nonetheless a responder. The patient with 
the largest reduction of seizure frequency was seizure free during 
the last 12 months of follow-up. In contrast, there was one patient 
with a 6.7% increase in seizure frequency (from 15 to 16 times per 

month). The baseline and change in seizure frequency of each pa-
tient at 6-month intervals and at the last follow-up are shown in 
Fig. 1. Using the seizure frequency before surgery and at the last 
follow-up, the P-value was 0.028 which it is statistically significant. 
Looking closer, there were some fluctuations in seizure frequency 
during the follow-up period, but all the patients showed a ≥ 50% 
reduction in seizure frequency from the first postoperative visit, 
classifying them all as responders. 

As can be seen in Tables 3 and 4, most patients took the same 
number of AEDs from baseline until last the follow-up visit. The 
exceptions were two children, where AEDs were added (from 3 to 
4 and from 3 to 5) and one child who’s AEDs were reduced (from 
7 to 4). The number of AEDs were adjusted at outpatient fol-
low-up visits based on the symptoms and overall condition of the 
patient. All the children with increase number of AED keep the 
existing drugs and started to take clobazam, and lacosamide plus 
vigabatrin each. Both of them got the decreased seizure frequency 
for at least 6 months after VNS surgery without any changes on 

Table 3. Level of benefit achieved with vagus nerve stimulation therapy

Patient no.
Severity of illness

CGI-I Efficacy index
Before After

1 7 7 4 Unchanged
2 5 4 2 Moderate
3 5 4 3 Minimal
4 6 2 1 Marked
5 4 4 3 Minimal
6 4 4 3 Minimal
7 7 5 3 Minimal
Description of the grades 0=Not assessed 0=Not assessed Marked

1=Normal, not at all ill 1=Very much improved Moderate
2=Borderline mentally ill 2=Much improved Minimal
3=Mildly ill 3=Minimally improved Unchanged or worse
4=Moderately ill 4=No change Not assessed
5=Markedly ill 5=Minimally worse
6=Severely ill 6=Much worse
7=Among the most extremely ill patients 7=Very much worse

CGI-I, Clinical Global Impression of Improvement.

Table 4. Retrospective studies on vagus nerve stimulation efficacy South Korea

Study Study population No. of centers Total no. Patients 
with VNS

Patients 
with LGS

Follow-up 
period

Patients with greater 
than 50% reduction (%)

Kim et al. (2004) [20] Intractable pediatric epilepsy Multiple 12 12 9 3–57 mo 67
You et al. (2005) [21] Intractable pediatric epilepsy Single 7 7 2 12–44 mo 71
Kang et al. (2005) [22] Intractable pediatric epilepsy Single 297 5 2 6–88 mo 40
Yum et al. (2007) [23] Lennox-Gastaut syndrome Single 79 7 7 5.0±3.3 yr 29
Current study Lennox-Gastaut syndrome Single 7 7 7 3.2±0.5 yr 86

VNS, vagus nerve stimulation; LGS, Lennox-Gastaut syndrome.
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the existing AEDs. A few months after VNS operation, the num-
ber of AEDs were adjusted at outpatient follow-up visits based on 
the symptoms and overall condition of the patient. Even with the 
adjustment of AEDs, there was no difference in seizure frequency 
of two children over 1 year after adding new drugs. 

In terms of complications, one patient was admitted to the in-
tensive care unit (ICU) because of pneumonia that developed on 
day 4 postsurgery which was further complicated by atelectasis 
and a right-sided pleural effusion. The patient stayed in ICU for 
17 days receiving the necessary treatment for the pneumonia and 
was discharged from the hospital in good condition on day 30 
postsurgery. Apart from this patient, there were no other AEs re-
lating to the surgery, including the more common neurological 
complications such as a hoarse voice. 

3. Level of benefit achieved with adjunctive VNS therapy 
over time 
The level of benefit, relating to quality of life (QOL), gained from 
adjunctive VNS therapy was assessed by the physician following 
at least 24 months of VNS treatment. Table 4 shows the assess-
ment of the patient’s overall condition and makes a comparison of 
the patient’s condition before and after VNS insertion. Three chil-
dren experienced no change and four patients had an improve-
ment in illness severity. Among those that saw an improvement, 
two children’s assessments went from “markedly ill” to “moderate-
ly ill,” and the most improved patient was assessed as “borderline 
mentally ill” where it was previously “severely ill.” The remaining 
patient was initially assessed as “among the most extremely ill pa-
tients” (the worst possible condition before VNS insertion) and 
even her condition improved, assessed as “markedly ill” postoper-
atively, which is a two-step improvement (P = 0.066). 

As can be seen in Table 4, when using the GCI-I scale, “very 
much improved” was the best result occurring in patient 4. Patient 
2 placed second with a result of “much improved,” followed by the 
“minimally improved” result seen in patients 3, 5, 6, 7 and finally a 
result of “no change” in patient 1. Patient 1 also obtained the result 
of “unchanged” on the efficacy index, while four patients scored 
“minimal,” one “moderate,” and one “marked.” 

Discussion 

LGS is a severe childhood-onset epileptic syndrome characterized 
by multiple seizure types with high frequency, mental retardation 
and an EEG pattern of diffuse, slow spike-wave complexes and 
generalized fast activity. In most cases LGS responds poorly to 
AEDs [5]. Previous studies have reported that only 6.7% to 13.7% 
of patients achieve seizure freedom with pharmacotherapy [9]. 

Various treatment options have recently been applied in LGS pa-
tients, including ketogenic diets, resective surgery, corpus calloso-
tomy and VNS. However, the majority of LGS patients are not 
candidates for resective surgery due to the multifocal characteris-
tics of the disease or the difficulty to localize a single seizure focus 
[10]. When medication fails and resective surgery is impossible, 
other alternative therapies are considered [8]. 

VNS can be offered as one of these alternative therapies. It is a 
type of palliative surgery that was originally approved by the Food 
and Drug Administration in 1997 as an adjunctive therapy for 
adults and adolescents who are not eligible for resective surgery [5]. 
VNS is one of the most common neuromodulation-based therapies 
available. The VNS system consists of a battery-powered pulse gen-
erator implanted below the clavicle and a lead that is wrapped 
around the left vagus nerve in the carotid sheath [11]. Although 
complete seizure freedom with VNS insertion is rare, it is often ben-
eficial in reducing seizure frequency and improving QOL [12]. 

Recently, many studies have reported that VNS therapy might 
be helpful to decrease seizure frequency. Gonzalez et al. [11] ex-
amined several studies assessing VNS efficacy and summarized 
that blinded randomized controlled trials for both children and 
adults with intractable epilepsy demonstrated that 23% to 57% of 
patients attain responder status (a seizure frequency reduction of at 
least 50%) with short-term follow-up. In a multicenter study, De-
Giorgio et al. [13] provided further evidence of VNS efficacy with 
the publication of a non-blinded randomized controlled trial of 
VNS implantation in 28 participants, resulting in a median seizure 
reduction of 30% and 45% of patients achieving responder status. 
From a systematic literature review Gonzalez et al. [11] also sug-
gested that long-term studies have shown a progressive increase in 
response to VNS as duration of implantation increases. The data 
they examined, from 2,869 patients across 78 studies, showed an 
increase in both responder rate and seizure freedom rate over time 
[11]. Additionally, Kim and Kim [2] treated nine Korean LGS pa-
tients with VNS therapy and reported a mean reduction in seizure 
frequency of 52% after 6 months and 58% after 1 year. 

Our study aimed to add further evidence of VNS efficacy in 
Korean patients, especially after a relatively long period of more 
than 24 months. Seizure frequency at the last follow-up decreased 
by 57.2% on average compared with the baseline and with 
non-parametric statistics a P-value of 0.028 was produced, which 
means that VNS resulted in a statistically significant decrease in 
seizure frequency. Examining the changes in seizure frequency in 
further detail, all the patients were responders directly after the 
VNS surgery. After several unstable months with significant fluc-
tuations, the seizure frequency of most patients settled at a specif-
ic level and was subsequently maintained. 
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At the last follow-up visit one patient was completely seizure 
free, but one patient was reported as having a similar seizure fre-
quency compared to the baseline. The first child stopped having 
seizures 18 months after the VNS surgery and remained seizure 
free for 12 months. According to Braakman et al. [4], seizure free-
dom in LGS may rarely be achieved by VNS therapy and has been 
reported after a period of three years of VNS, which means our pa-
tient had a rapid response. In the study of Gonzalez et al. [11] 60% 
of patients achieved responder status following VNS and only 8% 
of patients were seizure-free at the last follow-up. Therefore, it is 
necessary to monitor the patient’s seizure frequency regularly for 
few more years, even if the child does not have any seizures, before 
making an accurate judgement about seizure-free status.  

The second child with the similar seizure frequency compared 
to the baseline was a responder initially, directly after the VNS op-
eration. The child’s baseline seizure frequency was 15 which is rel-
atively low and there were continuous fluctuations in seizure fre-
quency after the VNS surgery. Just 6 months before his last fol-
low-up visit the patient was a responder. With the initial baseline 
seizure frequency low, one can argue that smaller changes in fre-
quency may be more significant for this patient than in a patient 
with a high baseline frequency. Thus, it might not always be that 
important to assess the exact reduction in monthly seizures, but to 
rather evaluate the patient’s overall condition and subjective bene-
fit, while monitoring changes in seizure frequency at regular inter-
vals on a long-term basis. 

VNS therapy has been reported to have a positive influence on 
QOL by several articles [14,15]. Clark et al. [16] suggested that 
the QOL in patients with over 50% seizure reduction after VNS 
surgery were mainly due to the improvement of alertness, memo-
ry, and emotion. In our study clinician’s utilized the CGI-I scale to 
assess the patient’s overall condition, while the severity of illness 
and efficacy index scales were used to examine the outcomes of 
the VNS therapy. At the last follow-up assessment, there were four 
patients that scored “minimally improved,” one patient “much im-
proved,” one patient “very much improved,” and one patient “no 
change.” A non-parametric test produced a P-value of 0.066 and as 
it is greater than 0.05 it means that there is no statistically signifi-
cant improvement with VNS on the CGI-I scale. However, the 
P-value was close to 0.05, so it appears that VNS tends to produce 
a positive effect on the CGI-I scale. 

Several studies on the effects of VNS have also reported im-
provements of other factors related to QOL, including alertness, 
concentration, energy, memory, mood, verbal communication, 
progress with schoolwork and development of life skills [7]. Zam-
poni et al. [17] found that one-third of patients improve their 
adaptive behavior and half of patients reported a better QOL, de-

spite epilepsy severity. Orosz et al. [7] showed an improvement in 
alertness in 66.1% of patients with adjunctive VNS and benefits in 
the areas of concentration, energy, mood, verbal communication 
and progress with school work in about one-third of patients at 24 
months follow-up. Our study also gathered data relating to QOL 
from patients and caregivers at the outpatient visits. All the pa-
tients experienced improvement in alertness and there was one 
patient with a gradual reduction in drooling. Furthermore, one 
patient became potty-trained after VNS surgery which positively 
affect not only the quality of the patient’s life, but also that of the 
caregiver’s. One caregiver of another patient also expressed satis-
faction about VNS therapy, reporting that the patient who was in 
a wheelchair at the first visit of the clinic became to be able to walk 
alone and have better communication skills with improvement of 
alertness. As mentioned like this, there were subjective descrip-
tions from caregivers representing diverse range of symptom re-
lieves and better conditions of the LGS patients. The current 
study did not set specific parameters relating to QOL, but by pro-
viding the caregiver or patient with a survey that includes com-
mon elements of QOL, such as alertness, global interaction, or 
night-time sleep, more objective and accurate data can be ob-
tained, particularly over a longer time period. 

By anchoring and stimulating the vagus nerve, the VNS system 
lets patients control over-excitabilities without damaging brain 
tissue, and depending on the symptoms, modulate stimulation in-
tensity [2]. Despite these advantages, there are complications of 
VNS therapy which can be classified into two categories: (1) 
those associated with surgical implantation and (2) those related 
to electrical stimulation [18]. According to Giordano et al. [19], 
the complications related to surgery include intraoperative brady-
cardia and asystole during lead impedance testing, hematoma, in-
fections, and vagus nerve injury resulting in hoarseness, dyspnea 
or dysphagia due to left vocal cord paralysis. However, in most 
cases the paralysis only persists for a few months and then resolves 
[19]. As mentioned, patients can also suffer from complications 
associated with electrical stimulation of the vagus nerve. Examin-
ing several studies on the complications of stimulation, Gonzalez 
et al. [11] concluded that hoarseness is the most prevalent adverse 
effect and some studies have recently suggested an association be-
tween VNS and sleep apnea. In our study, there was only one pa-
tient who was admitted to the ICU due to pneumonia which, as 
an infection following the operation, can be classified as a compli-
cation of the VNS surgery. Apart from this case, there were no 
other complications related to the VNS surgeries and no symp-
toms associated with stimulation such as hoarseness, stimulation 
of the phrenic nerve due to proximity or obstructive sleep apnea. 

There were four retrospective studies on VNS efficacy pub-
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lished in South Korea. Thus, the present article briefly reviewed 
those studies with Table 4 and looked into similarity or difference 
comparing to the current study. Kim et al. [20] retrospectively re-
viewed medical records of 12 patients (nine of them were LGS 
patients) with intractable children epilepsy who got VNS inser-
tion from two university hospitals, and 67% of the whole patients 
got over 50% reduction of seizure frequency. Among those pa-
tients, one patient with partial seizure showed a 90% reduction, 
and another patient originating from previous encephalitis got a 
75% reduction at 12 and 24 months. Also, there were two patients 
with some improvements on EEG. Hoarseness, respiratory diffi-
culty during sleep, infection of the surgical wound, increased sali-
vation, and failure of pulse generator were transiently presented as 
the complications of VNS, and relieved after coordinating output 
current of the generator. You et al. [21] also retrospectively re-
viewed medical records of seven patients (two of them were LGS 
patients) with intractable children epilepsy who got VNS inser-
tion from one medical center, and 71% of the whole patients 
showed greater than 50% reduction of seizure frequency. They in-
dicated that the seizure reduction appeared 3 months after VNS 
insertion, and mentioned positive effects on EEG and QOL. The 
study also reported VNS complications such as hoarseness and 
wound infection appeared in few cases for short period. 

Kang et al. [22] also retrospectively studied medical records on 
297 patients with intractable children epilepsy, which is relatively 
big number compared with other studies from single medical cen-
ter. They investigated the effects of antiepileptic drugs, predniso-
lone, ketogenic diet, epilepsy surgery, and VNS. Among the whole 
study population, five patients got VNS insertion and two of them 
were diagnosed with LGS. Over 50% reduction of seizure fre-
quency was appeared at 40% of those five patients, and the study 
concluded that VNS therapy appears to be successful regardless of 
seizure type or cause and attractive as non-pharmacologic aspects. 
Lastly, Yum et al. [23] retrospectively checked medical records on 
79 LGS patients at one medical center and there were seven pa-
tients who got VNS therapy among the whole study population. 
Greater than 50% reduction of seizure frequency were shown at 
29% among those seven patients. Due to errors of pulse generator, 
one patient appears to have severe symptoms of stimulated vagus 
nerve, but continue the state of seizure free for several weeks at 
the same time. The study claimed that the number of patients 
with VNS therapy was too small to clearly figure out the efficacy 
of VNS, but there was no critical complication. 

Although there were some differences between those four stud-
ies and the present study, the conclusion that VNS appears to be 
effective and safe choice for VNS was common. Also, the four 
studies and the current study similarly examined the efficacy of 

VNS with seizure frequency reduction and mentioned complica-
tions of VNS therapy. Unlike the four articles which had relatively 
short minimum follow-up period or checked the seizure frequen-
cy for every 12 months, the present article indicated seizure fre-
quency of each patient more specifically on Fig. 1, for every 6 
months during relatively long follow-up period with minimum of 
24 months. Looking through the Fig. 1, readers would be able to 
see the overall flow of seizure frequency on each patient. Also, You 
and colleagues mentioned the effects of VNS on QOL of the pa-
tients only with the reports from caregiver about few factors relat-
ed to QOL such as alertness, communication or exercise skills. 
On the other hand, the present article described QOL with both 
CGI-I scale and reports from caregivers of the patients, differed 
from the other studies. 

The present study has a few potential limitations. The study was 
based on the data of only seven patients at a single medical center. 
It would be of great help to recruit additional patients by cooperat-
ing with other hospitals to draw more universal conclusions and 
identify various etiologies. Although all the follow-up periods of 
seven patients was more than 24 months, performing consistent 
follow-up for each patient would also enable the collection of 
broader data. The other limitation is that our study mainly utilized 
caregivers’ reports to assess changes in seizure frequency. Consid-
ering the age of the patients and specificity of current equipment 
available used to monitor for seizures such as generalized ton-
ic-clonic seizures, using a device like an epilepsy-recording bracelet 
might be helpful to gather more objective and accurate data. 

Our study established that VNS therapy positively affects LGS 
patients in terms of decreasing seizure frequency and improving 
QOL. Apart from rare complications from the VNS surgery and 
vagal stimulation, VNS can be regarded as a relatively safe and ef-
fective treatment modality for patients with LGS, which is a very 
challenging epileptic encephalopathy to manage. In future, more 
multicenter studies with more objective data collection conduct-
ed over longer time periods are necessary for further evidence of 
VNS use in LGS. As mentioned before, most studies about VNS 
including the current study examine the medical records retro-
spectively. For establishing VNS as a safe and reliable option to 
pharmaco-resistant epileptic patients, it would be helpful to fol-
low-up on patients who received VNS therapy decades ago in 
their childhood, and prospectively identify the current efficacy 
plus any late complications. 
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Purpose: Childhood absence epilepsy (CAE) is a common form of idiopathic generalized epilepsy 
with onset middle childhood and has typically a good prognosis, but remission rates vary. We 
aimed to analyze unfavorable prognostic factors in children initially diagnosed with CAE. 
Methods: We retrospectively reviewed 48 patients under 13 years of age who were diagnosed 
with CAE at the Severance Children’s Hospital, Seoul, Korea. We analyzed clinical information in-
cluding comorbidity through neuropsychological test. 
Results: Thirteen of the 48 patients (27%) showed an unfavorable prognosis, with clinical sei-
zures or seizure waves on electroencephalogram persistent even after 12 months of anticonvul-
sant therapy. The mean age at absence seizure onset was 6.51±2.36 years. The most commonly 
used antiepileptic drug (AED) was ethosuximide, and the median duration of initial AEDs was 
25.63±24.41 months. The presence of comorbidity and clinical absence seizures after 6 months 
of AEDs correlated with an unfavorable prognosis. Motor seizures were the most unfavorable 
prognostic factor during follow-up. 
Conclusion: This study shows that clinical absence seizures after 6 months of AED, comorbidity, 
and motor seizure are the most important predictive factors of an unfavorable prognosis for ab-
sence epilepsy in childhood. This study suggests that when these factors are observed, early in-
tervention needs to be considered. 
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Introduction 

Childhood absence epilepsy (CAE) is a common form of idio-
pathic generalized epilepsy with onset in middle childhood [1-3]. 
The definition of CAE is based on the frequency of absences or 
patterns of recurrence, and on age of seizure onset [4]. The onset 
age of CAE is usually between 4 and 10 years, and it is character-
ized by frequent and brief typical absences with abrupt impair-
ments of consciousness. Typically, CAE leads to ictal discharges of 
generalized high-amplitude spikes and slow complexes on electro-

encephalogram (EEG) recordings, rhythmic at 3 Hz with normal 
or mildly abnormal background activity [4-6]. Occipital intermit-
tent rhythmic delta activity (OIRDA) on EEG is seen in one-third 
of children with CAE. Occasionally, children with absence epilepsy 
also suffer motor seizures [4]. In most patients, seizures are pro-
voked by hyperventilation [6]. 

CAE is typically pharmaco-responsive, and usually treated with 
antiepileptic drugs (AEDs) such as ethosuximide (ETX), valproic 
acid (VPA), or lamotrigine (LTG) [1,2,7-9]. As the prognosis is 
related to various aspects of remission rates [2,3,7-9]. Here, we sta-
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tistically studied the prognostic factors for absence epilepsy in 
childhood. 

Materials and Methods 

1. Patient information 
Patients who were diagnosed and treated with typical CAE at the 
first onset at the Severance Children’s Hospital, Seoul, Korea be-
tween June 2009 and June 2017 were retrospectively reviewed. 
Typical CAE was defined as patients with pyknoleptic absence sei-
zure and 3 to 4 Hz rhythmic generalized spike-and-wave (GSW) 
on EEG with normal development. Of the 78 newly diagnosed pa-
tients, 48 patients, underwent follow-up EEG at 6 and 12 months, 
and had started their first AEDs treatment at our hospital, were in-
cluded. Patients initially diagnosed with CAE were involved in this 
study, but a percentage of the patients progressed to juvenile myoc-
lonic epilepsy (JME) or juvenile absence epilepsy (JAE). 

We analyzed clinical information including sex, age at absence 
seizure onset, EEG patterns, type and duration of AEDs, hyper-
ventilation provocation test, whether motor seizures occurred 
during follow-up, and comorbidities. We also evaluated the effec-
tiveness of AEDs at 6 and 12 months, and reviewed EEG pattern at 
6 and 12 months under AEDs treatment. In this study, comorbidi-
ties analyzed through neuropsychological test including Korean 
Wechsler Intelligence Scale for Children-III and Korean Attention 
Deficit Hyperactivity Disorder (ADHD) Rating Scale. We defined 
a favorable prognosis as no clinical seizures and no seizure waves 
on EEG after the 12 months of AEDs. We defined an unfavorable 
prognosis as the presence of clinical or EEG seizures even 12 
months after the onset of AEDs. 

This study was approved by the Institutional Review Board of 
Severance Hospital (4-2016-0080). Informed consent was waived 
due to the retrospective nature of the study. 

2. Statistical analysis 
Data processing and analysis were performed with SPSS version 
23.0 (IBM Co., Armonk, NY, USA). We used independent-sample 
t-tests, Fisher’s exact test, and Pearson’s chi-square test to compare 
variables and their relationships with prognosis. Multivariate logistic 
regression models with forward stepwise conditional selection of 
variables were used to confirm the correlation between each factor 
and a poor prognosis. A P value <0.05 were considered significant. 

Results 

Table 1 summarizes the main characteristics of two groups, favor-
able and unfavorable prognosis. The favorable prognosis was de-

fined as no clinical seizures and no seizure waves on EEG after 
the 12 months of AEDs. The unfavorable prognosis was defined 
as persistence of clinical seizures or seizure waves on EEG even 
after the 12 months of AEDs. The Thirteen of the 48 patients 
(27%), showed an unfavorable prognosis. Twenty-nine patients 
were female, 19 were male, and the total female ratio was thus 
60.4%. Mean age at absence seizure onset was 6.51 ± 2.36 years 
(range, 3.0 to 12.5), the mean age of the patients with a favorable 
prognosis was 6.42 ± 2.20 years (range, 3.33 to 12.5), and the 
mean age of the patients with an unfavorable prognosis were 
6.75 ± 2.86 years (range, 3.0 to 1.92), with no significant differ-
ences between the groups. In the EEG patterns, 3 to 4 Hz GSW 
complexes were observed in 35 patients (72.9%) on normal 
background, and OIRDA was observed in eight patients 
(16.7%). The median duration of initial AED was 25.63 ± 24.41, 
23.63 ± 13.83 months in the group with a good prognosis and 
31.00 ± 41.83 months in the group with a poor prognosis, respec-
tively. The hyperventilation provocation test was negative in 13 
patients (27.1%). 

In 19 patients (39.6%), follow-up EEG was normalized after 6 
months of AED therapy, while GSW complexes remained visible 
in 29 patients (60.4%). In 33 patients (68.8%), clinical seizures 
improved after 6 months of AED therapy, while clinical seizures 
were still observed in 15 patients (31.2%). Of the 33 patients 
who had no clinical seizures after 6 months, only 19 patients also 
showed improved EEG seizures. Ten patients (20.8%) had at 
least one motor seizure during the follow-up, and 10 patients 
(20.8%) had comorbidities. Three of these had ADHD accord-
ing to Diagnostic and Statistical Manual of Mental Disorders 
(DSM)-IV diagnostic criteria, while four patients only had atten-
tion deficits. One patient had a tic disorder, one patient had 
claustrophobia, and two patients had febrile motor seizures. Six 
of the 10 patients with comorbidities had a poor prognosis. 

Three AEDs, ETX, VPA, and LTG were used in this study. The 
most commonly used AED was ETX (7.5 to 25 mg/kg/day), 
which was taken by 26 patients (54%). VPA (5 to 30 mg/kg/
day) was the second most common AED, and LTG (0.2 to 4.5 
mg/kg/day) was the third. Thirty-two of patients (66.6%) used 
a second AED including VPA, ETX, and LTG due to uncon-
trolled seizures on the first AED or the side effects of the first 
AED. When ETX was used as the 1st AED, VPA was used as the 
2nd AED in 13 patients (75%), and LTG was used as the 2nd 
AED in four patients (25%). When VPA was used as the 1st 
AED, ETX was used as the 2nd AED in seven patients (64%), 
and LTG was used as the 2nd AED in four patients (36%). When 
LTG was used as the 1st AED, VPA and ETX were selected as the 
2nd AED in the same ratio. 
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Univariate analysis showed that a clinical seizure even after the 
first 6 months of AED treatment, at least one motor seizure, and 
comorbidities, correlated with an unfavorable prognosis (Fig. 1A). 
The most significant unfavorable prognostic factor was a motor 
seizure at least once. There was a tendency towards an unfavorable 
prognosis with the age at absence seizure onset increasing (odds 
ratio [OR], 1.060), which did however not reach significance 
(P = 0.668). Although not statistically significant, the prognosis 
was worse when seizures were not induced by a hyperventilation 
test (OR, 2.109). The prognosis was poor when GSW were still 
visible on EEG after 6 months of AED therapy (OR, 5.194), which 
did however not reach significance (P = 0.050). All results are 
shown in Fig. 1. 

The independent variables that were significant in univariate 
analysis were tested using a multivariate logistic regression analy-
sis with a forward stepwise conditional selection method. Motor 
seizures ranked first in the factor hierarchy of unfavorable prog-
nosis (OR, 105.825), followed by comorbidities (OR, 14.154) 
(Fig. 1B). Clinical absence seizures 6 months after AEDs did not 
reach significance in the multivariate analysis (P = 0.082). 

Discussion 

The purpose of our study was to statistically analyze prognostic 
factors in children with absence epilepsy, confirming the prognos-
tic factors identified in previous studies, and determining new pre-
dictors. Among the patients diagnosed as CAE initially, the unfa-
vorable prognostic factors were moter seizure, comorbidity, and 
clinical absence seizure 6months after the start the AEDs. Because 
the prognosis may vary according to patient selection, patients 
were selected according to the International League Against Epi-
lepsy (ILAE) criteria for JAE, JME, and CAE. CAE differs from 
JAE in that the onset age is lower and absence seizures occur more 
frequently [1,8]. JAE presents in late childhood or adolescence 
with less frequent typical absences and generalized tonic-clonic 
seizures (GTCs). JME usually presents in adolescence with promi-
nent myoclonic jerks that characteristically occur in the morning, 
and GTCs [8]. The overall prognosis of CAE is favorable but re-
mission rates vary [2,3,7-9]. Previously known favorable prognos-
tic factors include a shorter interval to loss of 3-Hz spike-and-wave 
complexes, the presence of OIRDA on EEG, and a prompt re-

Table 1. Characteristics of patients with childhood absence epilepsy according to prognosis
Characteristic Favorable prognosis (n=35) Unfavorable prognosis (n=13) Total (n=48) P value
Female (%) 20 (57.1) 9 (69.2) 29 (60.4) 0.522
Onset age (years old) 6.42±2.20 (3.33–12.5) 6.75±2.86 (3.00–11.92) 6.51±2.36 (3.00–12.5) 0.714
EEG GSW duration (sec) 39 (81.3) 1.000
 <3 7 (22.6) 1 (12.5) 8 (20.5)
 ≥3 24 (77.4) 7 (87.5) 31 (79.5)
EEG patterns 0.030
 GSW with normal background 29 (82.9) 6 (46.2) 35 (72.9)
 OIRDA 4 (11.4) 4 (30.8) 8 (16.7)
 Multifocal sharp 2 (5.7) 3 (23.1) 5 (10.4)
1st AED
 Ethosuximide 20 (57.1) 6 (46.2) 26 (54.2)
 Valproic acid 12 (34.3) 4 (30.8) 16 (33.3)
 Lamotrigine 3 (8.6) 3 (23.1) 6 (12.5)
1st medication duration (mo) 23.63±13.83 (2–72) 31.00±41.83 (2–138) 25.63±24.41 (2–138) 0.544
HV provocation-negative 8 (22.9) 5 (38.5) 13 (27.1) 0.298
EEG at 6 mo FU 0.049
 Normalization 17 (48.6) 2 (15.4) 19 (39.6)
 GSW 18 (51.4) 11 (84.6) 29 (60.4)
Clinical absence seizures at 6 mo FU 0.012
 Negative 28 (80.0) 5 (38.5) 33 (68.8)
 Positive 7 (20.0) 8 (61.5) 15 (31.2)
Motor seizures 1 (2.9) 9 (69.2) 10 (20.8) 0.000
Comorbidities 4 (11.4) 6 (46.2) 10 (20.8) 0.160

Values are presented as number (%) or mean±standard deviation (range).
EEG, electroencephalogram; GSW, generalized spike-and-wave complexes; OIRDA, occipital intermittent rhythmic delta activity; AED, antiepileptic drug; HV, 
hyperventilation; FU, follow-up.
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sponse to AEDs [2,3]. Unfavorable prognostic factors include late 
onset age, nonpyknoleptic absence seizure patterns, later develop-
ment of myoclonic attacks or GTCs, atypical EEG features, psychi-
atric comorbidities, and side effects of AEDs [2-4,6,8,10,11]. 

In an earlier study, of 39 adult patients with typical absence sei-
zures from 10 years of age, 12% were diagnosed with JAE and 7% 
with JME [12]. There is however a period of overlap between 
CAE and JME. In a retrospective study, 18% of patients diagnosed 
with JME evolved from CAE [13]. Linkage to chromosome 1 has 
also been reported in patients with absence seizures from child-
hood that were later diagnosed with JME [6,14]. In addition, sev-
eral chromosomal loci have been identified in families of patients 
with absence seizures from childhood [6,15]. Recently, several epi-
lepsy genes have been found in idiopathic generalized epilepsies 
with unclear family history and a genetic mutation in gamma-ami-
nobutyric acid receptor alpha-1 has been found in CAE and JME 
[6,16]. 

In this study, only monotherapy was started at the time of initia-
tion and more than 50% of patients started treatment with ETX, 
considering the effects and side effects. This study shows that the 
presence of clinical absence seizures after 6 months of taking 
AEDs, motor seizures, and comorbidities are the most important 

predictive factors for an unfavorable prognosis. Generally, GTC or 
myoclonic jerks are not suitable for CAE diagnosis. However, in 
this journal, we tried to evaluate whether the prognosis is worse if 
patients initially diagnosed with typical CAE had even once motor 
seizure. In patients initially diagnosed with typical CAE, those with 
motor seizure progressing to JAE, JME showed the most unfavor-
able prognosis. 

In this study, neuropsychological tests were performed at the 
time of the first diagnosis to check for neurodevelopment status 
and unknown comorbidity such as ADHD and attention deficits. 
The prognosis was also unfavorable when there was comorbidity 
[10,11].

The neuropsychological test follow-up was not performed peri-
odically after diagnosis in this study. But it may be necessary to 
check psychosocial outcome whether the learning difficulty is af-
fected after diagnosis and treatment by neuropsychological test. 

The absence of a clinical seizure within 6 months of taking 
AEDs can be considered as a good response to treatment. This 
study is in line with earlier reports showing similar results [2-
4,8,10,11]. EEG abnormalities after 6 months of therapy with 
AEDs was not identified as a poor prognostic factor in this study, 
as the statistical tests did not reveal significance. However, as in 

Fig. 1. Graphic presentation of the univariate and multivariate analysis for the poor prognostic factors in patients with childhood absence 
epilepsy. (A) Univariate analysis. (B) Multivariate analysis. OR, odds ratio; CI, confidence interval; yo, years old; EEG, electroencephalogram; 
GSW, generalized spike-and-wave complexes; OIRDA, occipital intermittent rhythmic delta activity; HV, hyperventilation; FU, follow-up; 
AED, antiepileptic drug.
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previous studies, the prognosis was five times worse when GSW 
complexes were observed on EEG 6 months after the administra-
tion of AEDs [2]. An EEG follow-up within 6 months to predict 
the prognosis would thus seem warranted. 

Previous studies have shown a good prognosis with OIRDA and 
a poor prognosis with EEG polyspikes, but none of these two EEG 
abnormalities showed a significant correlation with prognosis in 
this study [2-4,8,10,11]. We assumed that the prognosis would be 
worse if the duration of visible GSW complexes was long or if they 
were not easily provokated by hyperventilation, but our analysis 
did not yield statistical significance. 

This study is limited by its retrospective analysis approach as 
well as by its small sample size and single-center design. In addi-
tion, the lack of long-term follow-up observations has limited our 
assessment of epilepsy syndromes. Further studies are needed to 
investigate the relationships between prognostic factors and 
evolvement into other epilepsy syndromes, as well as potential re-
lationships with genetic mutations. 

In conclusion, our study suggests that in cases of clinical seizures 
even after 6 months of AED treatment, motor seizures, or comor-
bidities, early intervention should be considered. A prospective or 
randomized controlled clinical trial in the future might be able to 
provide more detailed results.  
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Purpose: The aim of this study was to evaluate the efficacy and tolerability of perampanel as ad-
junctive therapy in childhood-onset refractory epilepsy. 
Methods: We retrospectively reviewed the medical records of 110 patients who were treated with 
perampanel in Asan Medical Center children’s hospital. Two patients with poor compliance were 
excluded and 108 patients were enrolled. The clinical characteristics were reviewed, and the total 
seizure frequency before and after the add-on of perampanel was analyzed. 
Results: The mean age of the patients (64 males) was 20.2 years (range, 10.5 to 35.6). The mean 
maintenance dose was 4.8 mg/day (2 to 10 mg). Eight patients (7.4%) achieved seizure freedom 
and 35 (32.4%) achieved a seizure reduction of ≥50%. Among them, three patients achieved sei-
zure freedom with only 2 mg/day of perampanel. There was no significant difference in sex, age 
at seizure onset, duration of epilepsy, use of concomitant enzyme-inducing antiepileptic drugs, 
number of concomitant antiepileptic drugs, and adverse events between responders and non-re-
sponders. The retention rate was up to 68.0% in the first year and 59.5% in the second year of 
the study. Thirty-four patients (31.5%) reported adverse events: violence, somnolence, dizziness, 
drooling, weight gain, insomnia, and vomiting. There was no contributing factor for the adverse 
events, including sex, age, and the number of concomitant antiepileptic drugs and enzyme-in-
ducing antiepileptic drugs when comparing the adverse event present group with the adverse 
event absent group. 
Conclusion: Low-dose perampanel showed reasonable efficacy and tolerability in patients with 
refractory childhood-onset epilepsy. Further validation with pharmacokinetic studies is needed.  
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Introduction 

Childhood-onset epilepsy is a common neurological disease that 
affects approximately 0.5 to 1 in every 100 children and young 
people [1]. Despite the many newly developed antiepileptic drugs 
(AEDs), 20% to 30% of patients do not achieve acceptable seizure 

control with the current pharmacotherapy. Drug-resistant seizures 
can cause cognitive impairment, behavioral and mental health 
problems, and eventual deterioration of their quality of life [2]. 
Thus, early seizure control with appropriate AEDs is very import-
ant for patients with epilepsy. 

Perampanel (PER) is a highly selective, non-competitive, orally 
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active antagonist of the α-amino-3-hydroxy-5-methyl-4-isoxazole-
propionic acid (AMPA) receptors for glutamate, the major excit-
atory neurotransmitter in the central nervous system [3-5]. The 
role of AMPA receptors in the generation and spread of epileptic 
seizures has been demonstrated in many studies [6-10]. Overex-
pression of AMPA receptors is also observed in the hippocampal 
and neocortical tissue of patients with epilepsy [11,12]. PER is 
mainly metabolized in the liver by cytochrome P450 (CYP3A4/6); 
therefore, enzyme-inducing antiepileptic drugs (EIAEDs), such as 
carbamazepine (CBZ), oxcarbazepine (OXC), and phenytoin 
(PHT), can reduce its concentrations up to 50% to 60% [13] and 
concomitant use of EIAEDs has been reported as a clinical factor 
for poor response to PER and concomitant use of EIAEDs has been 
reported as a clinical factor for poor response to PER [14]. 

PER was initially approved for adjunctive treatment of focal sei-
zures (with or without secondarily generalized seizures) in patients 
with epilepsy aged ≥12 years [15]. Lately, the U.S. Food and Drug 
Administration expanded its indication to monotherapy for focal 
seizures and pediatric patients ≥4 years [16,17]. Several prospec-
tive and retrospective studies have examined the efficacy and toler-
ability of PER as an adjunctive AED for epilepsy. They reported 
that PER can reduce the seizure frequency by at least 50% in 34% 
to 57% of patients with intractable epilepsy [2,18-26]. 

In this study, we aimed to examine the tolerability and efficacy of 
PER as adjunctive therapy in patients with childhood onset epilep-
sy. In addition, we attempted to determine the possible factors as-
sociated with the response rate and adverse events. 

Materials and Methods 

We retrospectively reviewed the medical records of 110 patients 
who were treated with PER as adjunctive therapy in the Asan Medi-
cal Center Children’s Hospital between May 2016 and May 2018. 

We included patients with drug-resistant epilepsy, which was de-
fined as having uncontrolled seizures even with two or more appro-
priate AEDs. Two patients with poor compliance were excluded 
and 108 patients were enrolled. This retrospective study was ex-
empt from informed consent per our institutional policies and ap-
proved by the Institutional Review Board of Asan Medical Center 
(2019-1058). 

The baseline characteristics, including age, gender, seizure onset, 
and concomitant AEDs were documented from the electronic 
medical records. We evaluated the efficacy of PER by comparing 
the total seizure frequency during 3 months before and after the 
add-on of PER. The seizure frequency was divided into five cate-
gories: seizure-free, seizure reduction ≥50%, seizure reduction 
< 50%, no change, and aggravated. Patients who achieved seizure 

freedom and seizure frequency reduction ≥ 50% were assigned 
into the responder group, and the others were assigned into the 
non-responder group. 

The clinical profiles of the patients in both groups were com-
pared, including the age, gender, daily PER dose, number of con-
comitant AEDs, and the concomitant use of EIAEDs. The dose-re-
lated efficacy was also evaluated.  

Tolerability was accessed through review of the medical records 
for the occurrence of adverse events after the addition of PER, as 
well as by retention rate measurement. According to the presence 
of adverse events, the patients were divided into two groups: ad-
verse event present group and adverse event absent group. The 
clinical profiles of the patients in both groups were compared, in-
cluding the age, gender, daily PER dose, and the number of con-
comitant AEDs. The retention rate was calculated using the Ka-
plan-Meier analysis. Statistical analysis was performed using Pear-
son’s chi-square test and Fisher’s exact test for categorical variables. 
SPSS software version 21.0 (IBM Co., Armonk, NY, USA) was 
used for descriptive and statistical analysis. A probability value of 
P <0.05 was considered statistically significant. 

Results 

1. Demographic and baseline characteristics of patients 
A total of 108 patients were included in the analysis. The median 
follow-up duration after the start of PER was 15 months (range, 3 
to 24). The mean age was 20.2 years (range, 10.5 to 35.6) and 64 
patients were male. The mean age at the time of the first seizure at-
tack was 8.0 ± 5.8 years (range, 0.0 to 29.2). The mean number of 
concomitant AEDs was 3.8 ± 1.0 (range, 2 to 7) (Table 1). The 
mean maintenance dose was 4.8 mg/day (2 to 10 mg). PER was 
initiated at a dose of 2 mg once daily at bedtime and the dose was 
gradually increased in increments of 2 mg at intervals of at least 1 
week, while monitoring the seizure frequency and adverse events 
occurrence. The most commonly used AEDs with PER were 
clobazam (73.6%), topiramate (54.5%), levetiracetam (51.8%), 
valproate (38.2%), and lamotrigine (38.2%). The number of pa-
tients who were taking EIAEDs (OXC, CBZ, or PHT) were 33 
(30%), 15 (13.6%), and two (1.8%), respectively. 

2. Efficacy 
Among the 108 patients, 43 were classified as responders (43/108, 
39.8%), including eight (7.4%) who achieved seizure freedom and 
35 (32.4%) who achieved ≥50% seizure reduction. Sixty-five pa-
tients (60.2%) were classified as non-responders; 17 (15.7%) with 
less than 50% seizure reduction, 34 (31.5%) with no change, and 14 
(13%) with seizure aggravation after the addition of PER (Fig. 1). 
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There was no significant difference in the sex, age at seizure on-
set, duration of epilepsy, number of concomitant AEDs, and ad-
verse events between the two groups (Table 2). The maintenance 
dose of PER was slightly higher in the responders than in the 
non-responders (5.3 vs. 4.4, respectively; P = 0.04). Only nine of 
29 patients treated with 2 mg of PER were responders. There were 
46 patients who could tolerate PER at a higher dose (6 to 10 mg). 
Among them, 23 patients (50%) achieved ≥ 50% seizure reduc-
tion. The response rate at each dose of PER was 0% (0/1) at 1 mg; 
31.0% (9/29) at 2 mg; 33.3% (10/30) at 4 mg; 50% (1/2) at 5 

Fig. 1. Number of patients in each group according to the seizure 
outcome after addition of perampanel. A total of 43 patients 
achieved seizure freedom or ≥50% seizure reduction and were 
classified as responders. The remaining 65 patients (60.2%) were 
non-responders, consisting of 17 patients (15.7%) with less than 
50% seizure reduction, 34 (31.5%) with no change, and 14 (13%) 
with seizure aggravation.

Table 2. Comparison of clinical factors between responder and non-responder group

Variable Responders (n=43, 39.8%) Non-responders (n=65, 60.2%) P value
Male sex 27 (61.4) 37 (56.9) 0.64
Age at seizure onset (yr) 9.1±6.5 7.3±5.2 0.12
Age at the start of PER (yr) 21.0±5.3 19.8±5.0 0.22
Duration of seizures before treatment (yr) 11.9±5.6 12.4±5.4 0.61
Duration of PER treatment (mo) 13.5±7.7 8.7±8.1 0.03
No. of concomitant AEDs 3.8±1.2 3.8±1.0 0.78
Any EIAEDs 20 (46.5) 27 (41.5) 0.61
 Oxcarbazepine 15 (34.1) 18 (27.7) 0.43
 Carbamazepine 5 (11.4) 9 (13.8) 0.74
 Phenytoin 1 (2.3) 1 (1.5) 0.77
Maintenance dose of PER (mg/day) 5.3±2.4 4.4±2.2 0.04
Adverse events 12 (27.3) 22 (33.8) 0.47
No. of patients of PER discontinuation 4 (11.8) 30 (88.2) 0.00

Values are presented as number (%) or mean±standard deviation.
PER, perampanel; AED, antiepileptic drug; EIAED, enzyme-inducing antiepileptic drug.
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Table 1. Demographics and baseline characteristics of the patients 
(n=108)

Variable Value
Gender
 Male 64 (59.3)
 Female 44 (40.7)
Age at seizure onset (yr) 8.0±5.8 (0.0-29.2)
Age at the start of PER (yr) 20.2±5.0 (10.5-35.6)
Duration of seizures before treatment (yr) 12.1±5.5 (1.2-21.0)
Mean maintenance dose (mg) 4.8±2.3 (2-10)
AEDs at baseline 3.8±1.0 (2-7)
 2 10 (9.1)
 3 30 (27.3)
 4 43 (39.1)
 5 19 (17.3)
 6 5 (4.5)
 7 1 (0.9)

Values are presented as number (%) or mean±standard deviation (range).
PER, perampanel; AED, antiepileptic drug.

mg; 44% (11/25) at 6 mg; 100% (2/2) at 7 mg; 46.7% (7/15) at 
8 mg; and 75% (3/4) at a dose of 10 mg (Fig. 2A). 

Duration of PER treatment was much longer in the responders 
than in the non-responders 13.5 months vs. 8.7 months, respec-
tively; P = 0.03). The number of patients who eventually stopped 
PER was higher in the non-responders than in the responders (30 
vs. 4, respectively; P <0.001). Patients taking EIAEDs showed a 
similar response rate when comparing the overall efficacy (CBZ 
15/33, 44%; OXC 6/15, 40%; PHT 1/2 50%). 

Five of 10 patients (50.0%) who were started on PER as the 
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non-motor seizure (n = 1), focal impaired awareness motor seizure 
(n = 4), and generalized motor seizure (n = 3). Four of them had 
undergone a prior epilepsy surgery or vagus nerve stimulation due 
to uncontrolled seizures but had no significant improvement in the 
seizure frequency. The mean maintenance dose was 4.25 mg/day 
(n = 3, 2 mg; n = 3, 4 mg; and n = 2, 8 mg). Three of these patients 
maintained seizure freedom at a PER dose of 2 mg. 

3. Tolerability 
Thirty-four patients (31.2%) reported any adverse events: violence 
(15/108), somnolence (8/108), dizziness (8/108), drooling 
(2/108), weight gain (2/108), insomnia (2/108), and vomiting 
(1/108) (Fig. 3). 

The mean daily dose of PER in patients who experienced adverse 
effects was 4 mg/day (1 to 10 mg). Twenty-three patients (23/59, 
39%) experienced adverse events at a lower dose of 1 to 4 mg while 
seven patients (7/30, 23%) showed adverse events at 5 to 7 mg and 
four patients (4/19, 21%) at the dose ≥8 mg (Fig. 2B). 

There was no significant difference in the sex, age at add-on of 
PER, and the number of concomitant AEDs between the adverse 
event group present and adverse event absent group (Table 3). 
Patients taking EIAEDs had a similar adverse event rate to the 
overall adverse event rate (CBZ 10/33, 33%; OXC 6/15, 40%; 
PHT 1/2, 50%). 

The retention rate was 68.0% in the first year and 59.5% in the 
second year of the study (Fig. 4). PER was discontinued in 34 pa-
tients because of seizure aggravation (12/34) or occurrence of 
neuropsychiatric adverse events (dizziness, violence, somnolence 

Fig. 2. Seizure outcomes and occurrence of adverse events per 
daily doses of perampanel (PER). (A) The response rates according 
to daily PER dose are shown as bar graph. Response rate at dose 
of ≤4 mg was 31.7% while response rate at dose of 5 to 7 mg was 
48.7% and 52.6% at dose of ≥8 mg. Patients who could tolerate 
PER up to a higher dose had a tendency to relatively better seizure 
outcomes than that of patients who received lower-dose PER. The 
response rates at each dose are listed (0% [0/1] at 1 mg; 31.0% 
[9/29] at 2 mg; 33.3% [10/30] at 4 mg; 50% [1/2] at 5 mg; 44% 
[11/25] at 6 mg; 46.7% [7/15] at 8 mg; 100% [2/2] at 7 mg; and 
75% [3/4] at 10 mg PER). (B) There was no association between 
the daily dose and adverse events rate. Twenty-three patients of 
the 34 in the adverse event group experienced an adverse event 
at only 1 to 4 mg, whereas 11 patients experienced adverse events 
during the increasing of the PER dose up to 5 to 10 mg (seven 
adverse events at 5 to 7 mg; four adverse events at dose of ≥8 mg).

Fig. 3. Number of adverse events reported by patients after add-
up of perampanel (PER). Violence (n=15) was the most common 
adverse event, followed by dizziness (n=8) and somnolence (n=8). 
Non-neuropsychiatric adverse events included drooling (n=2), 
weight gain (n=2), and vomiting (n=2). Patients who experienced 
seizure aggravation after the addition of PER were excluded.

third AED were responders (three achieved seizure freedom and 
two achieved ≥50% seizure reduction). When PER was added as 
the fourth, fifth, or sixth AED, the response rate was 36.7% 
(11/30), 41.8% (18/43), and 21% (4/19), respectively. 

There were eight patients who achieved seizure freedom. They 
had various etiologies—structural (n = 3), unknown (n = 4), and 
Gaucher disease (n = 1)—and seizure types—focal aware 
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or insomnia, 14/34). Among them, four patients showed seizure 
aggravation and neuropsychiatric adverse events at the same time. 
Seven patients who showed no improvement in seizure frequency 
stopped the PER and one patient who achieved seizure freedom 
stopped the PER maintain the seizure freedom status after discon-
tinuation of PER. 

Among 34 patients who experienced any adverse events, 13 pa-
tients stopped the PER immediately and nine patients tried to re-
duce daily PER dose. Despite PER dose reduction, six patients 
quitted the PER eventually. After withdrawal of the drug, the neu-
ropsychiatric symptoms spontaneously resolved within weeks in 
all patients. 

Discussion 

This single-center, retrospective study supports the efficacy and 
tolerability of PER when used as an adjuvant treatment in patients 
with refractory epilepsy. There have been many studies on the effi-
cacy and safety of PER, from randomized placebo-controlled trials 
to postmarketing observational studies [18-22,24-28]. Singh et al. 
[23] reported a 50% response rate ( ≥50% seizure reduction) in 
children and adults with various epilepsy syndromes with a mean 
daily dose of PER of 6.5 ± 3.1 mg (mean, 6). In an open-label ex-
tension study, Montouris et al. [27] increased the dose of PER to 
12 mg/day or up to the maximally tolerated individual dose. They 
reported a 55% response rate (≥50% seizure reduction) with a 
mean daily dose of 10.6 ± 2.3 mg/day [27]. The response rate 
(≥50% seizure reduction) in our study was slightly lower than 
those in the previous studies, which could be explained by the rela-
tively lower mean daily dose of 4.8 mg/day than those in the other 
study groups. Several recent studies supported the positive associa-
tion between the dose and efficacy of PER [28,29]. In fact, the 
mean daily dose in the responder group patients who achieved 
≥ 50% seizure reduction in this study was slightly higher than that 
in the non-responder group (5.3 vs. 4.4, P = 0.04). 

Sixty patients among 108 patients maintain the daily PER dose 
≤ 4 mg and nineteen of them (37%, 19/60) were responders in 
this study. Comparing to previous reports, more patients were 
treated with lower dose of 1 to 4 mg. De Liso et al. [18] reported 
that 12 patients are treated with 1 to 4 mg among 62 patients who 
enrolled in multicenter observational study. In a recent retrospec-
tive study in Korea, Youn et al. [30] reported only seven patients 
maintain the daily PER dose of 1 to 4 mg and showed ≥ 50% sei-
zure reduction among 81 enrolled patients, showing that our re-
sults were not explained by difference in ethnic groups. The pa-
tients in this study had already used more AEDs (mean, 3.8; medi-
an, 4; maximum, 7; minimum, 2; interquartile range, 3 to 4) than 

Table 3. Comparison of the clinical factors between adverse event present and adverse event absent group

Variable Adverse event present (n=34, 31.4%) Adverse event absent (n=74, 59.6%) P value
Male sex 17 (50) 47 (63.5) 0.18
Age at the start of PER (yr) 21.9±5.5 19.4±4.6 0.16
No. of concomitant AEDs 3.7±1.1 3.9±1.0 0.50
Any EIAEDs 15 (44.1) 33 (44.6) 0.99
 Oxcarbazepine 10 (29.4) 23 (31) 0.90
 Carbamazepine 6 (17.6) 8 (10.8) 0.43
 Phenytoin 1 (2.9) 1 (1.4) 0.46
Maintenance dose of PER (mg/day) 4±2.3 5.1±2.2 0.02

Values are presented as number (%) or mean±standard deviation.
PER, perampanel; AED, antiepileptic drug; EIAED, enzyme-inducing antiepileptic drug.

Fig. 4. Kaplan-Meier survival curve of perampanel retention times 
in patients with refractory epilepsy. The retention rate calculated 
by the Kaplan-Meier analysis was 68.0% in the first year and 
59.5% in the second year of the study. Due to seizure aggravation 
(n=12) or psychiatric adverse events (n=18), perampanel was 
discontinued in 34 patients.
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other groups (De Liso et al. [18]: mean, 2.48; Youn et al. [30]: me-
dian, 3; maximum, 6; minimum, 1; interquartile range, 3 to 4) and 
it suggests the high intractability of the patients enrolled in this 
study. Despite of the intractability of our patient group, low dose of 
PER was effective in many of them. Recently, some authors sug-
gested that the response rate do not appear to clearly correlate with 
PER daily dose and some patients can show response at low doses 
[31,32]. Our findings also support these opinions. 

The duration of PER treatment was much longer in the respond-
er group than non-responder group (13.5 months vs. 8.7 months, 
P = 0.03). This difference could be explained by that there were 
much more patients who decided PER discontinuation in non-re-
sponder group (30 vs. 4, P = 0.00). There was no statistical differ-
ence in any other clinical factors between the responders and 
non-responders, including sex, age at seizure onset, duration of ep-
ilepsy, number of concomitant AEDs, concomitant EIAEDs and 
adverse events (%). 

In fact, the patients who were started on PER (n = 10) as the 
third AED showed a better response rate (50%) than that in the 
other patients. A previous study also reported a better response 
rate in the patients in whom PER was added early (after ≤ 2 prior 
AEDs; 72% were seizure-free) than that in patients in whom PER 
was added later ( ≥ 3 prior AEDs; 52% were seizure-free) [33]. 

The overall adverse event rate was 31.5% (34/108), which is 
much lower than that reported in previous studies and can also be 
explained with the lower mean daily dose. Nevertheless, some pa-
tients showed psychiatric adverse events at a dose of only 2 mg and 
eventually stopped taking the drug. The neuropsychiatric symp-
toms comprised 87% of all adverse events. The occurrence of psy-
chiatric and neurologic symptoms after PER add-on was the main 
reason for drug withdrawal or dose reduction [22,23,30,34]. How-
ever, almost every patient who experienced psychiatric adverse 
events showed improvement in the symptoms after withdrawal of 
the drug or dose reduction. The clinical factors associated with the 
adverse events after addition of PER are not fully understood 
[30,34]. There were no contributing factors for adverse events, in-
cluding sex, age, and number of concomitant AEDs and EIAEDs 
when comparing the adverse event present group with adverse 
event absent group. 

PER is known to be extensively metabolized by the hepatic CY-
P3A4. Concomitant drugs that modulate CYP3A4 activity can re-
duce the half-life of PER by 50% to 70%, resulting in lower PER se-
rum concentrations [13,29,35]. However, EIAEDs had no signifi-
cant effects on the efficacy and adverse event rate in this study. The 
interpersonal difference in the enzyme activity according to inherit-
ed genetics and use of other concomitant drugs can be considered. 
Further studies monitoring the serum concentration and CYP3A4 

genetics could help find the optimal dose titration of PER. 
There are some limitations of this study, including the retrospec-

tive design, the lack of seizure frequency data according to seizure 
types, and variable dose titration schedules. However, this study 
showed that low-dose PER is effective in patients with child-
hood-onset intractable epilepsy with good tolerability. Further, 
well-designed prospective study monitoring the serum concentra-
tion of PER can help determine the proper dose of PER in children 
and young adults with intractable epilepsy. 

In conclusion, we demonstrated that PER is reasonably effective 
and tolerable in patients with refractory childhood-onset epilepsy. 
Tolerable low dose PER can be another choice for patients with in-
tractable epilepsy. 
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Isolated Unilateral Sixth Nerve Palsy as the First 
Manifestation of Multiple Sclerosis 
Hyo Yun Park, MD, Hyo Jeong Kim, MD 
Department of Pediatrics, Gachon University Gil Medical Center, Gachon University College of Medicine, Incheon, Korea

Clinical features of multiple sclerosis (MS) vary 
widely depending on the area of the lesions. Al-
though brainstem lesions are common in MS, 
isolated cranial nerve palsies are rare, especially 
as an initial manifestation [1]. Among the crani-
al nerves, the fifth nerve is most commonly in-
volved, followed by the 7th, 6th, 3rd, and 8th 
nerves at MS [1]. Sixth nerve palsy results in ip-
silateral horizontal gaze palsy. Common ocular 
motor symptoms in MS include nystagmus and 
internuclear ophthalmoplegia (INO) [2]. Un-
usual ocular motor findings including bilateral 
3rd nerve palsy, opsoclonus, and isolated 6th 
nerve palsy had been reported in MS patients 
[2]. Here we report the case of a 15-year-old pa-
tient who presented with diplopia due to unilat-
eral 6th nerve palsy as the first manifestation of 
MS. 

A 15-year-old man presented with diplopia 
for 6 days. Physical examination showed limited 
abduction of the right eye on right lateral gaze. 
Adduction of the left eye on right lateral gaze 
was normal (Fig. 1). Other neurological and 
blood test findings were normal. Magnetic reso-
nance imaging (MRI) of the brain demonstrat-
ed multiple ovoid lesions in the periventricular 
white matter, cerebellum, corpus callosum, basal 
ganglia, thalamus, pons, and midbrain as a T2 
high-signal intensity (Fig. 2). Both gadolini-
um-enhancing (Fig. 2I) and non-enhancing le-
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sions were present. The lesion in the right pons, 
which might be in the right sixth cranial nerve 
pathway, innervated the ipsilateral lateral rectus 
muscle and might have caused the limited ab-
duction of the ipsilateral eye (Fig. 2B, arrow). 
MRI of the spine demonstrated T2 hyperinten-
sity and heterogeneous enhancement of the le-
sions at C4 and C6 (Fig. 2G, H, and J). These 
findings demonstrated dissemination in time 
and space. Cerebrospinal fluid (CSF) showed a 
white blood cell count of 12/mm3 (lymphocyte 
99%), 27.9 mg/dL protein, 65 mg/dL glucose, 
and no bacteria, malignant cells, or oligoclonal 
bands. CSF immunoglobulin G was elevated 
(1.95), and antibodies to aquaporin 4 were ab-
sent. This patient was not tested antibodies 
against myelin oligodendrocyte glycoprotein. 
Ophthalmologic examinations including fundus 
examination, optical coherence tomography, vi-
sual evoked potential, and visual acuity showed 
normal findings. Brainstem auditory evoked po-
tential and upper and lower extremity somato-
sensory evoked potentials were normal. 

Based on the 2017 McDonald criteria, the pa-
tient was diagnosed with MS; one attack and 
two or more lesions on MRI demonstrating dis-
semination in time and space. He was treated 
with intravenous (IV) methylprednisolone (1 
g/day) for 5 days, which he did not respond to, 
followed by oral prednisone (1 mg/kg/day, ta-
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pered over 5 weeks). Therefore, IV immunoglobulin (2 g/kg di-
vided over 4 days) was administered, but the lateral rectus muscle 
dysfunction did not improve. Subsequently, he received a plasma 
exchange five times in 10 days and had marked improvement in 
diplopia and the lateral rectus muscle function; Grading of abduc-
tion was improved from –4 (no movement beyond the midline) 
to –1 (75% of movement remains). He has been receiving inter-

feron-β 1b subcutaneously since the 5 days after the last plasma 
exchange. Interferon-β 1b was titrated to 0.25 mg (8 million IU) 
every other day. At the 7-month follow-up, the 6th cranial nerve 
palsy had completely resolved. No neurological symptoms had 
occurred until the 14-month follow-up. Follow-up MRIs of the 
brain and spine revealed a slight decrease in the lesion size. 

INO is a common ocular motor symptom in MS, affecting 30% 

Fig. 1. Ocular motility photography. Test of ocular motility demonstrated limited abduction of the right eye at right gaze (A), esotropia 
of the right eye at primary position (B), and normal ocular motility at left gaze (C). The consent was obtained from the patient and the 
guardians regarding the publication of the patient’s images.

Fig. 2. Magnetic resonance imaging (MRI) of the brain demonstrates multiple ovoid lesions in the cerebellum (A), pons (B, arrow), 
midbrain (C), basal ganglia, thalamus (D), and periventricular white matter (E, F), as a T2 high-signal intensity. MRI of the spine 
demonstrates T2 hyperintense and heterogeneous enhancing lesions at C3, C4, C6 (G) and T7 (H). MRI of gadolinium-enhanced T1-
weighted images demonstrates several lesions in the frontal lobe (I) and C4 (J). 
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of cases [3]. INO is an eye movement disorder caused by a lesion 
of the medial longitudinal fasciculus (MLF), which affects conju-
gate eye movement by connecting the paramedian pontine reticu-
lar formation (PPRF)—abducens nucleus complex of the contra-
lateral side to the oculomotor nucleus of the ipsilateral side [3]. 
The MLF lesion impairs the adduction of the affected eye during 
contralateral gaze, while the contralateral eye abducts but is accom-
panied by nystagmus. If the lesion is located in the PPRF, abducens 
nucleus, or contralateral MLF, conjugate horizontal gaze palsy to 
the ipsilateral side occurs instead of ipsilateral lateral gaze palsy. 

Our patient presented with limited abduction of the unilateral 
eye and intact conjugate adduction of the contralateral eye. This 
indicated that the pathologic lesion involved the 6th nerve alone, 
and not the abducens nucleus, PPRF, or MLF [4]. Isolated 6th 
nerve palsies are rare, seen only in 0.4% to 1.0% of MS [1]. There 
have been no reports of isolated sixth nerve palsies in children, so 
they might be even rarer. 

After MS diagnosis, aggressive acute management including 
steroid, immunoglobulin, and plasma exchange was provided in a 
timely manner, leading to complete resolution of the 6th nerve 
palsy. Interferon-β was initiated in the early period and has been 
maintained without complications and relapses. 

Incomplete recovery indicates poor prognosis, and early, effec-
tive treatment of MS prevents irreversible long-term complications 
[5]. Although isolated 6th nerve palsies are rarely observed in MS, 
especially in children, MS should be a differential diagnosis. 
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Aseptic Meningitis Accompanied with Kikuchi-Fujimoto 
Disease
Hye Jin Hwang, MD1, Eun Young Cho, MD1, Yoon Young Yi, MD1, Jin Man Kim, PhD2, Joon Won Kang, PhD1,3

1Department of Pediatrics, Chungnam National University Hospital, Daejeon, Korea 
2Department of Pathology, Chungnam National University Hospital, Chungnam National University College of Medicine, Daejeon, Korea 
3Department of Pediatrics, Chungnam National University College of Medicine, Daejeon, Korea

Kikuchi-Fujimoto disease (KFD), also known as 
histiocytic necrotizing lymphadenitis, is a rare 
disease first reported in 1972 by Kikuchi [1] and 
Fujimoto et al. [2]. KFD is more common in 
young females under 30 years of age. It is a 
self-limited disease characterized by cervical 
lymphadenopathy. Headache accompanied by 
fever is a common symptom of this disease; 
however, the central nervous system (CNS) can 
also be involved. We describe a KFD patient 
with aseptic meningitis who had a headache as 
the first symptom of aseptic meningitis. 

An 8-year-old boy presented with a 2-day his-
tory of fever and a nodule on the right side of the 
neck. At admission, he had a fever with a tem-
perature of 38.5°C. Physical examination showed 
multiple tender cervical lymph nodes with a 
swelling 2 to 3 cm in size on the right side of the 
neck. Neck movement was not limited. No ab-
normal neurological signs and symptoms were 
observed. The patient was discharged with a di-
agnosis of cervical lymphadenitis. 

A week later, the patient was readmitted with 
fever and pain on the right side of the neck. 
There were no abnormal neurologic symptoms 
and neurological examination was normal. Lab-
oratory tests on admission showed normal re-
sults. C-reactive protein level was 4.4 mg/dL (0 
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to 0.5). On the second day of readmission, a bi-
opsy of the cervical lymph node was performed. 
The histopathology was consistent with KFD 
(Fig. 1). The patient was treated with supportive 
care including nonsteroidal anti-inflammatory 
drugs (NSAIDs) administration. General condi-
tion improved after 5 days and he was discharged. 

Three days after the second discharge, he 
complained of fever and headache. The body 
temperature was 38.9°C. The headache was in 
the forehead region, 6-point on the numerical 
pain rating scale, and alleviated with the adminis-
tration of NSAIDs. No fever was observed after 
regular NSAIDs administration for every 8 
hours. However, on the 6th day of admission, the 
headache aggravated severely, and the patient 
could not speak for a few seconds due to pain. 
Meningeal irritation signs were positive on neuro-
logical examination. The cerebrospinal fluid 
(CSF) opening pressure measured at lumbar punc-
ture was 20 cm of water (<18 cm H2O). CSF was 
clear with a red blood cell count of 2/μL, white 
blood cell count of 33/μL (0 to 5), glucose con-
centration of 67 mg/dL (simultaneously sampled 
blood sugar, 119 mg/dL), plasma glucose ratio of 
0.56, and protein concentration of 47 mg/dL (15 
to 45). CSF culture for bacteria was negative. 
Three days later, polymerase chain reaction for 
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herpes simplex virus was reported as negative. On the 6th day of 
the third admission, magnetic resonance imaging of the brain with 
diffusion-weighted image showed no significant abnormalities. 
Since the CSF opening pressure was elevated, we started mannitol 
administration. After 3 days, the clinical symptoms improved and 
mannitol administration was stopped. Twelve days after the admis-
sion, the patient was discharged with no fever or headache. The 
lymph node size decreased to less than 1 cm. Since discharge, the 
follow-up has been conducted for about a year in our outpatient 
clinic, and no identical symptoms have been observed. 

KFD is a rare and self-limited disease. Due to its self-limiting na-
ture, KFD is frequently misdiagnosed and comorbidities can be 
easily overlooked. About 5% to 10% of the KFD patients showed  
central nervous CNS complications, which are resolved without 
any treatment [3,4]. Out of the 244 KFD patients analyzed by Sato 
et al. [3], 11 patients (5%) showed neurological involvement such 
as aseptic meningitis, mono-neuritis multiplex, hemiparesis, bra-
chial neuritis, and photophobia. 

Kucukardali et al. [4] reported aseptic meningitis in 9.8% of the 

41 KFD patients studied. Noursadeghi et al. [5] reported a case of 
Kikuchi’s disease with aseptic meningitis in a 37-year-old female 
and successfully treated it with corticosteroids alone. The authors 
suggested that a low dose of corticosteroid could shorten the dura-
tion of the illness. In our case, the patient’s symptom relieved with 
mannitol only, but if the symptoms last even after mannitol admin-
istration, systemic steroid administration could be an option. 

Although headache with fever is a common symptom in KFD, it 
can also be a symptom of meningitis. Given the fact that about 
10% of the KFD cases show CNS involvement and that the disease 
is self-limited [3,4], we could make an early decision for further 
evaluation and treatment of a KFD patient with a severe headache. 
In such cases, early consideration of the possibility of aseptic men-
ingitis can be helpful in the assessment and in the timely treatment 
of the disease. 
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Fig. 1. Histopathology of the affected lymph node of the patient. 
Necrosis and abundant karyorrhectic debris with apoptosis are 
observed (hematoxylin and eosin stain, ×400).
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Atypical Benign Partial Epilepsy of Childhood Treated with 
Prednisolone and Ethosuximide 
Ji Yeon Lee, MD, Bo Lyun Lee, PhD 
Department of Pediatrics, Inje University Busan Paik Hospital, Inje University College of Medicine, Busan, Korea  

Atypical benign partial epilepsy (ABPE) is a 
complicated form of benign epilepsy with cen-
trotemporal spikes (BECTS) [1]. It is character-
ized by an earlier age of onset, multiple seizure 
types including epileptic negative myoclonic, 
atonic, and atypical absence seizures, as well as 
focal motor seizures [2]. Electroencephalogra-
phy (EEG) depicts frequent centrotemporal 
spikes that are activated during sleep, and similar 
continuous spike and wave during slow wave 
sleep (CSWS), but it does not fulfil the standard 
criteria for CSWS [3]. It has recently been sug-
gested that ABPE is a component of the epilep-
sy-aphasia spectrum that includes some disor-
ders ranging in severity, where BECTS occurs at 
the mild end of the spectrum and the severe end 
includes Landau-Kleffner syndrome and epilep-
tic encephalopathy with CSWS [3]. Patients 
with ABPE usually exhibit normal neurologic 
and mental functions through the course, and fa-
vorable outcomes [2]. Notably however, some 
patients reportedly experience cognitive decline, 
language impairment, and motor skill regression 
[1,4]. This report describes a boy with ABPE 
who underwent a very active seizure period ac-
companied by regression of motor skills, speech, 
and cognitive function, that was ultimately con-
trolled via ethosuximide and prednisolone. 

A 3-year-old boy was referred to our clinic for 
evaluation of focal motor seizures characterized 
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by jerking of his right arm and leg, facial twitch-
ing, and drooling during sleep. He had no remark-
able medical history. There was no known family 
history of epilepsy. His developmental milestones 
were reportedly normal, which was categorized 
into peer or high-level group over all areas includ-
ing gross motor, fine motor, cognition, communi-
cation, social interaction, and self-control by the 
Korean Developmental Screening Test. Physical 
examination and brain magnetic resonance imag-
ing results were normal. EEG depicted high-volt-
age and biphasic sharp waves activated by sleep in 
the left centrotemporal area with normal back-
ground (Fig. 1A). The electro-clinical diagnosis 
was BECTS. Over the following year, while being 
treated with oxcarbazepine, levetiracetam, and 
night-time clobazam, facial and lip clonic seizures 
continued to occur every 1 or 2 weeks. From the 
age of 4 years he experienced recurrent bilateral 
tonic-clonic seizures or hemiclonic seizures of the 
right arm and leg, with Todd paralysis upon wak-
ing. Oxcarbazepine, levetiracetam, and clobazam 
were discontinued because his seizures were 
controlled after the addition of valproic acid. In-
terictal EEG depicted typical rolandic spikes. 
This study was approved by the Institutional Re-
view Board (IRB) of Yonsei University (IRB no., 
19-0010). Informed consent was waived due to 
the retrospective nature of the study.

At the age of almost 5.5 years, drop attacks de-
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veloped with staring, frequent falls, and an unsteady gait. Duration 
of seizure was short in less than a minute, and there was no postic-
tal drowsiness. He exhibited slurred speech, dysarthria, and dys-
phagia with drooling. Sleep EEG depicted continuous high ampli-
tude asymmetric spike-and-wave discharges, predominantly in the 
left centrotemporal area, similar to CSWS (Fig. 1B). Assessment 
via the Preschool Receptive-Expressive Language Scale and Kore-
an-Child Development Inventory revealed that his development 
was severely delayed in all domains except for fine motor area (Fig. 
2). His equivalent developmental age with regard to receptive lan-
guage was 43 months, for expressive language it was 40 months, 
and his integrated developmental age was 2 years and 9 months. 
Oral prednisolone (2 mg/kg/day) combined with ethosuximide 
(20 mg/kg/day) was added to valproic acid. His motor skills, lan-
guage, and seizures started to improve rapidly. Surprisingly, at a fol-
low-up examination 4 weeks later EEG revealed no abnormal epi-
leptic discharges (Fig. 1C). Prednisolone was slowly tapered off, 
and it was discontinued after 2 months. 

At age 8 years, he remains seizure-free with ethosuximide and 

valproic acid. He continues to yield normal neurologic examina-
tion results, and is attending elementary school. EEG depicts focal 
spikes in the left centrotemporal areas (Fig. 1D). His results in the 
Korean Wechsler Intelligence Scale for Children (K-WISC-IV) re-
vealed a borderline full-scale intelligence quotient (IQ) of 74 (ver-
bal comprehension 80, perceptual reasoning 91, working memory 
70, processing speed 76). 

Diagnostic exome sequencing was performed to detect poten-
tially genetic causes of ABPE. The heterozygous missense variant 
of GABRA1 (NM_000806: c.529G > A) was detected, and was 
confirmed via direct sequencing. Segregation analysis revealed that 
the GABRA1 variant was paternally inherited. 

In the current patient, clinical seizure history and EEG findings 
suggest ABPE [3]. Although we could not acquire ictal EEG and 
electromyography data from the patient, the semiology of seizures 
such as the sudden drop attacks and frequent staring with no re-
sponse to stimuli suggest epileptic negative motor and atypical ab-
sence seizures, which are primary components of ABPE semiolo-
gy. EEG depicted sleep activation of focal epileptiform discharges 

Fig. 1. (A) Electroencephalography (EEG) at the age of 4 years showing sharp waves mainly on the left centrotemporal area during sleep. (B) 
EEG at age 5.5 years showing asymmetric spike-and-wave activity, mainly in the left hemisphere area during slow sleep. (C) Sleep EEG 
showing resolution of continuous spike-and-slow wave activity 1 month after treatment with prednisolone and ethosuximide. (D) EEG at 
8 years of age showing sharp wave on the left centrotemporal area during sleep.

https://doi.org/10.26815/acn.2019.0015790

Lee JY et al. • Atypical Benign Partial Epilepsy

A

C

B

D



Fig. 2. Assessment with Korean-Child Development Inventory (K-CDI) revealed severe delay in all developmental domains except for fine 
motor area.
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with asymmetric continuous spike-and-wave activity during sleep. 
The patient exhibited cognitive regression in conjunction with ac-
tive epilepsy. We did not detect any meaningful genetic variants in 
the present patient. Recent identification of GRIN2A variants in a 
small subset of epilepsy-aphasia spectrum patients is notable; how-
ever, the associated phenotypic expression is evidently highly vari-
able and may be affected by multiple genes or gene modifiers [1,4]. 

The current patient’s seizures were resistant to various antiepilep-
tic drugs, but his epilepsy and cognitive function improved after the 
addition of ethosuximide and prednisolone, which have previously 
been reported to be effective in ABPE [1,5]. The mechanism by 
which ethosuximide affects neuronal excitability is considered to in-
volve blockage of T-type calcium channels in thalamic neurons and 
the corresponding cortex [5]. Therefore, the dramatic effects of 
ethosuximide may be due to unique antiepileptic effects on epilep-
tic networks in both the thalamus and sensorimotor cortex, but the 
exact mechanisms remain to be elucidated [5]. In patients who do 
not respond to antiepileptic drug therapy, corticosteroid adminis-
tration should be considered in order to prevent language distur-
bance [1,5]. Steroids and some other immunomodulating therapies 
are also reportedly effective in ABPE, suggesting that the immune 
system may be involved in the pathophysiology of ABPE [1,2,5]. 

In conclusion, ABPE is a distinctive epileptic syndrome charac-
terized by early onset, typical rolandic seizures followed by nega-
tive motor seizures, and aggravation to diffuse and continuous epi-
leptic discharges on EEG. Ethosuximide and steroid are effective 
and safe for the treatment of ABPE, and should be considered rela-
tively early in the course of disease, particularly given the potential 
for the preservation of intellectual functioning associated with ear-
ly intervention. 
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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.

Acknowledgment
The acknowledgments section should contain brief statements 
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.

ORCID
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.

References
Reference citations in the text should be made with consecutive 
numbers in parenthesis (Vancouver style). References should be 
listed in the order of citation in the text, with the corresponding 
number. The reference style for journal articles is as follows : 
names of authors, full title of article, journal name abbreviated in 
accordance with MEDLINE, year, volume, and page numbers. 
List all authors when they are six or less; when they are seven or 
more, list the first six and add ‘et al.’. The names of all authors must 
be listed by the last name and the initials of the first and middle 
names. Papers in press may be listed with the journal name and 
tentative year of publication. The style for a chapter of a book 
is as follows: author and title of the chapter, editor of the book, 
title of the book, edition, volume, place, publisher, year, and page 
numbers. Cite unpublished data or personal communications in 
the text only and not in the reference list. Internet URLs should 
be as follows; authors’ names, website title, URL and the time of 
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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 5 
for letters to editor.

Examples of reference styles

1) Journal article
1. Yoon JY, Kang MJ, Kim SY, Seo JY, Yang SW, Lee YA, et al. 

The relationship between initial body mass index and body 
mass index after one year of gonadotropinreleasing hormone 
agonist therapy in idiopathic true precocious puberty girls. J 
Korean Soc Pediatr Endocrinol 2011;16:165-71.

2. Wheless JW, Treiman DM. The role of the newer antiepileptic 
drugs in the treatment of generalized convulsive status 
epilepticus. Epilepsia 2008;49 Suppl 9:74-8

3. Gardos G, Cole JO, Haskell D, Marby D, Paine SS, 
Moore P. The natural history of tardive dyskinesia. J Clin 
Psychopharmacol 1988;8(4 Suppl):31S-37S.

4. Nikitovic M, Wodchis WP, Krahn MD, Cadarette SM. Direct 
health-care costs attributed to hip fractures among seniors: a 
matched cohort study. Osteoporos Int In press 2012.

2) Book
- Book
5. Volpe JJ. Neurology of the newborn. 2nd ed. Philadelphia, PA: 

WB Saunders Co.; 1987.
- Book chapter
6. Pan ES, Cole FS, Weinttrub PS. Viral infections of the fetus 

and newborn. In: Taeusch HW, Ballard RA, Gleason CA, 
editors. Avery’s diseases of the newborn. 8th ed. Philadelphia: 
Elsevier Saunders; 2005. p. 495-529.

- Abstract book or conference proceedings
7. Vivian VL. editor. Child abuse and neglect: a medical 

community response. Proceedings of the First AMA National 
Conference on Child Abuse and Neglect; 1984 Mar 30-31; 
Chicago. Chicago: American Medical Association; 1985.

- Thesis
8. Youssef NM. School adjustment of children with congenital 

heart disease (dissertation). Pittsburgh, PA: Univ. of 
Pittsburgh; 1988.

3) Website
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 Editor is a type of brief communication on any topics 
that attract attention of journal readers. It should be brief, clear and 
conclusive. No abstraction is required. Body of the letter has no 
structure and the word count is limited to 1,000 words. It should 
be written in a maximum of 2 printed pages, less than 5 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 
appeals, concrete data with answers to all factual questions (who, 
when, where, what, how, why) should be provided.
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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: +82-2-2228-2050
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Research and publication ethics

The Journal adheres to the guidelines and best practices published 
by professional organizations, including Recommendations 
from ICMJE and Principles of Transparency and Best Practice in 
Scholarly Publishing (joint statement by COPE, DOAJ, WAME, 
and OASPA; http://doaj.org/bestpractice/).

1. Authorship and author’s responsibility
Authorship credit should be based on: 1) substantial contributions 
to conception and design, acquisition of data, or analysis and 
interpretation of data; 2) drafting the article or revising it critically 
for important intellectual content; 3) final approval of the version 
to be published; and 4) agreeing to be accountable for all aspects of 
the work in ensuring that the questions related to the accuracy or 
integrity of any part of the work are appropriately investigated and 
resolved. Authors should meet these 4 conditions.

Any requests for such changes in authorship (adding author(s), 
deleting author(s), or re-arranging the order of authors) after initial 
manuscript submission and before publication should be explained 
in writing to the editor in a letter or email from all authors. This 
letter must be signed by all authors of the paper. A copyright 
assignment must be completed by every author.

There is no limitation on the number of authors. If any persons 
who do not meet the above four criteria, they may be placed as 
contributors in the Acknowledgments section. Description of 
co-first authors or co-corresponding authors is also accepted 
if the corresponding author believes that such roles existed in 
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 
be delegated to one or more coauthors. The corresponding author 
should be available throughout the submission and peer review 
processes to respond to editorial queries in a timely manner and to 
critiques of the work and should cooperate with any requests from 
the journal for data, additional information, or questions about the 
paper even after publication.

2. Originality, plagiarism, and duplicate publication
All submitted manuscripts should be original and should not be in 
consideration by other scientific journals for publication. Any part 
of the accepted manuscript should not be duplicated in any other 
scientific journal without the permission of the Editorial Board, 
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 
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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 believes that the relationship 
affects his or her scientific judgment. Financial relationships such as 
employment, consultancies, stock ownership, honoraria, and paid 
expert testimony are the most easily identifiable conflicts of interest 
and the most likely to undermine the credibility of the journal, the 
authors, or of the science itself. Conflicts can occur for other reasons 
as well, such 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 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 
(https://doi.org/10.3346/jkms.2017.32.7.1051).
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The transfer of copyright from author to Annals of Child Neurology must be clearly stated in writing to enable the Annals of Child Neurology 
to assure maximum dissemination of the author’s work. Therefore, the following agreement, executed and signed by the author, is required 
with each manuscript submission.

In signing this Agreement:
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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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