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KEPPRA®’S EXPERIENCE FOR EPILEPSY PATIENTS

15 th

지난 15년간 함께 해주신 길, 환자들의 더 나은 삶을 위해  

앞으로도 케프라®는 선생님과 함께 하겠습니다.

케프라®정 250밀리그램(레비티라세탐) · 케프라®정 500밀리그램(레비티라세탐) · 케프라®정 1000밀리그램(레비티라세탐)*

[제품명] 케프라Ⓡ정 250밀리그램(레비티라세탐), 케프라Ⓡ정 500밀리그램(레비티라세탐), 케프라Ⓡ정 1000밀리그램(레비티
라세탐) [전문의약품] [성상] 250 mg; 파란색의 타원형 필름코팅정제, 500 mg; 노란색의 타원형 필름코팅정제, 1000 mg; 흰
색의 타원형 필름코팅정제 [효능·효과] 1. 단독요법 - 처음 뇌전증으로 진단된 2차성 전신발작을 동반하거나 동반하지 않는 부
분발작의 치료(4세 이상) 2. 부가요법 - 기존 1차 뇌전증치료제 투여로 적절하게 조절이 되지 않는 2차성 전신발작을 동반하거
나 동반하지 않는 부분발작의 치료(4세 이상) - 소아 간대성 근경련 뇌전증(Juvenile Myoclonic Epilepsy) 환자의 근간대성 발작
의 치료(12세 이상) - 특발성 전신성 뇌전증(Idiopathic Generalized Epilepsy) 환자의 1차성 전신 강직-간대 발작의 치료(12세 이
상) [용법·용량] 필름코팅정제와 액제는 경구투여 하며 식사와 관계없이 투여할 수 있고, 충분한 양의 물과 함께 복용한다. 1일 
용량은 1일 2회 균등한 용량으로 나누어 투여한다. 레비티라세탐 치료는 정맥 또는 경구 투여로 시작할 수 있다. 경구에서 정맥 
또는 그 반대로 투여경로를 바꾸는 경우, 용량적정 없이 바로 투여할 수 있으며, 1일 총 투여량 및 투여횟수는 동일하게 유지하
여야 한다. 1. 부분발작의 단독요법 및 부가요법(4세 이상) · 성인(18세 이상) 및 체중이 50 kg 이상인 청소년(12~17세); 이 약은 1
일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회량을 1
일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따라, 2주 
내지 4주마다 1일 500 mg [1회 250 mg, 1일 2회] 또는 1일 1000 mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최
대권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. · 4세~11세의 소아 및 체중이 50kg 미만인 12~17세의 청소년; 초회량
은 1일 2회, 1회 10 mg/kg으로 시작한다. 임상적 반응과 내약성에 따라 1일 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량할 수 
있으며 용량변경은 2주마다 1일 20 mg/kg [1회 10 mg/kg, 1일 2회] 초과하여 증량 혹은 감량해서는 안된다. 유효한 최저 용량
을 복용한다. 최대권장용량은 1일 3000 mg이다. 체중이 20 kg 이하인 소아의 경우, 100 mg/ml 경구용 액제로 치료를 시작하
는 것이 권장된다. 체중이 20~40 kg인 소아의 경우, 1일 500 mg [1회 250 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 500 
mg씩 증량하여 최대 1일 1500 mg [1회 750 mg, 1일 2회]을 투여할 수 있다. 체중이 40 kg을 초과하는 소아의 경우, 1일 1000 
mg [1회 500 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 1000 mg씩 증량하여 최대 1일 3000 mg [1회 1500 mg, 1일 2회]
을 투여할 수 있다. 체중이 50 kg 이상인 소아의 용량은 성인 용량과 같다. 2. 소아 환자에서의 근간대성 발작의 부가요법(12세 

이상) 이 약은 1일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거
하여, 초회량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내
약성에 따라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000 mg[1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으
며 최대권장용량은 1일 3000mg[1회 1500 mg, 1일 2회] 이다. 1일 3,000mg 미만의 용량에서 유효성은 연구되지 않았다. 3. 1
차성 전신 강직-간대 발작의 부가요법(12세 이상) · 성인(18세 이상) 및 체중이 50 kg이상인 청소년(12-17세); 이 약은 1일 1000 
mg [1일 2회, 1회 500 mg]으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회
량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따
라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최대
권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. 1일 3000 mg 미만의 용량에서 유효성은 적절히 연구되지 않았다. · 체
중이 50 kg 미만인 12-17세의 청소년; 이 약은 1일 20 mg/kg [1회 10 mg/kg, 1일 2회]으로 투여를 시작한다. 용량은 2주마다 1일 
20 mg/kg [1회 10 mg/kg, 1일 2회] 씩 증량하여 권장 1일 용량인 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량한다. 1일 60 mg/
kg미만의 용량에서 유효성은 적절히 연구되지 않았다. 4. 신장애 환자 레비티라세탐 청소율이 신기능과 관련되어 있으므로 환
자의 신장기능에 따라 개별적으로 투여한다. 신장애 환자에서의 용량조절은 의약품 첨부문서를 참조한다. 5. 간장애 환자 경증
에서 중등증의 간장애 환자에는 용량조절이 필요치 않다. 중증의 간장애 환자의 경우, 크레아티닌 청소율은 신부전을 과소평
가할 수 있다. 따라서 크레아티닌 청소율이 60 mL/min/1.73m2 미만일 경우 1일 유지량을 50% 감량하는 것이 좋다. 6. 소아 경
구용 제제는 안전성과 유효성 자료의 불충분으로 1개월 미만의 영아에게 권장되지 않는다. 4세 이하의 소아에서의 정제 투여
는 적용되지 않으며 1개월 이상의 영아에서는 액제를 투여하여야 한다. 주사제는 16세 미만의 소아에 대해 안전성·유효성이 확
립되지 않았으므로 투여가 권장되지 않는다. 7. 고령자(65세 이상) 신기능이 약화된 노인 환자에서 용량조정이 권장된다. [사
용상의 주의사항] 1. 경고 1) 자살충동과 자살행동 항뇌전증약을 복용한 환자에서 자살충동 또는 자살행동을 보이는 위험성이 
증가되므로 항뇌전증약을 치료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변
화에 대하여 모니터링되어야 한다. 항뇌전증약을 처방받는 뇌전증과 다른 많은 질병은 그 자체가 이환 및 사망, 치료기간 동안
의 자살충동과 자살행동의 위험성 증가와 관련된다. 따라서 처방자는 항뇌전증약 처방 시 환자의 치료기간 동안 자살충동 또
는 자살행동과 치료될 질병 간의 연관성 유무 및 이 약의 유효성을 함께 고려한다. 2) 신경정신과적 이상반응 ①부분발작; · 성

인 - 이 약은 1) 졸음, 피로, 2) 협조운동장애, 3) 행동이상 등의 중추신경계 이상반응을 발생시킨다. 졸음, 무력증, 협조운동장애
는 이 약 투여 후 첫 4주 이내에 가장 빈번히 발생하였다. · 소아 - 레비티라세탐정을 투여한 소아환자에 있어, 이 약은 졸음, 피
로, 행동이상을 나타내었다. ② 1차성 전신 강직-간대 발작; 이 약은 1차성 전신 강직-간대 발작이 있는 6세 이상의 환자에서 행
동학적 장애와 관련이 있었다. 3) 투약 중단 이 약을 포함한 뇌전증치료제는 발작 빈도가 증가되는 잠재성을 최소화하기 위해 
점진적으로 중단해야 한다. 이 약 투여를 중단하는 경우, 성인 및 체중이 50 kg이상인 청소년은 500 mg을 1일 2회 매 2-4주 마
다 단계적으로 줄여나간다. 소아의 경우, 용량 감소는 매 2주마다 1일 2회 10 mg/kg를 초과해서는 안된다. 2. 다음 환자에는 투
여하지 말 것 1) 이 약의 주성분이나 다른 피롤리돈 유도체 또는 다른 구성성분에 과민 반응이 있는 환자 3. 다음 환자에는 신중
히 투여할 것 1) 레비티라세탐을 투여받은 환자에서 자살, 자살 시도 및 자살 상상이 보고되었다. 우울 및/또는 자살 상상의 증
상이 있는 경우 처방의에게 즉시 보고하도록 환자 (및 보호자) 에게 권고해야 한다. 2) 신장애 환자에 이 약을 투여하는 경우 용
량 조정이 필요할 수 있다. 중증의 간장애 환자에서는 용량 선택 전에 신기능 검사가 권장된다(용법용량 참조). 3) 혈구수감소
(호중구감소증, 무과립구증, 백혈구감소증, 혈소판감소증, 범혈구감소증)가 레비티라세탐 투여와 관련되어 있다고 알려져 있
으며 일반적으로 투여개시시에 나타난다. 중대한 무력감, 발열, 재발성 감염 또는 응고장애를 경험한 환자의 경우 전혈구수 검
사가 권고된다(‘4. 이상반응 4) 시판 후 수집된 이상반응’항 참조). 4) 이상행동 및 공격성 행동; 레비티라세탐은 자극과민성 및 
공격성을 포함한 정신병적 증상과 행동이상을 유발할 수 있다. 레비티라세탐 투여 환자들은 기분 및/또는 인격 변화를 나타내
는 정신과적 징후 발현에 대해 모니터되어야 한다. 그러한 행동들이 인지된다면 투여 조정 또는 점진적 투여 중단을 고려하여
야 한다. 투여 중단 시, 용법용량 항을 참조한다. 5) 발작의 악화: 발작 악화 라는 역설적인 반응이 특히 레비티라세탐 투여 초기 
또는 용량 증가 시에 보고되었다. 발작의 악화가 발생한 경우, 환자는 의사와 즉시 상의하여야 한다. 6) 심전도 QT 간격 연장: 
시판 후 경험에서 심전도 QT 간격 연장이 드물게 보고되었다. QTc 간격 연장 환자, QTc 간격에 영향을 미치는 약물을 병용하
고 있는 환자, 또는 관련 심장 질환 또는 전해질 장애가 있는 환자에게 투여 시 주의하여야 한다. [제조원] 1) 제조의뢰자: UCB 
Pharma S.A. Belgium 2) 제조자: UCB Pharma S.A. Belgium [수입자] 한국유씨비제약㈜ 서울특별시 서초구 강남대로 369 A+ 
Asset Tower 4층 ※ 사용상의 주의사항 및 그 밖의 상세정보에 대해서는 반드시 의약품 첨부문서를 참고하여 주시기 바랍니
다. * Keppra® 국내제품설명서, 한국유씨비제약㈜ (as of 08 June 2022)
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케프라®정 250밀리그램(레비티라세탐) · 케프라®정 500밀리그램(레비티라세탐) · 케프라®정 1000밀리그램(레비티라세탐)*

[제품명] 케프라Ⓡ정 250밀리그램(레비티라세탐), 케프라Ⓡ정 500밀리그램(레비티라세탐), 케프라Ⓡ정 1000밀리그램(레비티
라세탐) [전문의약품] [성상] 250 mg; 파란색의 타원형 필름코팅정제, 500 mg; 노란색의 타원형 필름코팅정제, 1000 mg; 흰
색의 타원형 필름코팅정제 [효능·효과] 1. 단독요법 - 처음 뇌전증으로 진단된 2차성 전신발작을 동반하거나 동반하지 않는 부
분발작의 치료(4세 이상) 2. 부가요법 - 기존 1차 뇌전증치료제 투여로 적절하게 조절이 되지 않는 2차성 전신발작을 동반하거
나 동반하지 않는 부분발작의 치료(4세 이상) - 소아 간대성 근경련 뇌전증(Juvenile Myoclonic Epilepsy) 환자의 근간대성 발작
의 치료(12세 이상) - 특발성 전신성 뇌전증(Idiopathic Generalized Epilepsy) 환자의 1차성 전신 강직-간대 발작의 치료(12세 이
상) [용법·용량] 필름코팅정제와 액제는 경구투여 하며 식사와 관계없이 투여할 수 있고, 충분한 양의 물과 함께 복용한다. 1일 
용량은 1일 2회 균등한 용량으로 나누어 투여한다. 레비티라세탐 치료는 정맥 또는 경구 투여로 시작할 수 있다. 경구에서 정맥 
또는 그 반대로 투여경로를 바꾸는 경우, 용량적정 없이 바로 투여할 수 있으며, 1일 총 투여량 및 투여횟수는 동일하게 유지하
여야 한다. 1. 부분발작의 단독요법 및 부가요법(4세 이상) · 성인(18세 이상) 및 체중이 50 kg 이상인 청소년(12~17세); 이 약은 1
일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회량을 1
일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따라, 2주 
내지 4주마다 1일 500 mg [1회 250 mg, 1일 2회] 또는 1일 1000 mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최
대권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. · 4세~11세의 소아 및 체중이 50kg 미만인 12~17세의 청소년; 초회량
은 1일 2회, 1회 10 mg/kg으로 시작한다. 임상적 반응과 내약성에 따라 1일 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량할 수 
있으며 용량변경은 2주마다 1일 20 mg/kg [1회 10 mg/kg, 1일 2회] 초과하여 증량 혹은 감량해서는 안된다. 유효한 최저 용량
을 복용한다. 최대권장용량은 1일 3000 mg이다. 체중이 20 kg 이하인 소아의 경우, 100 mg/ml 경구용 액제로 치료를 시작하
는 것이 권장된다. 체중이 20~40 kg인 소아의 경우, 1일 500 mg [1회 250 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 500 
mg씩 증량하여 최대 1일 1500 mg [1회 750 mg, 1일 2회]을 투여할 수 있다. 체중이 40 kg을 초과하는 소아의 경우, 1일 1000 
mg [1회 500 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 1000 mg씩 증량하여 최대 1일 3000 mg [1회 1500 mg, 1일 2회]
을 투여할 수 있다. 체중이 50 kg 이상인 소아의 용량은 성인 용량과 같다. 2. 소아 환자에서의 근간대성 발작의 부가요법(12세 

이상) 이 약은 1일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거
하여, 초회량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내
약성에 따라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000 mg[1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으
며 최대권장용량은 1일 3000mg[1회 1500 mg, 1일 2회] 이다. 1일 3,000mg 미만의 용량에서 유효성은 연구되지 않았다. 3. 1
차성 전신 강직-간대 발작의 부가요법(12세 이상) · 성인(18세 이상) 및 체중이 50 kg이상인 청소년(12-17세); 이 약은 1일 1000 
mg [1일 2회, 1회 500 mg]으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회
량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따
라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최대
권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. 1일 3000 mg 미만의 용량에서 유효성은 적절히 연구되지 않았다. · 체
중이 50 kg 미만인 12-17세의 청소년; 이 약은 1일 20 mg/kg [1회 10 mg/kg, 1일 2회]으로 투여를 시작한다. 용량은 2주마다 1일 
20 mg/kg [1회 10 mg/kg, 1일 2회] 씩 증량하여 권장 1일 용량인 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량한다. 1일 60 mg/
kg미만의 용량에서 유효성은 적절히 연구되지 않았다. 4. 신장애 환자 레비티라세탐 청소율이 신기능과 관련되어 있으므로 환
자의 신장기능에 따라 개별적으로 투여한다. 신장애 환자에서의 용량조절은 의약품 첨부문서를 참조한다. 5. 간장애 환자 경증
에서 중등증의 간장애 환자에는 용량조절이 필요치 않다. 중증의 간장애 환자의 경우, 크레아티닌 청소율은 신부전을 과소평
가할 수 있다. 따라서 크레아티닌 청소율이 60 mL/min/1.73m2 미만일 경우 1일 유지량을 50% 감량하는 것이 좋다. 6. 소아 경
구용 제제는 안전성과 유효성 자료의 불충분으로 1개월 미만의 영아에게 권장되지 않는다. 4세 이하의 소아에서의 정제 투여
는 적용되지 않으며 1개월 이상의 영아에서는 액제를 투여하여야 한다. 주사제는 16세 미만의 소아에 대해 안전성·유효성이 확
립되지 않았으므로 투여가 권장되지 않는다. 7. 고령자(65세 이상) 신기능이 약화된 노인 환자에서 용량조정이 권장된다. [사
용상의 주의사항] 1. 경고 1) 자살충동과 자살행동 항뇌전증약을 복용한 환자에서 자살충동 또는 자살행동을 보이는 위험성이 
증가되므로 항뇌전증약을 치료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변
화에 대하여 모니터링되어야 한다. 항뇌전증약을 처방받는 뇌전증과 다른 많은 질병은 그 자체가 이환 및 사망, 치료기간 동안
의 자살충동과 자살행동의 위험성 증가와 관련된다. 따라서 처방자는 항뇌전증약 처방 시 환자의 치료기간 동안 자살충동 또
는 자살행동과 치료될 질병 간의 연관성 유무 및 이 약의 유효성을 함께 고려한다. 2) 신경정신과적 이상반응 ①부분발작; · 성

인 - 이 약은 1) 졸음, 피로, 2) 협조운동장애, 3) 행동이상 등의 중추신경계 이상반응을 발생시킨다. 졸음, 무력증, 협조운동장애
는 이 약 투여 후 첫 4주 이내에 가장 빈번히 발생하였다. · 소아 - 레비티라세탐정을 투여한 소아환자에 있어, 이 약은 졸음, 피
로, 행동이상을 나타내었다. ② 1차성 전신 강직-간대 발작; 이 약은 1차성 전신 강직-간대 발작이 있는 6세 이상의 환자에서 행
동학적 장애와 관련이 있었다. 3) 투약 중단 이 약을 포함한 뇌전증치료제는 발작 빈도가 증가되는 잠재성을 최소화하기 위해 
점진적으로 중단해야 한다. 이 약 투여를 중단하는 경우, 성인 및 체중이 50 kg이상인 청소년은 500 mg을 1일 2회 매 2-4주 마
다 단계적으로 줄여나간다. 소아의 경우, 용량 감소는 매 2주마다 1일 2회 10 mg/kg를 초과해서는 안된다. 2. 다음 환자에는 투
여하지 말 것 1) 이 약의 주성분이나 다른 피롤리돈 유도체 또는 다른 구성성분에 과민 반응이 있는 환자 3. 다음 환자에는 신중
히 투여할 것 1) 레비티라세탐을 투여받은 환자에서 자살, 자살 시도 및 자살 상상이 보고되었다. 우울 및/또는 자살 상상의 증
상이 있는 경우 처방의에게 즉시 보고하도록 환자 (및 보호자) 에게 권고해야 한다. 2) 신장애 환자에 이 약을 투여하는 경우 용
량 조정이 필요할 수 있다. 중증의 간장애 환자에서는 용량 선택 전에 신기능 검사가 권장된다(용법용량 참조). 3) 혈구수감소
(호중구감소증, 무과립구증, 백혈구감소증, 혈소판감소증, 범혈구감소증)가 레비티라세탐 투여와 관련되어 있다고 알려져 있
으며 일반적으로 투여개시시에 나타난다. 중대한 무력감, 발열, 재발성 감염 또는 응고장애를 경험한 환자의 경우 전혈구수 검
사가 권고된다(‘4. 이상반응 4) 시판 후 수집된 이상반응’항 참조). 4) 이상행동 및 공격성 행동; 레비티라세탐은 자극과민성 및 
공격성을 포함한 정신병적 증상과 행동이상을 유발할 수 있다. 레비티라세탐 투여 환자들은 기분 및/또는 인격 변화를 나타내
는 정신과적 징후 발현에 대해 모니터되어야 한다. 그러한 행동들이 인지된다면 투여 조정 또는 점진적 투여 중단을 고려하여
야 한다. 투여 중단 시, 용법용량 항을 참조한다. 5) 발작의 악화: 발작 악화 라는 역설적인 반응이 특히 레비티라세탐 투여 초기 
또는 용량 증가 시에 보고되었다. 발작의 악화가 발생한 경우, 환자는 의사와 즉시 상의하여야 한다. 6) 심전도 QT 간격 연장: 
시판 후 경험에서 심전도 QT 간격 연장이 드물게 보고되었다. QTc 간격 연장 환자, QTc 간격에 영향을 미치는 약물을 병용하
고 있는 환자, 또는 관련 심장 질환 또는 전해질 장애가 있는 환자에게 투여 시 주의하여야 한다. [제조원] 1) 제조의뢰자: UCB 
Pharma S.A. Belgium 2) 제조자: UCB Pharma S.A. Belgium [수입자] 한국유씨비제약㈜ 서울특별시 서초구 강남대로 369 A+ 
Asset Tower 4층 ※ 사용상의 주의사항 및 그 밖의 상세정보에 대해서는 반드시 의약품 첨부문서를 참고하여 주시기 바랍니
다. * Keppra® 국내제품설명서, 한국유씨비제약㈜ (as of 08 June 2022)
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KEPPRA®’S EXPERIENCE FOR EPILEPSY PATIENTS

15 th

지난 15년간 함께 해주신 길, 환자들의 더 나은 삶을 위해  

앞으로도 케프라®는 선생님과 함께 하겠습니다.

케프라®정 250밀리그램(레비티라세탐) · 케프라®정 500밀리그램(레비티라세탐) · 케프라®정 1000밀리그램(레비티라세탐)*

[제품명] 케프라Ⓡ정 250밀리그램(레비티라세탐), 케프라Ⓡ정 500밀리그램(레비티라세탐), 케프라Ⓡ정 1000밀리그램(레비티
라세탐) [전문의약품] [성상] 250 mg; 파란색의 타원형 필름코팅정제, 500 mg; 노란색의 타원형 필름코팅정제, 1000 mg; 흰
색의 타원형 필름코팅정제 [효능·효과] 1. 단독요법 - 처음 뇌전증으로 진단된 2차성 전신발작을 동반하거나 동반하지 않는 부
분발작의 치료(4세 이상) 2. 부가요법 - 기존 1차 뇌전증치료제 투여로 적절하게 조절이 되지 않는 2차성 전신발작을 동반하거
나 동반하지 않는 부분발작의 치료(4세 이상) - 소아 간대성 근경련 뇌전증(Juvenile Myoclonic Epilepsy) 환자의 근간대성 발작
의 치료(12세 이상) - 특발성 전신성 뇌전증(Idiopathic Generalized Epilepsy) 환자의 1차성 전신 강직-간대 발작의 치료(12세 이
상) [용법·용량] 필름코팅정제와 액제는 경구투여 하며 식사와 관계없이 투여할 수 있고, 충분한 양의 물과 함께 복용한다. 1일 
용량은 1일 2회 균등한 용량으로 나누어 투여한다. 레비티라세탐 치료는 정맥 또는 경구 투여로 시작할 수 있다. 경구에서 정맥 
또는 그 반대로 투여경로를 바꾸는 경우, 용량적정 없이 바로 투여할 수 있으며, 1일 총 투여량 및 투여횟수는 동일하게 유지하
여야 한다. 1. 부분발작의 단독요법 및 부가요법(4세 이상) · 성인(18세 이상) 및 체중이 50 kg 이상인 청소년(12~17세); 이 약은 1
일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회량을 1
일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따라, 2주 
내지 4주마다 1일 500 mg [1회 250 mg, 1일 2회] 또는 1일 1000 mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최
대권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. · 4세~11세의 소아 및 체중이 50kg 미만인 12~17세의 청소년; 초회량
은 1일 2회, 1회 10 mg/kg으로 시작한다. 임상적 반응과 내약성에 따라 1일 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량할 수 
있으며 용량변경은 2주마다 1일 20 mg/kg [1회 10 mg/kg, 1일 2회] 초과하여 증량 혹은 감량해서는 안된다. 유효한 최저 용량
을 복용한다. 최대권장용량은 1일 3000 mg이다. 체중이 20 kg 이하인 소아의 경우, 100 mg/ml 경구용 액제로 치료를 시작하
는 것이 권장된다. 체중이 20~40 kg인 소아의 경우, 1일 500 mg [1회 250 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 500 
mg씩 증량하여 최대 1일 1500 mg [1회 750 mg, 1일 2회]을 투여할 수 있다. 체중이 40 kg을 초과하는 소아의 경우, 1일 1000 
mg [1회 500 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 1000 mg씩 증량하여 최대 1일 3000 mg [1회 1500 mg, 1일 2회]
을 투여할 수 있다. 체중이 50 kg 이상인 소아의 용량은 성인 용량과 같다. 2. 소아 환자에서의 근간대성 발작의 부가요법(12세 

이상) 이 약은 1일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거
하여, 초회량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내
약성에 따라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000 mg[1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으
며 최대권장용량은 1일 3000mg[1회 1500 mg, 1일 2회] 이다. 1일 3,000mg 미만의 용량에서 유효성은 연구되지 않았다. 3. 1
차성 전신 강직-간대 발작의 부가요법(12세 이상) · 성인(18세 이상) 및 체중이 50 kg이상인 청소년(12-17세); 이 약은 1일 1000 
mg [1일 2회, 1회 500 mg]으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회
량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따
라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최대
권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. 1일 3000 mg 미만의 용량에서 유효성은 적절히 연구되지 않았다. · 체
중이 50 kg 미만인 12-17세의 청소년; 이 약은 1일 20 mg/kg [1회 10 mg/kg, 1일 2회]으로 투여를 시작한다. 용량은 2주마다 1일 
20 mg/kg [1회 10 mg/kg, 1일 2회] 씩 증량하여 권장 1일 용량인 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량한다. 1일 60 mg/
kg미만의 용량에서 유효성은 적절히 연구되지 않았다. 4. 신장애 환자 레비티라세탐 청소율이 신기능과 관련되어 있으므로 환
자의 신장기능에 따라 개별적으로 투여한다. 신장애 환자에서의 용량조절은 의약품 첨부문서를 참조한다. 5. 간장애 환자 경증
에서 중등증의 간장애 환자에는 용량조절이 필요치 않다. 중증의 간장애 환자의 경우, 크레아티닌 청소율은 신부전을 과소평
가할 수 있다. 따라서 크레아티닌 청소율이 60 mL/min/1.73m2 미만일 경우 1일 유지량을 50% 감량하는 것이 좋다. 6. 소아 경
구용 제제는 안전성과 유효성 자료의 불충분으로 1개월 미만의 영아에게 권장되지 않는다. 4세 이하의 소아에서의 정제 투여
는 적용되지 않으며 1개월 이상의 영아에서는 액제를 투여하여야 한다. 주사제는 16세 미만의 소아에 대해 안전성·유효성이 확
립되지 않았으므로 투여가 권장되지 않는다. 7. 고령자(65세 이상) 신기능이 약화된 노인 환자에서 용량조정이 권장된다. [사
용상의 주의사항] 1. 경고 1) 자살충동과 자살행동 항뇌전증약을 복용한 환자에서 자살충동 또는 자살행동을 보이는 위험성이 
증가되므로 항뇌전증약을 치료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변
화에 대하여 모니터링되어야 한다. 항뇌전증약을 처방받는 뇌전증과 다른 많은 질병은 그 자체가 이환 및 사망, 치료기간 동안
의 자살충동과 자살행동의 위험성 증가와 관련된다. 따라서 처방자는 항뇌전증약 처방 시 환자의 치료기간 동안 자살충동 또
는 자살행동과 치료될 질병 간의 연관성 유무 및 이 약의 유효성을 함께 고려한다. 2) 신경정신과적 이상반응 ①부분발작; · 성

인 - 이 약은 1) 졸음, 피로, 2) 협조운동장애, 3) 행동이상 등의 중추신경계 이상반응을 발생시킨다. 졸음, 무력증, 협조운동장애
는 이 약 투여 후 첫 4주 이내에 가장 빈번히 발생하였다. · 소아 - 레비티라세탐정을 투여한 소아환자에 있어, 이 약은 졸음, 피
로, 행동이상을 나타내었다. ② 1차성 전신 강직-간대 발작; 이 약은 1차성 전신 강직-간대 발작이 있는 6세 이상의 환자에서 행
동학적 장애와 관련이 있었다. 3) 투약 중단 이 약을 포함한 뇌전증치료제는 발작 빈도가 증가되는 잠재성을 최소화하기 위해 
점진적으로 중단해야 한다. 이 약 투여를 중단하는 경우, 성인 및 체중이 50 kg이상인 청소년은 500 mg을 1일 2회 매 2-4주 마
다 단계적으로 줄여나간다. 소아의 경우, 용량 감소는 매 2주마다 1일 2회 10 mg/kg를 초과해서는 안된다. 2. 다음 환자에는 투
여하지 말 것 1) 이 약의 주성분이나 다른 피롤리돈 유도체 또는 다른 구성성분에 과민 반응이 있는 환자 3. 다음 환자에는 신중
히 투여할 것 1) 레비티라세탐을 투여받은 환자에서 자살, 자살 시도 및 자살 상상이 보고되었다. 우울 및/또는 자살 상상의 증
상이 있는 경우 처방의에게 즉시 보고하도록 환자 (및 보호자) 에게 권고해야 한다. 2) 신장애 환자에 이 약을 투여하는 경우 용
량 조정이 필요할 수 있다. 중증의 간장애 환자에서는 용량 선택 전에 신기능 검사가 권장된다(용법용량 참조). 3) 혈구수감소
(호중구감소증, 무과립구증, 백혈구감소증, 혈소판감소증, 범혈구감소증)가 레비티라세탐 투여와 관련되어 있다고 알려져 있
으며 일반적으로 투여개시시에 나타난다. 중대한 무력감, 발열, 재발성 감염 또는 응고장애를 경험한 환자의 경우 전혈구수 검
사가 권고된다(‘4. 이상반응 4) 시판 후 수집된 이상반응’항 참조). 4) 이상행동 및 공격성 행동; 레비티라세탐은 자극과민성 및 
공격성을 포함한 정신병적 증상과 행동이상을 유발할 수 있다. 레비티라세탐 투여 환자들은 기분 및/또는 인격 변화를 나타내
는 정신과적 징후 발현에 대해 모니터되어야 한다. 그러한 행동들이 인지된다면 투여 조정 또는 점진적 투여 중단을 고려하여
야 한다. 투여 중단 시, 용법용량 항을 참조한다. 5) 발작의 악화: 발작 악화 라는 역설적인 반응이 특히 레비티라세탐 투여 초기 
또는 용량 증가 시에 보고되었다. 발작의 악화가 발생한 경우, 환자는 의사와 즉시 상의하여야 한다. 6) 심전도 QT 간격 연장: 
시판 후 경험에서 심전도 QT 간격 연장이 드물게 보고되었다. QTc 간격 연장 환자, QTc 간격에 영향을 미치는 약물을 병용하
고 있는 환자, 또는 관련 심장 질환 또는 전해질 장애가 있는 환자에게 투여 시 주의하여야 한다. [제조원] 1) 제조의뢰자: UCB 
Pharma S.A. Belgium 2) 제조자: UCB Pharma S.A. Belgium [수입자] 한국유씨비제약㈜ 서울특별시 서초구 강남대로 369 A+ 
Asset Tower 4층 ※ 사용상의 주의사항 및 그 밖의 상세정보에 대해서는 반드시 의약품 첨부문서를 참고하여 주시기 바랍니
다. * Keppra® 국내제품설명서, 한국유씨비제약㈜ (as of 08 June 2022)
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지난 15년간 함께 해주신 길, 환자들의 더 나은 삶을 위해  

앞으로도 케프라®는 선생님과 함께 하겠습니다.

케프라®정 250밀리그램(레비티라세탐) · 케프라®정 500밀리그램(레비티라세탐) · 케프라®정 1000밀리그램(레비티라세탐)*

[제품명] 케프라Ⓡ정 250밀리그램(레비티라세탐), 케프라Ⓡ정 500밀리그램(레비티라세탐), 케프라Ⓡ정 1000밀리그램(레비티
라세탐) [전문의약품] [성상] 250 mg; 파란색의 타원형 필름코팅정제, 500 mg; 노란색의 타원형 필름코팅정제, 1000 mg; 흰
색의 타원형 필름코팅정제 [효능·효과] 1. 단독요법 - 처음 뇌전증으로 진단된 2차성 전신발작을 동반하거나 동반하지 않는 부
분발작의 치료(4세 이상) 2. 부가요법 - 기존 1차 뇌전증치료제 투여로 적절하게 조절이 되지 않는 2차성 전신발작을 동반하거
나 동반하지 않는 부분발작의 치료(4세 이상) - 소아 간대성 근경련 뇌전증(Juvenile Myoclonic Epilepsy) 환자의 근간대성 발작
의 치료(12세 이상) - 특발성 전신성 뇌전증(Idiopathic Generalized Epilepsy) 환자의 1차성 전신 강직-간대 발작의 치료(12세 이
상) [용법·용량] 필름코팅정제와 액제는 경구투여 하며 식사와 관계없이 투여할 수 있고, 충분한 양의 물과 함께 복용한다. 1일 
용량은 1일 2회 균등한 용량으로 나누어 투여한다. 레비티라세탐 치료는 정맥 또는 경구 투여로 시작할 수 있다. 경구에서 정맥 
또는 그 반대로 투여경로를 바꾸는 경우, 용량적정 없이 바로 투여할 수 있으며, 1일 총 투여량 및 투여횟수는 동일하게 유지하
여야 한다. 1. 부분발작의 단독요법 및 부가요법(4세 이상) · 성인(18세 이상) 및 체중이 50 kg 이상인 청소년(12~17세); 이 약은 1
일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회량을 1
일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따라, 2주 
내지 4주마다 1일 500 mg [1회 250 mg, 1일 2회] 또는 1일 1000 mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최
대권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. · 4세~11세의 소아 및 체중이 50kg 미만인 12~17세의 청소년; 초회량
은 1일 2회, 1회 10 mg/kg으로 시작한다. 임상적 반응과 내약성에 따라 1일 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량할 수 
있으며 용량변경은 2주마다 1일 20 mg/kg [1회 10 mg/kg, 1일 2회] 초과하여 증량 혹은 감량해서는 안된다. 유효한 최저 용량
을 복용한다. 최대권장용량은 1일 3000 mg이다. 체중이 20 kg 이하인 소아의 경우, 100 mg/ml 경구용 액제로 치료를 시작하
는 것이 권장된다. 체중이 20~40 kg인 소아의 경우, 1일 500 mg [1회 250 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 500 
mg씩 증량하여 최대 1일 1500 mg [1회 750 mg, 1일 2회]을 투여할 수 있다. 체중이 40 kg을 초과하는 소아의 경우, 1일 1000 
mg [1회 500 mg, 1일 2회]으로 투여를 시작하며 2주마다 1일 1000 mg씩 증량하여 최대 1일 3000 mg [1회 1500 mg, 1일 2회]
을 투여할 수 있다. 체중이 50 kg 이상인 소아의 용량은 성인 용량과 같다. 2. 소아 환자에서의 근간대성 발작의 부가요법(12세 

이상) 이 약은 1일 2회, 1회 500 mg으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거
하여, 초회량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내
약성에 따라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000 mg[1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으
며 최대권장용량은 1일 3000mg[1회 1500 mg, 1일 2회] 이다. 1일 3,000mg 미만의 용량에서 유효성은 연구되지 않았다. 3. 1
차성 전신 강직-간대 발작의 부가요법(12세 이상) · 성인(18세 이상) 및 체중이 50 kg이상인 청소년(12-17세); 이 약은 1일 1000 
mg [1일 2회, 1회 500 mg]으로 투여를 시작한다. 그러나 발작감소 대비 잠재적 이상반응에 대한 의사의 평가에 근거하여, 초회
량을 1일 2회, 1회 250 mg으로 낮출 수 있으며 2주 후에 1일 2회, 1회 500 mg으로 증량할 수 있다. 임상적 반응과 내약성에 따
라, 2주마다 1일 500 mg[1회 250 mg, 1일 2회] 또는 1일 1000mg [1회 500 mg, 1일 2회] 씩 증량 혹은 감량할 수 있으며, 최대
권장용량은 1일 3000 mg[1회 1500 mg, 1일 2회] 이다. 1일 3000 mg 미만의 용량에서 유효성은 적절히 연구되지 않았다. · 체
중이 50 kg 미만인 12-17세의 청소년; 이 약은 1일 20 mg/kg [1회 10 mg/kg, 1일 2회]으로 투여를 시작한다. 용량은 2주마다 1일 
20 mg/kg [1회 10 mg/kg, 1일 2회] 씩 증량하여 권장 1일 용량인 60 mg/kg [1회 30 mg/kg, 1일 2회]까지 증량한다. 1일 60 mg/
kg미만의 용량에서 유효성은 적절히 연구되지 않았다. 4. 신장애 환자 레비티라세탐 청소율이 신기능과 관련되어 있으므로 환
자의 신장기능에 따라 개별적으로 투여한다. 신장애 환자에서의 용량조절은 의약품 첨부문서를 참조한다. 5. 간장애 환자 경증
에서 중등증의 간장애 환자에는 용량조절이 필요치 않다. 중증의 간장애 환자의 경우, 크레아티닌 청소율은 신부전을 과소평
가할 수 있다. 따라서 크레아티닌 청소율이 60 mL/min/1.73m2 미만일 경우 1일 유지량을 50% 감량하는 것이 좋다. 6. 소아 경
구용 제제는 안전성과 유효성 자료의 불충분으로 1개월 미만의 영아에게 권장되지 않는다. 4세 이하의 소아에서의 정제 투여
는 적용되지 않으며 1개월 이상의 영아에서는 액제를 투여하여야 한다. 주사제는 16세 미만의 소아에 대해 안전성·유효성이 확
립되지 않았으므로 투여가 권장되지 않는다. 7. 고령자(65세 이상) 신기능이 약화된 노인 환자에서 용량조정이 권장된다. [사
용상의 주의사항] 1. 경고 1) 자살충동과 자살행동 항뇌전증약을 복용한 환자에서 자살충동 또는 자살행동을 보이는 위험성이 
증가되므로 항뇌전증약을 치료받은 환자는 자살충동 또는 자살행동, 우울증의 발현 또는 악화 및 기분과 행동의 비정상적 변
화에 대하여 모니터링되어야 한다. 항뇌전증약을 처방받는 뇌전증과 다른 많은 질병은 그 자체가 이환 및 사망, 치료기간 동안
의 자살충동과 자살행동의 위험성 증가와 관련된다. 따라서 처방자는 항뇌전증약 처방 시 환자의 치료기간 동안 자살충동 또
는 자살행동과 치료될 질병 간의 연관성 유무 및 이 약의 유효성을 함께 고려한다. 2) 신경정신과적 이상반응 ①부분발작; · 성

인 - 이 약은 1) 졸음, 피로, 2) 협조운동장애, 3) 행동이상 등의 중추신경계 이상반응을 발생시킨다. 졸음, 무력증, 협조운동장애
는 이 약 투여 후 첫 4주 이내에 가장 빈번히 발생하였다. · 소아 - 레비티라세탐정을 투여한 소아환자에 있어, 이 약은 졸음, 피
로, 행동이상을 나타내었다. ② 1차성 전신 강직-간대 발작; 이 약은 1차성 전신 강직-간대 발작이 있는 6세 이상의 환자에서 행
동학적 장애와 관련이 있었다. 3) 투약 중단 이 약을 포함한 뇌전증치료제는 발작 빈도가 증가되는 잠재성을 최소화하기 위해 
점진적으로 중단해야 한다. 이 약 투여를 중단하는 경우, 성인 및 체중이 50 kg이상인 청소년은 500 mg을 1일 2회 매 2-4주 마
다 단계적으로 줄여나간다. 소아의 경우, 용량 감소는 매 2주마다 1일 2회 10 mg/kg를 초과해서는 안된다. 2. 다음 환자에는 투
여하지 말 것 1) 이 약의 주성분이나 다른 피롤리돈 유도체 또는 다른 구성성분에 과민 반응이 있는 환자 3. 다음 환자에는 신중
히 투여할 것 1) 레비티라세탐을 투여받은 환자에서 자살, 자살 시도 및 자살 상상이 보고되었다. 우울 및/또는 자살 상상의 증
상이 있는 경우 처방의에게 즉시 보고하도록 환자 (및 보호자) 에게 권고해야 한다. 2) 신장애 환자에 이 약을 투여하는 경우 용
량 조정이 필요할 수 있다. 중증의 간장애 환자에서는 용량 선택 전에 신기능 검사가 권장된다(용법용량 참조). 3) 혈구수감소
(호중구감소증, 무과립구증, 백혈구감소증, 혈소판감소증, 범혈구감소증)가 레비티라세탐 투여와 관련되어 있다고 알려져 있
으며 일반적으로 투여개시시에 나타난다. 중대한 무력감, 발열, 재발성 감염 또는 응고장애를 경험한 환자의 경우 전혈구수 검
사가 권고된다(‘4. 이상반응 4) 시판 후 수집된 이상반응’항 참조). 4) 이상행동 및 공격성 행동; 레비티라세탐은 자극과민성 및 
공격성을 포함한 정신병적 증상과 행동이상을 유발할 수 있다. 레비티라세탐 투여 환자들은 기분 및/또는 인격 변화를 나타내
는 정신과적 징후 발현에 대해 모니터되어야 한다. 그러한 행동들이 인지된다면 투여 조정 또는 점진적 투여 중단을 고려하여
야 한다. 투여 중단 시, 용법용량 항을 참조한다. 5) 발작의 악화: 발작 악화 라는 역설적인 반응이 특히 레비티라세탐 투여 초기 
또는 용량 증가 시에 보고되었다. 발작의 악화가 발생한 경우, 환자는 의사와 즉시 상의하여야 한다. 6) 심전도 QT 간격 연장: 
시판 후 경험에서 심전도 QT 간격 연장이 드물게 보고되었다. QTc 간격 연장 환자, QTc 간격에 영향을 미치는 약물을 병용하
고 있는 환자, 또는 관련 심장 질환 또는 전해질 장애가 있는 환자에게 투여 시 주의하여야 한다. [제조원] 1) 제조의뢰자: UCB 
Pharma S.A. Belgium 2) 제조자: UCB Pharma S.A. Belgium [수입자] 한국유씨비제약㈜ 서울특별시 서초구 강남대로 369 A+ 
Asset Tower 4층 ※ 사용상의 주의사항 및 그 밖의 상세정보에 대해서는 반드시 의약품 첨부문서를 참고하여 주시기 바랍니
다. * Keppra® 국내제품설명서, 한국유씨비제약㈜ (as of 08 June 2022)
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Purpose: This study aimed to establish the medical evidence of abuse by comparing the clinical 
differences between children with shaken baby syndrome (SBS) who had no signs of trauma and 
traumatic brain injury (TBI). 
Methods: Children aged <5 years with intracranial hemorrhage (ICH) were divided into SBS 
group and TBI group, which was developed because of intentional or accidental trauma including 
physical violence. We investigated clinical characteristics, ICH and brain injury patterns, fundus-
copic examinations, and the legal consequences for guardians. 
Results: Compared to TBI, children with SBS had a higher incidence of neurological symptoms, 
including seizures (80.0% vs. 15.4%, P=0.001) and mental changes (73.3% vs. 32.5%, P=0.003); 
they also had a longer time to hospitalization (SBS, 21.8±30.4 hours; TBI, 9.5±21.3 hours; 
P=0.046). The rate of bilateral ICH was significantly higher in the SBS group (73.3% vs. 19.0%, 
P=0.001). In the TBI group, the incidence of epidural hemorrhage (EDH) and subdural hemorrhage 
was equal (42.3%), but EDH was not seen in the SBS group. Multistage ICH (58.3%) and diffu-
sion-limiting lesions (75.0%) were common in SBS, with high mortality and neurological sequel-
ae (86.7%). Nevertheless, only a few guardians (13.3%) were separated from the victim and only 
one person (6.7%) who confessed to abuse was detained. 
Conclusion: Children with SBS who have never been affected to external physical forces can have 
multistage and bilateral ICH with severe brain damage, which is clinically different from TBI. Our 
data suggest that adequate protection and active legal actions are required in order to protect 
children who had sufficient characteristics of SBS.  
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Introduction 

Shaken baby syndrome (SBS), first described by Ludwig and 
Warman in 1984, is characterized by subdural hemorrhage (SDH), 
retinal hemorrhage (RH), and encephalopathy with minimal or no 

apparent signs of external trauma to the head and neck [1]. Cur-
rently, SBS is often referred to as abusive head trauma (AHT), a 
term adopted in 2009 because abusive head injuries at up to 5 years 
of age have several potential causes, including shaking and/or 
abrupt impact [2]. Accordingly, AHT has two subtypes: (1) brain 
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injury caused by forcibly shaking an infant or toddler (SBS) and 
(2) injuries caused by hitting the infant’s head with a blunt or hard 
object (intentional injuries). In both cases, the potential for child 
abuse should be considered, and legal action should be taken if 
warranted. 

Although AHT is relatively easy to diagnose based on other in-
flicted injuries (such as fractures or bruises) or confession by the 
perpetrator and/or witnesses to the abusive event [3], intracranial 
injuries caused by shaking alone usually lack other obvious signs of 
trauma. Supporting a mechanism for intracranial injuries other 
than abuse is challenging without a witness or a confession. Conse-
quently, the use of the SBS triad (SDH, RH, and axonal damage or 
cerebral edema) as meaningful direct evidence of abuse rather than 
circumstantial evidence remains debatable. 

According to Korean legal judgments, children who exhibit the 
SBS triad are considered victims of abuse even without a witness 
or a confession [4]. However, Elinder et al. [5] argued that it is rea-
sonable to diagnose a patient with SBS even without clear evidence 
of the triad, and several other studies have supported this claim [6-
10]. Hoskote et al. [6] investigated the association between 
non-accidental head injury in children with acute SDH and five 
risk factors: (1) RH; (2) age < 12 weeks; (3) inconsistent history; 
(4) positive skeletal survey; and (5) unexplained bruising. The 
presence of one of these factors was associated with an 82% proba-
bility of non-accidental head injury, two factors with a probability 
of 93%, and three or more factors with a 100% probability. Nota-
bly, bilateral RH, which is common in children with AHT, has an 
incidence of 1% to 3% in adults, even in those who sustain a severe 
head injury, suggesting that RH rarely occurs due to accidental ex-
ternal force [7]. In the diagnosis of AHT in children, RH reported-
ly has a specificity of 93.2%, and severe RH has a 100% specificity 
[8]. In other words, of the SBS triad, the co-occurrence of SDH 
with RH suggests a high likelihood of abuse. AHT also accounts 
for 95% of all serious intracranial injuries and 64% of all head inju-
ries in children [9]. Additionally, the presence of severe neurologi-
cal symptoms along with SDH and RH is strongly suggestive of 
AHT in the child [10]. 

In children with AHT (which is frequently accompanied by oth-
er injuries, such as skin bruises or skeletal fractures), prosecution 
is relatively straightforward. However, in cases of SBS, little evi-
dence of such external damage exists, so legal consequences are 
often not imposed. Unfortunately, although the reported inci-
dence of child abuse has been steadily increasing, several coun-
tries including Korea, Australia, and New Zealand tend not to 
consider an SBS diagnosis as direct evidence and are lenient re-
garding criminal charges [11,12]. In Korea, no cases of SBS, even 
when clinically obvious, have resulted in conviction without a 

confession or a witness. In contrast, in the United States, numer-
ous convictions have occurred if the victim met the criteria for the 
SBS triad even with no witnesses or confession [13,14]. Similar 
legal judgments have also been reported in Japan, the United 
Kingdom, and Germany [15,16]. 

The accurate diagnosis of SBS is important because overdiag-
nosing abuse carries the risk of inappropriate separation from the 
caregiver, whereas overlooking abuse may expose the victim to re-
peated violence. Therefore, child abuse in the form of SBS must be 
diagnosed at an early stage to ensure active legal remediation and 
minimize recurrence. This study was intended to compare the clin-
ical characteristics of patients with SBS with those of patients with 
intentional and accidental injuries in Korea, potentially serving as 
the basis for SBS-related legal judgments. 

Materials and Methods 

1. Patients 
We collected the medical records of patients diagnosed with intra-
cranial hemorrhage (ICH) between 2011 and 2021 from two ter-
tiary hospitals that provided major medical care in Jeonbuk Prov-
ince, Korea. In this retrospective investigation, we classified ICH in 
children into two groups—an accidental or intentional injuries 
group and a shaking group—as reported previously [17]. We clas-
sified injuries due to accidents or intentional physical violence as 
traumatic brain injury (TBI).  

Classification as TBI required at least one of the following: (1) a 
definite history of a traumatic injury, such as a traffic accident, bat-
tery, or fall; (2) accompanying distinct head injuries, such as a skull 
fracture, cephalhematoma, or facial bruising; (3) a history of trau-
matic injury compatible with the patient’s developmental level; 
and (4) a confession by the guardian to abuse caused not by shak-
ing, but by assault. SBS was defined as the combination of one or 
more of subdural hematoma, RH, and axonal injury or cerebral 
edema [18,19]. Among all patients with ICH, those without exter-
nal signs of head trauma were included in the SBS group when an 
individual witnessed or confessed to a shaking event or when the 
signs were consistent with the SBS triad. 

Patients with ICH due to medical or vascular problems were ex-
cluded from this study. Medical problems included spontaneous 
hemorrhage (arteriovenous aneurysm, coagulopathy), cerebral 
hemorrhage secondary to bacterial meningitis, or injuries during 
labor (Fig. 1). Even if abuse was suspected, patients who did not 
meet the SBS triad because of a lack of examination or of witness-
es/confession were excluded from the study. The patient history 
relied on the diagnosis made by the physician responsible for the 
child’s examination at each hospital and/or that recorded in the 
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discharge summary. 

2. Data collection 
The Institutional Review Board of Jeonbuk National University 
Hospital approved the study protocol (IRB 2022-01-042). In-
formed consent was waived by the board. Strict patient confidenti-
ality was maintained in the handling of all medical data. Medical 
records of the eligible patients were retrospectively analyzed to ex-
tract the relevant data, including demographic (age and sex) and 
hospital variables (results of brain computed tomography [CT], 
brain magnetic resonance imaging [MRI], electroencephalogra-
phy, skull X-rays, and retinal examination; clinical symptoms such 
as seizure, vomiting, or mental change; and prognosis). We also ex-
amined the legal results in cases of child abuse and separation from 
the caregivers via consultation with the social welfare team of the 
hospital. 

3. Statistical analyses 
Descriptive statistics were used to calculate the differences be-
tween the definite SBS and TBI groups. We used the mean and 
standard deviation for continuous data, and frequency and per-
centage for categorical data. The unpaired t-test was used to com-
pare numerical variables, whereas quantitative variables—such as 
the number of patients corresponding to each reported symptom, 
radiologic findings, mode of trauma, and clinical neurologic sta-
tus—were compared between the groups using Pearson chi-square 
analysis. P < 0.05 was considered to indicate statistical significance. 
All analyses were performed using SPSS version 23.0 (IBM Corp., 
Armonk, NY, USA) for Windows. 

Results 

1. Demographic characteristics of patients 
A total of 174 children less than 5 years of age diagnosed with ICH 
were screened for inclusion in this study, of which 32 patients with 
hemorrhage were excluded due to medical conditions (preterm in-
fant, n = 20; bacterial meningitis, n = 9; arteriovenous malforma-
tion, n = 2; Reye syndrome, n = 1) (Fig. 1). Four patients who 
showed no clear evidence of trauma but did not meet the SBS cri-
teria were also excluded. Their caregivers did not witness or con-
fess to abuse, two of them did not undergo retinal examination, 
and two did not exhibit RH. The included patients were classified 
into the SBS group (n = 15 patients who met SBS diagnostic crite-
ria or had shaking confirmed by a confession or witness) and the 
TBI group (n = 123 patients who displayed ICH with evidence of 
external force).  

The mean age of the SBS group was 5.9 ± 3.3 months, and that 

of the TBI group was 24.9 ± 19.5 months (Table 1). Children with 
SBS presented mainly with seizures (80.0%), mental change 
(73.3%), and vomiting (53.3%), whereas those symptoms were 
significantly less common in patients with TBI (seizure: 15.4%, 
P = 0.001; vomiting: 23.6%, P = 0.026; mental change: 32.5%, 
P = 0.003). Skin lacerations and/or bruising were present in 40.7% 
of patients with TBI and ICH without any neurological symptoms. 
Guardian-reported falls, slips, or traffic collisions were the main 
causes of accidents. For six patients with SBS (40%), the caregiver 
reported that the child was injured by falling or slipping, whereas 
four patients with SBS (26.7%) were suspected victims of abuse, as 
the caregiver did not adequately explain the details of the injury. 
Notably, guardians of the patients with SBS took an average of 
21.8 ± 30.4 hours from the reported time of injury to the hospital 
visit; this was significantly longer than the patients with TBI, who 
took an average of 9.5 ± 21.3 hours (P = 0.046) to visit the hospital. 
Moreover, at the time of hospital admission, most of the children 
with SBS displayed altered consciousness (overall, 73.2%; drowsy, 
33.3%, stupor, 26.7%, semicoma, 13.3%), whereas 70.7% of chil-
dren with TBI entered the hospital in an alert state (P = 0.006). 

2. Between-group differences in ICH patterns 
In Fig. 2, we compare the brain hemorrhage patterns of patients 
with TBI and SBS. All patients in the SBS group had an SDH, with 
13% having a subarachnoid hemorrhage, whereas 7% sustained an 
intraventricular hemorrhage. Intracerebral hemorrhage, epidural 
hemorrhage (EDH), and extracranial hematoma (ECH) were not 
seen in any patient with SBS. By contrast, the patients with TBI 
had a 40% to 42% incidence of EDH, SDH, and ECH; the fre-

Patient group

ICH
n=174

Secondary CH
n=32

SBS
n=15

TBI
n=123

Negative RH
n=2

Not conducted 
retinal examination 

n=2

Suspected
but not meet SBS triad

Fig. 1. Classification of shaken baby syndrome (SBS) and 
traumatic brain injury (TBI). ICH, intracranial hemorrhage; RH, 
retinal hemorrhage; CH, cranial hemorrhage.
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Table 1. Comparison of patients with traumatic brain injuries and inflicted injuries

Variable SBS (n=15, 10.9%) TBI (n=123, 89.1%) P value
Age (mo) 5.9±3.3 24.9±19.5 0.001a

Sex
 Male 11 (73.3) 78 (63.4) 0.573
 Female 4 (26.7) 45 (36.6)
Clinical symptoms
 Seizure 12 (80.0) 19 (15.4) 0.001a

 Vomiting 8 (53.3) 29 (23.6) 0.026a

 Irritability or headache 1 (6.7) 38 (30.9) 0.067
 Mental change 11 (73.3) 40 (32.5) 0.003a

 Lethargy 5 (33.3) 31 (25.2) 0.538
 Laceration/Bruising 1 (7.1) 50 (40.7) 0.014a

Trauma mechanism 0.001a

 Abuse 4 (26.7) 1 (0.8)
 Fall 3 (20.0) 61 (49.6)
 Slip 3 (20.0) 19 (15.4)
 Out-of-vehicle TA 0 15 (12.2)
 In-vehicle TA 0 18 (14.6)
 Unknown 3 (20.0) 0
 Other 2 (13.3) 10 (8.1)
Time to hospital visit (hr) 21.8±30.4 9.5±21.3 0.046a

Mental status
 Alert 4 (26.7) 87 (70.7) 0.006a

 Drowsy 5 (33.3) 17 (13.8)
 Stupor 4 (26.7) 11 (8.9)
 Semicoma 2 (13.3) 4 (3.3)
 Coma 0 4 (3.3)
Required operation 2 (13.3) 13 (10.6) 0.668

Values are presented as mean±standard deviation or number (%).
SBS, shaken baby syndrome; TBI, traumatic brain injury; TA, traumatic accident.
aOOOO

quencies of EDH and ECH were also significantly higher than 
those in the SBS group (P = 0.001) (Fig. 2). Bilateral cerebral hem-
orrhage was also significantly more frequent in the SBS group than 
in the TBI group (SBS, 73.0%; TBI, 19.0%; P = 0.001). In contrast, 
the incidence of bilateral hemorrhage in patients with TBI and 
SDH was only 28.8%; therefore, bilateral hemorrhage was signifi-
cantly more common in the SBS group than in the TBI group 
(P = 0.003) (Fig. 2). 

Nine (64.3%) of the children with SBS had at least two multi-
stage hemorrhages as shown by brain CT (Table 2). These find-
ings were confirmed via brain MRI (Table 2 and Fig. 2). Of the 12 
children who underwent brain MRI, nine (75%) exhibited diffu-
sion restriction images, and seven (58.3%) had multiple injuries 
shown on diffusion-weighted images (Fig. 2). 

Fig. 3 shows the results of brain MRI and fundus examination in 
one patient whose guardian was prosecuted. This patient displayed 

all features commonly observed in the SBS group, such as multi-
stage/bilateral hemorrhages, multiple areas of parenchymal dam-
age on diffusion-weighted images, and RH. As bruises were found 
on the patient’s leg and the guardian confessed, this perpetrator 
was sentenced to prison and was isolated from the child. 

3. Clinical and legal consequences associated with SBS 
Only one guardian of the children in the SBS group confessed to 
shaking the child at the time of hospital admission (Table 3). The 
remaining caregivers said they did not know, mentioned that the 
patient fell or slipped, or could not accurately explain the cause of 
symptoms. However, the described traumatic events were incom-
patible with the developmental level of the patients and no signs of 
that trauma were observed, except for a bruise on the leg of one pa-
tient (Table 1). Police investigations later revealed 10 of the pa-
tients to have been abused. Three of those patients did not under-
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go retinal examinations, but because the shaking was confirmed 
during the inquiry, they could have been diagnosed with SBS  
(Table 3). 

All of the children had at least one symptom of neurological dis-
turbance, including seizure (80.0%), vomiting (53.3%), mental 
change (73.3%), or lethargy (33.3%); all but one patient exhibited 
two or more symptoms. Electroencephalography was performed 
on 10 patients, all of whom displayed brain dysfunction; some had 
electrographic status epilepticus or focal seizures. Only two 

(13.3%) patients with SBS exhibited normal development at fol-
low-up; two patients died (13.3%), and the remaining 11 (73.4%) 
had developmental disabilities or sequelae of epilepsy. However, 
only the guardian (6.7%) of the patient with bruising received legal 
punishment for child abuse, and two patients (13.3%) were tem-
porarily isolated. 

Discussion 

AHT, including SBS, is a major cause of serious neurological se-
quelae in infants and young children [20,21]. SBS is estimated to 
affect between 1200 and 1600 children per year in the United 
States [22]. Children diagnosed with SBS have a mortality rate of 
15%–30%, with a 50%–70% rate of ongoing neurologic injury 
[23,24]. Moreover, school-aged victims of SBS exhibit poor neuro-
logical outcomes that can result in significant deficiencies in intelli-
gence, working memory, and mental organization [25]. In the 
present study, the mortality rate was 13.3% and the morbidity rate 
was 73.3%, which were comparable to previous studies (Table 3). 
One patient died after discharge, presumably from a recurrence of 
SBS without any legal safeguard. A report described that 46% of 
children with a diagnosis of SBS were exposed to abuse before the 
diagnosis [26]. As such, children diagnosed with SBS have a high 
probability of previous or future exposure to abuse. Therefore, the 
recurrence of SBS should be suppressed through early diagnosis 
and appropriate legal action. 

These results sharply contrast with data on patients with a sim-
ple traumatic ICH, 50% to 60% of whom recover without neuro-

100%

80%

60%

40%

20%

0%

SDH

100.0%

42.3%

13.3%

27.6%

0.0% 0.0% 0.0%
4.9%

42.3%

6.7%
1.6%

39.8%

19.0%

28.8%

73.0% 73.0%

SAH ICH EDH

■ SBS ■ TBI

IVH ECH Bilateral Bilat/SDH

Fig. 2. Differences in the hemorrhagic pattern in children with shaken baby syndrome (SBS) versus those with traumatic brain injury 
(TBI). SDH, subdural hemorrhage; SAH, subarachnoid hemorrhage; ICH, intracranial hemorrhage; EDH, epidural hemorrhage; IVH, 
intraventricular hemorrhage; ECH, extracranial hematoma.

0.001 0.353

0.495 0.001 0.001

0.001 0.003

0.294

Table 2. Computed tomographic and magnetic resonance imaging 
findings in patients with shaken baby syndrome

Variable Number of patients Percent
CT 14 100
Bilateral hemorrhage 11 78.6
Hemorrhage stage
 1 5 35.7
 ≥2 9 64.3
MRI 12 100
Diffusion restriction 9 75
 Lesion
  1 2 16.7
  2 4 33.3
  3 or more 3 25.0
 Bilateral hemorrhage 8 66.7
 Hemorrhage stage
  1 5 41.7
  ≥2 7 58.3

CT, computed tomography; MRI, magnetic resonance imaging.
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logic sequelae [27]. The mechanism of injury of SBS is repeated 
rapid and strong shaking, which causes the brain to strike the skull 
and tear blood vessels, resulting in bleeding and hematoma [28]. 
Bleeding can press the brain and cause additional brain damage, 
whereas shaking injures the nerve axons, resulting in diffuse axonal 
injury even in the absence of a skull fracture [29]. Regarding the 
pathophysiology of RH, the theory that vitreous retinal traction is 
the major factor is the most accepted explanation [30]. Of course, 
infants may develop RH due to various causes other than shaking, 
such as increased intracranial pressure, trauma at birth, bacterial 
meningitis, etc. [6]. However, ocular hemorrhage induced by 
non-shaking causes tends to disappear completely in 1 week and is 
usually not accompanied by neurological symptoms [31]. Thus, 
several authors agree that the presence of the SBS triad in previous-
ly healthy children suggests abusive and recurrent trauma [30,32]. 

Differences between children with TBI and those with SBS ob-
served in this study also substantially corroborate previous find-
ings. We found that axonal injury leads to different clinical symp-
toms in children with TBI and SBS. Although the frequency of ce-

rebral hemorrhage requiring surgical intervention was similar be-
tween the groups, an overwhelming difference was noted in the 
neurological symptoms, such as mental change, seizures, and vom-
iting (Table 1). Although the incidence of TBI-associated hemor-
rhage, such as EDH, SDH, and ECH, was comparable to that in 
the SBS group (Table 2 and Fig. 2) [33], the probability of bilateral 
hemorrhage in cases of SDH from TBI was only 28.8%, which is 
much lower than the proportion of bilateral hemorrhage in chil-
dren with SBS with SDH (73.3%) (Fig. 3). This difference under-
scores the importance of observing caution in very young children 
with SDH, especially bilateral hemorrhage. In addition, bilateral 
brain hemorrhage or two or more hemorrhagic stages that cannot 
be explained by one trauma event offer stronger evidence of abuse 
(Table 2). 

With the recent outbreak of coronavirus disease 2019, parenting 
stress among new parents has increased substantially because of 
sociodemographic changes and reduced marital satisfaction [34]. 
The incidence of domestic violence and child abuse has also in-
creased after the pandemic, a social problem that warrants an active 

Fig. 3. Typical imaging findings of a patient with shaken baby syndrome (SBS). The figure is the result of the only SBS patient whose 
abuse was accepted in the court and whose guardian was punished. The patient met all of the SBS triads with bruising on the leg. Fundus 
photograph presented multiple retinal hemorrhage in left eye (A). In addition, bilateral intracerebral hemorrhage occurring at different 
times (B, C), and multiple cerebral parenchymal damage (D, E, F), which were common findings among SBS children in this study, were 
seen. The guardian confessed to the shaking event and was the only one who was punished.  

AA

DD

BB

EE

CC
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Table 3. Description of clinical findings and prognosis in 15 cases of shaken baby syndrome

Factor Pt 1 Pt 2 Pt 3 Pt 4a Pt 5 Pt 6 Pt 7 Pt 8 Pt 9 Pt 10 Pt 11 Pt 12 Pt 13 Pt 14 Pt 15
Age (mo) 10 1 4 10 8 8 8 4 9 3 1 2 6 10 4
Sex M F M M M M F M M M M F M M F
History
 Slip + – – + + + – – + – – – + – –
 Fall – – + – – – – – – – – + – + –
 Shaken – – – – – – – – – – + – – – –
 Unknown – + – – – – + + – – – – – – +
 Other – – – – – – – – – + – – – – –
Time to hospital visit (hr) 3 0.5 72 21 48 4 X 1 24 96 7 48 2 0.5 1
Chief complaint
 Seizure – + + + + – – + + + + + + + +
 Vomiting + + + – + + + + – – + – – – –
 Mental change – + – + + – + + + – + + + + +
 Lethargy + – – + – + – + + – – – – – –
Retinal hemorrhage + + + + + + X + + + + + + X X
EEG X X X X X
 Abnormality + + + + + + + + + +
 CPS – + – + – – – + + +
 Status – + – – – – – + + –
Confession or witness – + + – – + + + + – + + – + +
Medical prognosis
 Normal – – – – + + – – – – – – – – –
 Developmental delay + – + – – – + + – – + + + – –
 Epilepsy – + + – – – – + + + + + – + –
 Expired – – – + – – – – – – – – – – +
Legal penalty
 Not guilty + + + + + + – – + + + + + + +
 Isolation – – – – – – + + – – – – – – –
 Remand – – – – – – – + – – – – – – –

Pt, patient; +, present; -, not present; X, not done; EEG, electroencephalography; CPS, complex partial seizure.
aPatient died 2 weeks after discharge.

response from the authorities [35]. Unfortunately, a key problem 
in this region, especially in South Korea, is that parents of children 
with SBS have not been properly prosecuted even when the cir-
cumstances of abuse were obvious. This has led to recurrent abuse 
(Table 3). The only example of sentencing for SBS in Korea was in 
2017, in a case in which the victim with the SBS triad died; the 
court did not admit a relationship between the shaking and death 
despite video evidence of the perpetrator vigorously shaking the 
stroller several times [36]. The perpetrator was sentenced to only 3 
years and 6 months in prison. In contrast, in the United States, a to-
tal of 1431 AHT/SBS criminal convictions were reported from 
2008 to 2018; of those, 97% were affirmed/ upheld [13]. 

In the present study, one patient who exhibited the SBS triad 
(patient 4) was discharged without isolation from his guardian. 
Two weeks later, he died from sudden respiratory distress while 

being transported to the hospital. We believe that it is difficult to 
punish the perpetrators of children with SBS because preventing 
unnecessary isolation from innocent parents is an important con-
cern, balanced against the importance of protecting children from 
further abuse. However, the characteristics of SBS are the same re-
gardless of whether the perpetrator confessed, as previously ob-
served [37]. If the SBS triad alone is considered insufficient as legal 
evidence, it can be interpreted favorably for the perpetrator in the 
absence of witnesses or a confession. Most cases resulted in an ac-
quittal, which can make parents avoid consequences and increase 
the risk of recurrence. To counteract this, a social education system 
regarding child abuse is required to increase the safety of children 
with SBS after discharge even when the caregiver has been acquit-
ted in court [38]. 

We recommend that children with suspected SBS always under-
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go brain MRI, which can confirm bleeding that is not visible on 
CT scans. This makes it easier to identify additional hemorrhagic 
stages and bilateral occurrence. Additionally, it is possible to diag-
nose parenchymal damage on brain MRI that cannot be visualized 
on brain CT (Table 2 and Fig. 3). Understanding the characteris-
tics of stage 2 or higher bilateral bleeding or parenchymal injury on 
brain MRI may help add scientific evidence to the diagnosis of 
child abuse [39], and strengthen the legal basis [40]. 

In conclusion, children with SBS had a higher incidence of neu-
rological symptoms, including seizures and mental changes, and 
had a longer time to hospitalization than the TBI group. EDH was 
not observed in the SBS group; however, the proportion of bilat-
eral ICH was significantly higher. Multistage ICH (58.3%) and 
diffusion-limiting lesions were common in cases of SBS. There-
fore, early retinal examinations are recommended in the case of 
these characteristic findings, especially in children under 5 years 
of age. An abuse-specific investigation must be carried out for ev-
ery child for whom underlying disease has been excluded and 
who exhibits the appropriate findings for the SBS triad, with no 
other specific causes. 

We also found that even in medically obvious cases of SBS, the 
child’s clinical symptoms were not accepted as direct evidence of 
abuse in domestic legal judgments. The only caregiver who was 
successfully prosecuted was sentenced to prison for witnessed 
abuse and multiple bruising on the lower extremities, not for SBS 
evidence. Despite the high mortality rate and neurologic sequelae 
(86.7%) in the SBS group, few guardians (13.3%) were even tem-
porarily separated from the victim, and only one person, who con-
fessed to abuse, was detained. 

Our study also highlights the need for awareness regarding the 
SBS diagnosis, which is essential to protect children from recurring 
child abuse in Korea. Beyond awareness, however, the study was 
intended to help prevent abuse by presenting cases based on medi-
cal evidence. 
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Original article

Purpose: Intravenous phenobarbital has not been available at our institution since 2019. This 
study aimed to determine the effectiveness of oral phenobarbital loading at a dose of 15 to 20 
mg/kg to achieve therapeutic serum levels and clinical seizure control in pediatric patients with 
acute repetitive seizures. 
Methods: This is a retrospective single-center review of the medical records of pediatric patients 
admitted for acute repetitive seizures (from January 2019 to June 2022) at the Philippine Chil-
dren’s Medical Center who were given an oral phenobarbital loading dose of 15 to 20 mg/kg with 
serum level measurements taken within 48 hours after oral loading. 
Results: Eleven patients were given a single oral phenobarbital loading dose of 15 to 20 mg/kg, 
while 14 were given two doses of 10 mg/kg 12 hours apart. All 25 patients achieved therapeutic 
serum levels within 48 hours post-loading. Higher serum levels were seen at 48 hours (median, 
19.8 μg/mL at 24 hours vs. 24.4 μg/mL at 48 hours). This difference was statistically significant at 
5% (P=0.023), and the majority achieved adequate seizure control without requiring additional 
anti-seizure medications (76%). Transient drowsiness was the most commonly documented ad-
verse effect. 
Conclusion: Oral loading of phenobarbital at a dose of 15 to 20 mg/kg given as a single dose or 
in two divided doses is an effective and safe alternative to achieve therapeutic serum levels and 
adequate clinical seizure control at 24 hours post-loading. This may be a promising and useful 
intervention at centers without available intravenous phenobarbital. 

Keywords: Phenobarbital; Pediatrics; Administration, oral; Seizures; Developing countries

Introduction 

One of the oldest antiseizure medications (ASMs), phenobarbital 
is a gamma-aminobutyric acid (GABA) inhibitor that decreases 
neuronal excitability by increasing the frequency of chloride chan-
nel openings. It has almost complete (95%) oral bioavailability, low 
total clearance, and a long half-life of 72 to 144 hours [1-3]. Pheno-

barbital is effective for a wide range of seizure types. Its efficacy in 
managing status epilepticus and acute seizures is well-established 
at a dose of 15 to 20 mg/kg in children to achieve rapid plasma lev-
els in a short period of time [2-6]. In resource-poor countries, in-
cluding the Philippines, phenobarbital is still the most frequent 
first-line long-acting ASM and is more cost-efficient than newer 
ASMs. However, since 2019, intravenous phenobarbital has been 
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unavailable at our institution, while the oral form has remained ac-
cessible. Although the maximum probability of its efficacy is de-
layed by up to 12 hours when given via the oral route, a few studies 
have utilized oral phenobarbital loading. In the 1980s, children at 
high risk for seizure relapse were given an oral phenobarbital dose 
of 15 mg/kg followed by a second dose of 3 to 5 mg/kg 12 hours 
later. Monitoring serum phenobarbital levels showed that the effec-
tive therapeutic range (12.6 to 22.3 mg/L) was achieved as early as 
1-hour post-loading, with no seizure recurrences observed [6,7]. 
Oral phenobarbital was also administered as an alternative regimen 
to pediatric patients with refractory status epilepticus in South Af-
rica as a single dose of 20 mg/kg. Serum concentrations at different 
time points post-loading demonstrated therapeutic serum levels as 
early as 4 hours, making this method effective even in an acute set-
ting [8]. Neonates who presented with seizures were also given 
oral phenobarbital as a single dose of 20 mg/kg with serial serum 
level measurements taken. Therapeutic levels were seen in as early 
as 0.5 hours, and at 12 hours post-loading, 80% of the neonates 
had adequate serum levels [9]. The common acute adverse effects 
of phenobarbital include sedation, respiratory distress, and liver in-
juries, but these previous studies demonstrated that children could 
tolerate enteral loading of phenobarbital to a maximum dose of 80 
mg/kg with no evidence of hypotension, arrhythmia, respiratory 
depression, or deterioration in liver function [6-9]. 

In our setting, oral phenobarbital has been used as a second- or 
third-line long-acting ASM for seizure control in patients with re-
petitive seizures at a total dose of 15 to 20 mg/kg, given as a single 
dose or in staggered doses to be completed in 24 to 48 hours [10]. 
As of this writing, only a few studies are available for review, and no 
local data are available. This study thus aimed to determine wheth-
er oral phenobarbital can produce adequate serum therapeutic lev-
els within 24 to 48 hours when given either as a single dose in a 
range of 15 to 20 mg/kg or in staggered doses of 10 mg/kg 12 
hours apart. Specifically, this study also compared the different oral 
dosing regimens of phenobarbital in terms of the proportion of pa-
tients who achieved therapeutic serum levels, the rate of clinical 
seizure recurrence, and the acute adverse effects that were docu-
mented. 

Materials and Methods 

1. Patient selection 
A retrospective review was conducted of the medical records of pe-
diatric inpatients admitted from January 2019 to June 2022 for 
acute repetitive seizures at the Philippine Children’s Medical Cen-
ter. Acute repetitive seizures previously known as cluster seizures 
are defined most commonly as seizures occuring more than three 

times in 24 hours with interictal period of 8 hours or less, or sei-
zures occuring more than two times in 6 to less than 48 hours [11]. 
Patients aged 1 month to 18 years old were included if they were 
given either a single oral loading dose of 15 to 20 mg/kg/dose or 
two doses of 10 mg/kg 12 hours apart, with a serum level measure-
ment taken within 24 to 48 hours from the initial loading dose. 
These patients may have had newly diagnosed epilepsy or were 
known epilepsy patients already on maintenance ASMs. Patients 
who were already maintained on phenobarbital were included if 
they had a history of missed doses for more than 24 hours or had 
laboratory-confirmed subtherapeutic levels. Patients who were giv-
en oral phenobarbital after another first-line ASM failed to control 
seizures were also included. Fig. 1 shows the distribution of the 
data samples collected. 

Only convenience sampling was possible—The initial sample 
size computation was a minimum of 20 patients per arm satisfying 
the inclusion criteria, to determine, at 80% power, the effect of oral 
phenobarbital loading on serum phenobarbital levels, assuming 
that each subject had three measurements taken and intersubject 
variability was 50%. However, the number of samples obtained 
was not achieved from the total charts reviewed, and a total sample 
size of only 25 was obtained in this study. A total of 142 inpatient 
medical records with phenobarbital assays from the study period 
were reviewed. Of these, only 63 patients were given oral pheno-
barbital loading for acute repetitive seizures. Thirty-eight patients 
were excluded for various reasons (Fig. 1). The 25 patients who 
met the inclusion criteria were categorized into two groups: those 
who received a single dose and those with two doses. Seizure re-
currences after oral loading and additional doses of phenobarbital 
or ASMs given to achieve clinical seizure control were also docu-
mented. If available from the records, information on liver function 
tests conducted within 24 to 48 hours after oral loading was also 
collected.  

2. Statistical analysis 
Summary statistics were reported as median (interquartile range 
[IQR]) for quantitative variables with skewed distribution and as 
percentage (count) for qualitative measures. The minimum and 
maximum values of continuous data were also reported. The Sha-
piro-Wilk test was used to determine whether continuous variables 
deviated from a Gaussian (normal) distribution. The chi-square 
test of independence was used to determine the significance of as-
sociations between two qualitative variables. The Mann Whitney 
U test was used to compare the serum phenobarbital levels be-
tween two groups. Statistical significance was based on a P ≤ 0.05. 
Stata version 15 (Stata Corp LLC, College Station, TX, USA) was 
used for data processing and analysis. 
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3. Ethics 
Ethical approval was obtained from the Philippine Children's 
Medical center Institutional Review Board (IR-EC #: PRCMC 
IR-EC 2021-041). This study adhered to the ethical consider-
ation and principles set out in the Data Privacy Act of 2021 and 
the National Ethical Guidelines for Health and Health-Related re-
search of 2017. Written informed consent from the patients was 
waived due to the retrospective nature of the study and patients' 
information and results gathered were strictly kept confidential by 
removing any identifiers such as names, addresses, and contact 
numbers before further usage and analysis. The investigator, 
co-investigator, and supervising investigators have completed the 
Good Clinical Practice training on the responsible conduct of re-
search with human subjects.

Results 

1. Demographic and clinical data 
Eleven patients (45.5% male) were given a single dose of oral phe-
nobarbital loading, while 14 patients (50% male) were given two 
divided doses (Table 1). The median age was 2.9 years. Sixteen pa-
tients (64%) were diagnosed with epilepsy with structural etiolo-

gies. Focal motor seizures were seen in 23 patients (92%), and a 
co-existing illness during seizure occurrence was noted in 17 pa-
tients (68%), with pneumonia being the most common (10 pa-
tients, 40%). Five patients (20%) were already on phenobarbital 
maintenance, and three had missed doses for more than 24 hours 
for various reasons. Seven patients (28%) were maintained on a 
different ASM, with oral levetiracetam being the most common (in 
eight patients), followed by oral phenytoin. An intravenous benzo-
diazepine (diazepam/midazolam) was administered to 14 patients 
(56%) prior to oral phenobarbital loading. Intravenous levetirace-
tam was started in 10 patients (40%), followed by intravenous val-
proic acid in three patients (12%) without adequate seizure control 
before being given oral phenobarbital loading. 

2. Determination of serum phenobarbital levels 
Serum phenobarbital levels were determined once within 24 to 48 
hours after oral loading (Fig. 2). The therapeutic range was defined 
as a serum level of 10 to 40 µg/mL—As indicated in our institu-
tion’s laboratory values. All 25 patients were able to achieve thera-
peutic serum levels within 48 hours post-loading. Twenty patients 
had an assay taken within 24 hours post-loading, with a median 
value of 19.8 μg/mL (IQR, 15.05 to 26.05), range from 13.5 to 

79 Patients
no phenobarbital oral 

loading done

Analyzed

13 Patients
no phenobarbital assay 
done after post-loading

142 Patients
with phenobarbital assay

38 Patients
excluded

25 Patients
fulfilled inclusion criteria

63 Patients
phenobarbital oral loading 
+ acute repetitive seizures

2 Patients
status epilepticus

1 Patients
nonconvulsive status 

epilepticus

18 Patients
on phenobarbital 

maintenance with minimal 
serum therapeutic dose 

prior to oral loading

4 Patients
phenobarbital oral loading 
at 5 mg/kg/dose for 4 doses

Fig. 1. Distribution of data samples included in the study. Within the study period, 142 patients had medical records documenting a 
phenobarbital assay. Only 63 patients had acute repetitive seizures and oral loading of phenobarbital. Thirty-eight patients did not meet 
the inclusion criteria and were excluded for the following reasons: 13 patients had no phenobarbital serum level measurements taken 
after the loading dose, 18 underwent oral loading but were already on phenobarbital maintenance with minimum therapeutic serum 
levels; four were given phenobarbital oral loading at 5 mg/kg/dose for 4 doses over 48 hours; two were given an oral phenobarbital 
loading dose to control clinical status epilepticus, and one had nonconvulsive status epilepticus.
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Table 1. Demographic and clinical profile of patients with oral loading of phenobarbitala 

Characteristic
Oral loading of phenobarbital received

1 dose (15–20 mg/kg/dose) (n=11) 2 doses (10 mg/kg/dose) (n=14)
Demographic
 Sex
  Male 5 (45.5) 7 (50.0)
  Female 6 (54.5) 7 (50.0)
 Age in years
  <1 5 (45.5) 4 (28.6)
  1–5 2 (18.2) 6 (42.9)
  6–10 2 (18.2) 3 (21.4)
  11–18 2 (18.2) 1 (7.1)
Clinical profile
 Seizure/epilepsy etiology
  Structural 6 (54.5) 10 (71.42)
  Infectious/post-infectious 1 (18.2) 3 (14.3)
  Epilepsy syndrome 1 (9.1) 1 (7.1)
  Metabolic 2 (18.2) -
  Unknown 1 (9.1) -
 Characteristics of seizures
  Focal motor 10 (90.9) 13 (92.9)
  Focal nonmotor - 1 (7.1)
  Generalized, motor 1 (9.1) -
  Others (myoclonus, spasms) 1 (9.1) 2 (14.2)
 Presence of comorbidities at time of admission/seizures
  None 3 (27.3) 5 (35.7)
  Cerebral palsy 1 (9.1) 2 (14.3)
  Pneumonia 3 (27.3) 7 (50.0)
  Other infections (ventriculitis, URTI) 1 (36.4) 5 (35.7)
  Missed doses of phenobarbital 1 (9.1) 2 (14.3)
  Missed doses of other ASM - 1 (7.1)
  Metabolic derangements 1 (9.1) -
 On phenobarbital maintenance medication
  Yes 3 (27.3) 2 (14.3)
  No 8 (72.7) 12 (85.7)
 Other maintenance ASMs
  Levetiracetam 5 (45.5) 3 (21.4)
  Valproic acid - 1 (7.1)
  Phenytoin 3 (27.3) 2 (14.3)
  Others 4 (36.4) 1 (7.1)
 Other ASMs administered before phenobarbital
  None 1 (9.1) 6 (42.9)
  Diazepam/midazolam 7 (63.6) 7 (50.0)
  Levetiracetam (intravenous) 5 (45.5) 5 (35.7)
  Valproic acid (intravenous) 3 (27.3) -
  Phenytoin (intravenous) 2 (18.2) -
  Oxcarbazepine (oral) 1 (9.1) -

Values are presented as number (%) among 25 patients given oral phenobarbital loading: 11 patients given a single dose of 15 to 20 mg/kg, and 14 patients 
given two doses of 10 mg/kg 12 hours apart.
URTI, upper respiratory tract infection; ASM, anti-seizure medication.
aSome patients presented with multiple seizure types, comorbities and maintenance medications.
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38.5 μg/mL. These patients were 10 of 11 (90.9%) with single 
dose and 10 of 14 (71.4%) with two doses. There was a signifi-
cant difference on the median serum levels between one dose 
group (25.98 mg/mL; IQR, 19.11 to 31.78) and two dose 
group (15.24 mg/mL; IQR, 13.96 to 27.37).

Five patients had an assay determined on the 48th hour 
post-loading with median serum phenobarbital levels of 27.4 
μg/mL (IQR, 17.2 to 48.9), range from 13.4 to 51.0 μg/mL. 
Four of these received two doses (4 of 14, 28.6%) and one had a 
single dose (1 of 11, 9.1%). The median serum level in the four 
pa tients with two doses was 24.4 μg/mL (IQR, 17.45 to 37.15), 
range from 13.4 to 46.9 μg/mL.

The distribution of these patients and comparison between the 
two regimens did not show any statistical difference (P = 0.245) in 
achieving therapeutic levels (Table 3). At 24 hours, higher median 
serum levels were found in patients given the single-dose regimen 

than in those given two doses (P = 0.023) (Table 2). 
The overall median serum phenobarbital level was 21.5 mg/mL 

(IQR, 15.14 to 27.37), range from 13.4 to 51.0 mg/mL.  The me-
dian serum levels within 24 hours and 24 to 48 hours were 19.8 
mg/mL (IQR, 15.02 to 26.45) and 27.4 mg/mL (IQR, 21.46 to 
46.86). A comparison between these two groups showed marginal 
results (P = 0.055), suggesting that the actual difference in serum 
levels could be either significant or not. This warrants further in-
vestigation through similar studies on a larger scale. 

3. Seizure control and adverse effects 
Clinical to seizure control between the two groups was not signifi-
cantly different (P = 0.548) (Table 4). Drowsiness was recorded in 
18 patients (75%), without a significant difference between the 
two groups (P ≥ 0.067) (Table 5). 

Serum phenobarbital levels at 24 hours:
13.5–38.5 μg/mL

Serum phenobarbital levels at 48 hours:
13.4–51 μg/mL55
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Fig. 2. Serum phenobarbital levels attained within 24 to 48 hours post-loading. The X-axis corresponds to the time in hours when 
the measurement was made, while the Y-axis corresponds to the serum levels of each patient. Patients who received a single dose of 
phenobarbital oral loading are shown in purple, while those who received two divided doses are colored green. The therapeutic range is 
marked by the orange area. Serum values ranged from 13.5 to 38.5 μg/mL at 24 hours and from 13.4 to 51 μg/mL at 48 hours.

Table 2. Comparison of median phenobarbital serum levels achieved at 24 and 24 hours after oral loading

Time when phenobarbital assay taken No. of patients
Median serum phenobarbital levels achieved per oral loading regimen (μg/mL)
1 Dose (15–20 mg/kg/dose) (n=11) 2 Doses (10 mg/kg/dose) (n=14)

24th-hour  20 25.98 (19.11–31.78) 15.24 (19.11–31.78)
48th-hour 5 51 24.4 (17.45–37.15)

Values are presented as median (interquartile range). The comparison of serum levels between the two oral loading regimens was significant at 5% (P=0.023)

https://doi.org/10.26815/acn.2022.0021316

Fronda JGD et al. • Oral Loading of Phenobarbital



Table 3. Distribution and comparison of patients who achieved serum therapeutic levels after oral loading of phenobarbital

Time when the phenobarbital assay was taken No. of patients
Oral loading dose given

1 dose (15–20 mg/kg/dose) (n=11) 2 doses (10 mg/kg/dose) (n=14)
24 hours 20 10 (90.9) 10 (71.4)
48 hours 5 1 (9.1) 4 (28.6)

Values are presented as number (%) among 11 patients given a single dose of oral phenobarbital and 14 patients with two divided doses. The one-sided test 
of independence did not yield significant results (P=0.245).

Table 4. Comparison of seizure control in patients given an oral loading dose of phenobarbital

Seizure recurrence No. of patients
Oral loading dose given

1 dose (15–20 mg/kg/dose) 2 doses (10 mg/kg/dose)
Patients without seizure recurrence 19 8 (72.7) 11 (78.6)
Patients with seizure recurrence 6 3 (27.3) 3 (21.4)

Values are presented as number (%) among 11 patients given a single dose of oral phenobarbital and 14 patients with two divided doses. The one-sided test 
of independence did not yield significant results (P=0.548).

Table 5. Adverse effects noted after oral phenobarbital loading

Adverse effects reported No. of patients
Oral loading dose given

1 dose (15–20 mg/kg/dose) 2 doses (10 mg/kg/dose)
Drowsiness 18 10 (90.9) 8 (57.1)
Decreased sensorium 4 1 (9.1) 3 (21.4)
Elevated liver enzymes 3 3 (27.3) -

Values are presented as number (%) among 11 patients given a single dose of oral phenobarbital and 14 patients with two divided doses. The one-sided test 
of independence did not yield significant results (P≥0.067).

Discussion 

Acute repetitive seizures are neurologic emergencies that may 
progress to status epilepticus if left untreated. Intravenous pheno-
barbital is a well-established second-line ASM used for acute repet-
itive seizures when the recommended benzodiazepines fail to con-
trol seizures [11-15]. In this retrospective review, children with 
acute repetitive seizures were given oral phenobarbital instead of 
the intravenous form due to the latter’s unavailability. As there are 
still no set recommendations for the actual doses and use of oral 
phenobarbital loading at our institution, this method was based on 
the available related literature and the attending neurologists' expe-
rience. 

Acceptable serum therapeutic levels may vary across laborato-
ries, but are considered effective at 10 to 40 μg/mL [10]. After oral 
loading via a single dose or in two divided doses, the patients in 
this study were able to achieve therapeutic serum levels as early as 
12 hours, with higher serum values at the 24-hour determination. 
Comparing these two dosing regimens demonstrated that higher 
serum levels were achieved at 24 hours with the single-dose regi-
men than with the two-dose regimen. In young children and in-
fants, the bioavailability of phenobarbital is less than 50%, with sys-

temic clearance of as long as 70 hours. A higher gastric pH in chil-
dren also causes a decrease in the absorption rate [16,17]. These 
factors may contribute to the higher levels documented using the 
single dose regimen in the 24-hour test. At 48 hours, higher serum 
levels were seen, possibly due to the additional maintenance doses 
administered a few hours before the determination of serum con-
centration levels. These results show that an initial high oral load-
ing dose is adequate to provide rapid plasma levels, which can be 
maintained with additional doses over the following days. 

Phenobarbital is effective in focal seizures, the most common 
seizure type seen in this study [18]. Most patients who were given 
oral phenobarbital after intravenous benzodiazepine achieved clin-
ical seizure control except for three patients. Two of these were cas-
es of epilepsy syndromes (tuberous sclerosis complex and Len-
nox-Gastaut syndrome) with intractable seizures already main-
tained on other ASMs. Oral phenobarbital was administered orally 
for acute repetitive seizures, but initially had poor seizure control; 
thus, the maintenance doses were increased. Seizure reduction to 
50% from baseline was noted 4 days post loading, and their serum 
levels at 48 hours showed slightly higher serum levels (46 and 51 
μg/mL). The third patient was a previous case of status epilepticus 
who already had seizure control with three other ASMs with maxi-
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mal doses before having repetitive seizures. He was given a single 
dose of 15 mg/kg oral phenobarbital, and repetitive seizures per-
sisted over the next hour before clinical control was achieved. 
Phenobarbital oral loading was given to 13 patients after intrave-
nous levetiracetam (40%), phenytoin (20%), or valproic acid 
(4%) was unable to achieve adequate seizure control despite max-
imum doses. After administration of oral phenobarbital, clinical 
seizure control was achieved in 10 patients (70%). Of the patients 
with persistent clinical seizures, one needed a subsequent increase 
in the maintenance dose; one was given another ASM (oxcarba-
zepine), and the other had no subsequent episode after the initial 
seizure recurrence, showing adequate seizure control after oral 
phenobarbital. 

The acute adverse effects of phenobarbital include rashes, hyper-
sensitivity reactions, somnolence, drowsiness, and acute liver dys-
function [10,18]. Drowsiness was the most commonly reported 
adverse effect in 18 patients and was noted to be transient, with re-
covery within 24 hours. Four patients (16%) had an associated de-
creased sensorium post-loading. Two of them had concomitant 
pneumonia requiring intubation. One was a case of aqueductal ste-
nosis that eventually needed a ventriculoperitoneal shunt, and the 
other was a case of a posterior fossa mass that loped decreased sen-
sorium after the second dose of oral loading was given. Improve-
ment was noted after transiently withholding subsequent mainte-
nance doses of phenobarbital for 24 hours before resumption. 
Most of the adverse effects documented in these patients depend-
ed on their comorbidities at the time of seizure occurrence. These 
findings are similar to those of previous studies of oral phenobarbi-
tal loading in children and neonates [8,9]. Liver function measures 
were only available in three patients. The two patients with elevat-
ed liver enzymes had a concomitant liver injury; one had jaundice 
on admission, while the other had a vitamin K deficiency. Similarly, 
phenobarbital in this setting did not directly cause acute liver injury 
after the oral loading doses were given. A comparison between the 
two dosing regimens in terms of these adverse effects also showed 
no significant difference between the two groups. 

This study was limited due to its retrospective nature and small 
sample size. Because of the short interval for study inclusion and 
the non-routine phenobarbital serum monitoring, the study par-
ticipants were limited. A review of patients’ medical records would 
also be unable to fully document all the adverse events that may 
occur in these patients. A prospective and broader-spectrum study 
is thus recommended. 

This study showed that oral loading of phenobarbital at a dose 
of 15 to 20 mg/kg/day given as a single dose or in two divided 
doses is an effective and safe method for achieving serum thera-
peutic effects within 24 hours after oral loading. This serum level 

was maintained and increased with maintenance doses. Children 
were able to tolerate this method with minimal and transient ad-
verse reactions. This practice may thus be a helpful alternative at 
centers without access to intravenous phenobarbital or other new-
er ASMs. 
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Original article

Purpose: This study evaluated the efficacy and tolerability of cannabidiol (CBD) as an add-on 
therapy for childhood-onset Lennox-Gastaut syndrome (LGS). 
Methods: This retrospective study enrolled patients who visited the Department of Pediatric Neu-
rology at Asan Medical Center from March 2019 to February 2022 and were treated with CBD. 
Electronic medical records and clinically relevant factors (including the type of epilepsy and sei-
zures, etiology, and the number of concomitantly used anti-epileptic drugs) were reviewed. The 
outcome was clinical response to CBD (≥50% or <50% seizure reduction at 1, 3, and 6 months 
after CBD introduction and the last follow-up visit). Relevant adverse events were monitored. 
Results: Thirty patients were included. The median age of epilepsy onset was 5.5 years (interquar-
tile range [IQR], 3.3 to 25.3), with a median treatment duration of CBD of 6 months (IQR, 3.3 to 
7.0). Sixteen patients (53.3%) showed ≥50% seizure reduction at the last follow-up. In a univari-
ate analysis, patients whose epilepsy commenced after 3 years of age were more likely to respond 
to CBD (odds ratio, 10.11; 95% confidence interval, 1.05 to 97.00; P=0.04). Adverse events were 
observed in 11 patients (36.6%); the most common adverse event was somnolence. 
Conclusion: CBD could be a treatment option for children and young adults with drug-resistant 
LGS with a tolerable safety profile. Age at epilepsy onset (>3 years) was associated with a favor-
able response to CBD treatment. Further prospective studies with larger populations are needed 
to evaluate the tolerability and efficacy of CBD in patients with drug-resistant epilepsy of various 
etiologies. 

Keywords: Lennox Gastaut syndrome; Drug resistant epilepsy; Cannabidiol  

Introduction 

In recent years, there has been a growing interest in the treatment 
of epilepsy with medicinal cannabis. Cannabis plants contain more 
than 100 terpenophenolic compounds, termed phytocannabi-
noids. The two main compounds are delta-9-tetrahydrocannabi-
nol (delta-9-THC) and cannabidiol (CBD) [1,2]. Delta-9-THC 

partially activates the cannabinoid receptor type 1 (CB1)/canna-
binoid receptor type 2 (CB2) receptor and has a potent anti-in-
flammatory effect. However, it has psychoactive, cognitive, and be-
havioral side effects. In contrast to THC, CBD has a very low affin-
ity for CB1 and CB2 receptors, and this means that it lacks a psy-
choactive effect. Therefore, CBD has been suggested as a treatment 
for epilepsy that does not involve the endocannabinoid system 
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[3,4]. 
Medical cannabinoids have been administered to a large number 

of patients since 2018, and four randomized controlled studies 
conducted with plant-derived pharmaceutical CBD (Epidiolex, 
Greenwich Biosciences Inc., Carlsbad, CA, USA) showed mean-
ingful seizure frequency reduction, acceptable tolerability, and 
safety in patients with Lennox-Gastaut syndrome (LGS), Dravet 
syndrome (DS), and tuberous sclerosis complex (TSC) [5-10]. 

In the clinical setting in Korea, a medical cannabis product 
named Epidiolex (CBD, 100 mg/mL) was approved for use in 
March 2019 by the Health Insurance Review and Assessment Ser-
vice and has been administered to patients with LGS and DS aged 
≥2 years. Moreover, since April 2021, the National Health Insur-
ance System has covered the expense of CBD for patients with 
LGS/DS who do not respond to multiple anti-seizure medication 
(ASM) treatments (over five ASMs), and CBD is, at present, more 
easily available for many patients with drug-resistant LGS and DS. 

This retrospective study was conducted at a single tertiary center 
in Seoul, South Korea, and aimed to investigate the real-world effi-
cacy of CBD in pediatric and young adult patients. This study 
aimed to evaluate the efficacy and tolerability of CBD as an add-on 
therapy for children, adolescents, and young adult patients with 
drug-resistant LGS and DS. 

Materials and Methods 

1. Patient population and data collection 
This retrospective study was performed on patients with LGS and 
DS who were treated with Epidiolex (CBD, 100 mg/mL) from 
March 2019 to February 2022 at Asan Medical Center, Seoul, Ko-
rea. Patients treated with CBD for less than 1 month were excluded 
because the treatment period was insufficient to evaluate efficacy. 
Clinical data based on electronic medical records such as past med-
ical history, type of seizures, frequency of monthly seizures, under-
lying etiology, brain magnetic resonance imaging findings, inter-ic-
tal electroencephalography (EEG) abnormalities, the number of 
concomitantly used ASMs, clinical response, and any adverse 
events or positive effects reported by parents were reviewed. Sei-
zure type was classified based on the initial manifestation of the 
seizure as generalized, focal, or combined (if patients had both 
generalized and focal seizures). 

In the clinical setting, CBD was initiated at 2.5 mg/kg orally 
twice a day. If the patient tolerated the treatment for a week, the 
dose was increased to 5 mg/kg twice a day, followed by a mainte-
nance dose of 10 to 25 mg/kg/day. 

To evaluate seizure outcomes with CBD, data on baseline sei-
zure type and frequency were collected 28 days prior to CBD initi-

ation, and seizure type and frequency were evaluated during the 
treatment period (1, 3, and 6 months after CBD initiation, as well 
as at the last follow-up). These observations were documented by 
the patient’s caregiver or two pediatric neurologists. Response to 
CBD was defined by a decrease of ≥50% in seizure frequency. 

This study was approved by the Institutional Review Board 
(20180021) of Asan Medical Center. Written informed consent by 
the patients was waived due to a retrospective nature of our study.

2. Statistical analysis 
The data were analyzed using SPSS statistical software version 21.0 
(IBM Corp., Armonk, NY, USA). The chi-square and Fisher exact 
tests were used to analyze qualitative variables. Mean values were 
compared using the independent t-test for parametric continuous 
variables, and median values were analyzed using the Wilcoxon 
rank-sum test for non-parametric continuous variables. The data 
were presented as mean±standard deviation or median (interquar-
tile range [IQR]). Differences were considered statistically signifi-
cant at P values <0.05. Univariate logistic regression analysis was 
performed to identify the potential beneficial factors associated 
with CBD treatment.  

Results 

Thirty patients with LGS were included in this study. The demo-
graphic findings are summarized in Table 1. CBD treatment was 
initiated at a mean age of 15.0±6.8 years, with a mean duration of 
epilepsy treatment of 12.7±6.2 years. The study group consisted 
of 19 pediatric patients aged <18 years old and 11 adult patients. 
The onset of epilepsy occurred at 5.5 years (IQR, 3.3 to 25.3), 
and the patients concomitantly used multiple ASMs (5; IQR, 4.0 
to 5.0) and had been previously treated with non-pharmacothera-
py (corpus callosotomy, vagal nerve stimulation, and diet thera-
py). Unknown etiologies were most common (18/30, 60%), fol-
lowed by structural brain lesions (9/30, 30%), genetic etiologies 
(2/30, 6.7%), and infectious etiologies (1/30, 3.3%). Twenty pa-
tients had a history of infantile spasms, and 22 showed neurocog-
nitive deficits. 

The final dosage of CBD was 9.7 mg/kg/day (IQR, 5.2 to 12.8) 
for 6 months (IQR, 3.3 to 7.0). Adverse events were observed in 
11 of 30 (36.6%) patients; the most common adverse event was 
somnolence, followed by diarrhea, speech disturbance, and gait ab-
normality. 

During the treatment period, 16 patients showed ≥50% seizure 
reduction without serious adverse events. The seizure outcomes of 
the study group at 1, 3, and 6 months and at the last follow-up are 
shown in Fig. 1. The response rate (i.e., the proportion of patients 
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who achieved ≥50% monthly seizure frequency reduction) was 
40% at 1 month, 45% at 3 months, 47.1% at 6 months, and 43.3% 
at the last follow-up (Fig. 1). 

The study group was divided into two subgroups according to 
seizure outcomes at the last follow-up (responders [n=16] vs. 
non-responders [n=14]). When comparing the two subgroups, 
demographic findings, past medical history, epilepsy etiologies, 
and the type of seizure or EEG findings were not associated with 
response to CBD. However, there was a difference in the propor-
tion of patients who were diagnosed with epilepsy at an older age 
(>3 years of age), which suggests that those patients tended to re-
spond better to CBD treatment (Table 2). Furthermore, all four 
patients with TSC were included in the responder group. In the re-
sponder group, there was a meaningful monthly seizure frequency 
reduction by seizure type (generalized seizure [n=14, 66.6±76.9 
vs. 16.7±14.1, P=0.02] vs. focal seizure [n=7, 134.1±121.9 vs. 
41.2±50.8, P=0.04]) (Fig. 2). In the univariate analysis, patients 
whose epilepsy onset occurred after 3 years of age responded bet-
ter to CBD (odds ratio [OR] for response, 10.11; 95% confidence 
interval [CI], 1.05 to 97.00; P=0.045) (Table 3). 

When compared by age group, adult (11 patients) and pediatric 
(aged ≤18 years, 19 patients) subgroups showed no significant dif-
ferences in the likelihood of achieving ≥50% seizure reduction 
(6/11 [54.5%] vs. 10/19 [52.2%]) or in the adverse event rate 
(4/11 [36.4%] vs. 7/19 [36.8%]). 

Subjective reports from patients’ caregivers described improved 
neurocognitive function in 6/30 (20%) patients, and 7/30 
(23.3%) patients de-escalated their ASMs during the follow-up pe-
riod after CBD introduction. 

During the treatment period of our study, 12 (40%) patients dis-
continued their treatment for various reasons. Five patients com-
plained about the lack of efficacy of CBD treatment, another four 
experienced unexpected adverse events (somnolence, n=2; ataxia, 
n=1; and diarrhea, n=1), one discontinued the medication due to 

Table 1. Demographic characteristics of the study group (n=30)

Variable Value
Mean age of cannabidiol initiation (yr) 15.0±6.8
Number of pediatric patients (≤18 years old) 11 (36.7)
Number of adult patients (>18 years old) 19 (63.3)
Mean duration of epilepsy treatment (yr) 12.7±6.23
Mean treatment duration of cannabidiol (mo) 6 (3.3–7.0)
Number of ASMs prior to cannabidiol 5 (4.0–5.0)
Age of epilepsy onset (yr) 5.5 (3.3–25.3)
Sex
 Male 20 (66.7)
 Female 10 (33.3)
Past medical history
 Prematurity 2 (6.7)
 History of febrile seizure 8 (26.7)
 History of status epilepticus 2 (6.7)
 Neurocognitive deficit 22 (73.3)
Previous diagnosis
 Infantile spasms 20 (66.7)
 Tuberous sclerosis complex 4 (13.3)
Epilepsy etiology
 Structural 9 (30)
 Genetic 2 (6.7)
 Infectious 1 (3.3)
 Unknown 18 (60)
Seizure type
 Generalized seizure 13 (43.3)
 Focal seizure 14 (46.7)
 Generalized and focal seizure 3 (10)
EEG abnormalities
 Background abnormality 10 (33.3)
 Generalized epileptiform discharges 12 (40)
 Focal epileptiform discharges 20 (66.7)
Non-pharmacological treatment
 Corpus callosotomy 13 (43.3)
 Vagal nerve stimulation 14 (46.7)
 Diet therapy 9 (30)
Adverse events (n=11, 36.6%)
 Somnolence 8 (72.7)
 Diarrhea 1 (3.3)
 Speech disturbance 1 (3.3)
 Gait abnormality 1 (3.3)

Values are presented as mean±standard deviation, number (%), or median 
(interquartile range).
ASM, anti-seizure medication; EEG, electroencephalography.
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Fig. 1. Seizure outcomes at 1, 3, and 6 months after cannabidiol 
introduction and at the last follow-up.
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Table 2. Demographics of the responder and non-responder groups

Variable Responder (n=16) Non-responder (n=14) P value
Age at CBD initiation (yr) 13.9±5.6 15.9±7.7 0.31
Pediatric patients (≤18 years old) 10 (52.2) 9 (47.8) 0.61
Adult patients (>18 years old) 6 (54.5) 5 (45.5)
CBD treatment period (mo) 6 (4.0–7.0) 9.7 (3.0–9.0) 0.91
CBD dosage by body weight (mg/kg) 10.7 (7.2–12.5) 8.7 (5.2–13.0) 0.91
Sex
 Male 10 (n=13) 10 (n=17) 0.44
 Female 3 (n=13) 7 (n=17)
Age of epilepsy onset ≤3 years 9 (56.3) 13 (92.9) 0.04
History of febrile seizure 5 (31.3) 3 (21.4) 0.69
Neurocognitive deficit 13 (81.3) 9 (64.3) 0.41
Previous diagnosis
 Infantile spasm 2 (12.5) 3 (21.4) 0.64
 Tuberous sclerosis complex 4 (25) 0 0.10
Etiologies
 Structural 7 (43.8) 2 (14.3) 0.09
 Genetic 0 2 (14.3)
 Infectious 1 (0.0) 0
 Unknown 8 (60.0) 10 (71.4)
Seizure frequency (n=24) 107.82±92.6 44±44.4 0.06
Seizure type
 Generalized 9 (56.3) 8 (57.1) 0.88
 Focal 2 (12.5) 3 (21.4)
 Combine 5 (31.3) 3 (21.4)
EEG abnormalities
 Generalized 6 (37.5) 6 (42.9) 0.71
 Focal 10 (58.8) 10 (71.4)
 Background abnormality 6 (37.5) 4 (28.6)
Brain MRI abnormalities 8 (50.0) 6 (42.9) 0.73

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
CBD, cannabidiol; EEG, electroencephalography; MRI, magnetic resonance imaging.
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Fig. 2. Monthly mean seizure frequency reduction at baseline 
and the last follow-up in the responder group. CBD, cannabidiol.

Table 3. Univariate logistic regression analysis of epilepsy traits for 
CBD response

Variable Odds ratio 95% CI P value
Neurocognitive deficit 2.41 0.46–12.70 0.301
Brain MRI abnormalities 1.33 0.32–5.64 0.696
Non-pharmacologic treatment
 VNS 0.45 0.10–1.95 0.285
 Corpus callosotomy 0.76 0.08–1.52 0.159
 Diet therapy 1.13 0.24–5.50 0.873
ASMs before CBD use 1.01 0.51–1.98 0.982
Age at epilepsy diagnosis >3 years 10.11 1.05–97.00 0.045
Structural etiology 4.67 0.78–28.05 0.092

CBD, cannabidiol; CI, confidence interval; MRI, magnetic resonance 
imaging; VNS, vagal nerve stimulation; ASM, anti-seizure medication.
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an economic burden, one could not visit the clinic due to the coro-
navirus disease 2019 outbreak, and one wanted to escalate other 
ASMs. 

Discussion 

This retrospective study analyzed data from real-world practice in 
South Korea and revealed comparable results for the overall re-
sponse rate (16/30, 53.3%) and the adverse event rate (11/30, 
36.7%). There was a meaningful monthly seizure frequency reduc-
tion in the generalized and focal seizure frequencies in the respond-
er group. In the univariate logistic analysis, age at epilepsy onset 
(>3 years) was associated with a good response to CBD during the 
treatment period. 

In two randomized controlled studies conducted in 2018 on the 
response to medical cannabis treatment for LGS, it was discovered 
that cannabinoids showed significant monthly seizure frequency 
reduction in LGS patients, especially CBD, which was effective for 
drop seizures [5,10]. Further open-label extended studies proved 
that long-term add-on CBD therapy sustained total and drop sei-
zure reduction in LGS [11], and higher doses as an adjunctive 
treatment (up to 50 mg/kg/day) showed significant monthly sei-
zure frequency reduction for mixed seizure etiologies [12]. In an-
other study on effective dose ranges for convulsive seizures in DS, 
adjunctive CBD led to reductions in convulsive seizure frequency, 
with a better safety and tolerability profile for the 10 mg/kg/day 
dose [13]. Another study group in South Korea reported CBD’s 
effects on patients with LGS and DS, stating that substantial pro-
portions of patients experienced a ≥50% seizure frequency reduc-
tion at 3-month (LGS 32.3% and DS 30%) and 6-month (LGS 
29.4% and DS 20%) follow-ups, at a mean dosage of 10 mg/kg/
day [14]. In our study, 16 (53.3%) patients achieved ≥50% seizure 
reduction, with a median dosage of 10.7 mg/kg/day (IQR, 7.2 to 
12.5). A meaningful difference was found in monthly seizure fre-
quency reduction by seizure type (generalized seizure vs. focal sei-
zure: 75% vs. 70%). As serious adverse events such as liver trans-
aminase elevation, lethargy, sedation, and upper respiratory tract 
infection occurred in a dose-dependent manner, our results sup-
port the notion that low-dose CBD is effective, with tolerable safe-
ty, for focal and generalized seizure frequency reduction in patients 
with LGS. 

Evidence of CBD treatment for patients with TSC has also been 
widely reported. Hess et al. [15] studied CBD for drug-resistant 
TSC and proved that the median weekly seizure frequency de-
creased from 22.0 (IQR, 14.8 to 57.4) to 13.3 (IQR, 5.1 to 22.1) 
after 3 months of treatment with CBD. In a randomized controlled 
trial conducted in 2019, there was a significant monthly seizure fre-

quency reduction from baseline to 48.6% (95% CI, 40.4% to 
55.8%) for the CBD25 (25 mg/kg/day) group and 47.5% (95% 
CI, 39.0% to 54.8%) for the CBD50 (50 mg/kg/day) group [7]. 
An extended open-label study also proved stable efficacy (median 
percentage reduction of 54% in TSC-associated seizures) and im-
proved overall conditions reported by caregivers [10]. Our study 
included four patients with TSC, and all four responded to a mean 
effective dose of CBD of 13.14 mg/kg/day. However, as our study 
population included a small number of patients with TSC, further 
well-designed and large-scale analyses are required. 

One of our key findings was that the patients responded better 
to CBD treatment when epilepsy onset occurred at an age >3 years 
(OR, 10.11; 95% CI, 1.05 to 97.00; P=0.045). Several previous 
studies have suggested that the outcome of epilepsy with an earlier 
onset (in the first few years of life) has a worse prognosis than that 
with a later onset [16,17]. An earlier onset of epilepsy is caused by 
structural abnormalities in the brain, such as cerebral malforma-
tions, neurometabolic diseases, and perinatal hypoxic-ischemic en-
cephalopathy, which are significantly associated with treatment re-
sponse to ASMs [18]. Thus, the better response to CBD in pa-
tients with epilepsy onset after 3 years of age may be explained by 
the fact that an earlier onset of epilepsy is associated with abnor-
malities of the brain such as perinatal structural brain abnormalities 
and electroclinical syndrome, which are already known risk factors 
for intractable seizures. However, in order to clarify which clinical 
factors were associated with response to CBD, a more detailed 
study design investigating etiology and other clinical factors is re-
quired. 

Positive effects on neuro-cognition were observed in six (20%) 
patients treated with CBD. There is growing evidence for the im-
provement of neurocognition and sleep architecture after treat-
ment with CBD [10,15,19-21]. Due to the nature of real-world 
study data with a small population and the nature of LGS, which is 
usually accompanied by intellectual disabilities, the neuro-cogni-
tive improvements in our study could not be objectively evaluated 
using a neuropsychiatric assessment tool, and the main resources 
for the cognitive and behavioral improvements were caregivers’ 
subjective documentation. Further well-designed studies with 
well-documented records are required. 

The main limitations of this study are its retrospective design 
and small sample size. We did not review specific types of ASMs. 
Since the mechanism of action of medical cannabis has not yet 
been fully elucidated and CBD is considered to be a potent inhibi-
tor of certain hepatic enzymes, there could be possible drug-drug 
interactions that may influence the overall effect of CBD. As we did 
not include patients treated with CBD for less than 1 month, the 
tolerability and safety of CBD were underestimated. The types of 
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seizures were mainly based on the reports of the patients’ caregiv-
ers, and efficacy for specific types of seizures, such as atonic, myoc-
lonic, and drop seizures, could not be evaluated. Moreover, the du-
ration of the treatment period was insufficient due to the recent in-
troduction of CBD in South Korea and delayed permission for na-
tional health insurance coverage. A further prospective study with 
a large population and longer-term follow-up is needed to evaluate 
the tolerability and efficacy of CBD in patients with types of 
drug-resistant epilepsy other than LGS. 

CBD could be a treatment option for children and young adults 
with drug-resistant LGS with a tolerable safety profile. Age at epi-
lepsy onset (>3 years) was associated with a favorable response to 
CBD treatment. Further prospective studies with a large popula-
tion are needed to evaluate the tolerability and efficacy of CBD in 
patients with drug-resistant epilepsy of varying etiologies. 
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Original article

Purpose: This study investigated the diagnostic utility of short-term video electroencephalogra-
phy (EEG) recordings at a tertiary care center in North India. 
Methods: A retrospective analysis was conducted of 30 minutes of video EEG recordings done 
between January 2021 and January 2022 in children between 1 and 10 years of age. Demograph-
ic and clinical data were collected from the EEG register. Age, sex, the clinical diagnosis, the 
number of anti-seizure medicines (ASMs), the activation procedures used, and EEG abnormalities 
were recorded. 
Results: Data from 100 children (male-to-female ratio, 1.9:1) were analysed. The mean age was 
5.39±2.02 years. The indications for EEG recordings were epileptic disorders, neurodevelopmental 
disorders, paroxysmal non-epileptic events, and miscellaneous in 66%, 18%, 9%, and 7% of chil-
dren, respectively. EEG abnormalities were seen in 50 children (50%) and about 45% of children 
were on two or more ASMs. EEG abnormalities in sleep were seen in 35 of 66 (53%) children, 
whereas abnormalities were observed on awake recordings with activation procedures (hyper-
ventilation and photic) in 23 of 34 (68%) children; this difference was not statistically significant 
(P=0.16) 
Conclusion: EEG abnormalities were significantly more common in children taking multiple 
ASMs; however, there was no statistically significant difference in the EEG yield between asleep 
and awake records with activation procedures. A better selection of patients for routine EEG, 
through an assessment of their clinical history and comorbidities, is warranted to increase its di-
agnostic yield. 

Keywords: Electroencephalography; Retrospective studies; Sleep; Neurodevelopmental disorders; 
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Introduction 

Video electroencephalographic (VEEG) recordings are an import-
ant diagnostic tool in neurology practise for epilepsy diagnosis and 
management [1]. VEEG is considered a gold standard in the diag-
nosis of pseudo-seizures or psychogenic non-epileptic seizures [2] 
Prolonged VEEG monitoring requires well-trained staff and infra-
structure, which is difficult in a resource-limited settings [3]. Short-
term VEEG recordings are economical and cost-effective since 
they do not require hospital admission and are therefore less costly 
than overnight electroencephalography (EEG) recordings. Studies 
have shown that even short-term recordings help to distinguish be-
tween epileptic and non-epileptic events and can help classify dif-
ferent seizure types [4]. However, only a few studies from North 
India have investigated the demographic profile and the role of 
short-term, outpatient VEEG in epilepsy and other disorders in 
the pediatric population [5]. The present study was undertaken to 
investigate the role of short-term VEEG in detecting the nature of 
abnormal events and to determine the utility of VEEG in confirm-
ing or classifying the referring diagnosis. 

Materials and Methods 

The study design was retrospective and hospital-based, involving 
an analysis of 30 minutes of short-term VEEG recordings done be-
tween January 2021 and January 2022 at a tertiary care center in 
North India. The short-term VEEGs were all done at the Depart-
ment of Pediatric Neurology of this tertiary care center. Demo-
graphic and clinical data were collected from the EEG register. 
Children between 1 and 10 years of age were included, and their 
age, sex, clinical diagnosis, number of anti-seizure medicines 
(ASMs), activation procedures used, and EEG abnormalities were 
recorded. Activation procedures were done as appropriate. Chil-
dren were sleep-deprived for all asleep records. Photic activation 
was done for all recordings (both asleep and awake). Eye opening 
and closure were performed by cooperative children, and passive 
eye closure was done for young children by having a technician 
cover their eyes. Hyperventilation was performed along with 
awake records in children above 5 years of age. Data from all 100 
consecutive patients referred for VEEG between January 2021 and 
January 2022 were noted in an Excel sheet (Microsoft Corp., Red-
mond, WA, USA) and analysed for predefined variables. All EEG 
examinations were done using a Nicolet One (Nicolet One V32 
amplifier, Natus Neurology, Pleasanton, CA, USA). A 16-channel 
EEG recording was conducted, using the 10–20 International Sys-
tem of electrode placement with bipolar and referential montages. 

1. Statistical analysis 
The collected data were recorded in an Excel spreadsheet (Micro-
soft, Redmond, WA, USA). The statistical analysis was performed 
using SPSS version 20 (IBM Corp., Armonk, NY, USA). For the 
descriptive data (e.g., participants’ demographic profile and co-
morbidities), mean and standard deviation (SD) values were used, 
and categorical variables were compared using the chi-square or 
Fisher exact test. The Student t-test was used for parametric con-
tinuous variables, the Wilcoxon signed rank test for nonparametric 
continuous variables, and differences with a P value of 0.05 or low-
er were considered significant. 

2. Ethical statement 
The study was approved by Command Hospital, Chandimandir 
Institute Ethical Committee (letter number 02/27/CHWC/ 
2022). Written informed consent was waived due to retrospective 
nature of the study.

Results 

During the study period from January 2021 to January 2022, 140 
short-term VEEGs were captured. The EEGs were screened for 
the inclusion criteria. Those belonging to children aged 1 to 10 
years were selected. If the duration of artefact-free recordings was 
less than 30 minutes, then the EEG was excluded from the analysis 
(Fig. 1). Finally, 100 EEG recordings were analysed as part of this 
retrospective study. 

Most of the patients (66/100) were boys, and their mean ± SD 
age was 5.4 ± 2.1 years. The indications for requesting an EEG 
study were varied. The most common disorder for which a clini-
cian requested an EEG examination was epilepsy (72/100). This 
category was defined as including structural as well as genetic types 
of epilepsy, epileptic encephalopathy, and evaluations of the first 
episode of unprovoked seizures. Other diagnoses included autoim-
mune encephalitis, tuberous sclerosis, paroxysmal non-epileptic 
episodes, and autistic spectrum disorder (Table 1). Epileptiform 

No. of EEGs screened (n=140)

EEGs included for final analysis (n=100)

No. of EEGs included in the study (n=105)

Excluded (n=35) (age <1 year or >10 years)

Secondary exclusion (n=5) (optimal recording <30 minutes)

Fig. 1. Flow of study. EEG, electroencephalography.
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abnormalities were found in 58 of these 100 EEG records. 
EEGs were recorded either in a sleeping state alone (66/100) or 

awake as well as asleep (34/100). The two groups were compared. 
Fifty-three percent of the asleep records showed epileptiform dis-
charges. In contrast, when EEG was captured both in sleeping and 
awake states, epileptiform discharges were found in 67.6% of re-
cords (Table 2). The proportion of EEG examinations with gener-
alised interictal epileptiform discharges was higher in sleeping re-
cords (19/35), while a combination of asleep and awake EEG cap-
tured focal abnormalities in 13 of 23 patients. 

The number of ASMs that these children were taking ranged 
from 0 to 4. Most children received two ASMs (52/100). The few-
est children were observed in the group receiving four ASMs 
(3/100). The children taking two or more ASMs had a higher pro-
portion of abnormal EEG recordings (P < 0.0001) (Table 3). 

The proportion of children with abnormal EEGs who were re-
ceiving none, one, or two ASMs, was 12.5%, 58%, and 62%, re-
spectively. The proportion of EEG examinations with focal interic-
tal epileptiform discharges was higher in children taking two or 
fewer ASMs, while those taking three or four ASMs had a higher 
proportion of generalised interictal epileptiform discharges 
(P < 0.0001). 

Discussion 

VEEG is a commonly used tool for the diagnosis, evaluation, and 
classification of childhood epilepsy, to differentiate seizures from 
seizure mimickers, and for pre-surgical evaluations prior to epilep-
sy surgery. Our study investigated the role of short-term VEEG in 
the identification of the nature of abnormal electrical/electro-clini-
cal events and also assessed the utility of VEEG in confirmation/

classification of the referring diagnosis. 
In our study, we observed a relatively high male-to-female ratio, 

with the most common reason for referral for VEEG being clinical 
suspicion of epilepsy, followed by neurodevelopmental disorders, 
autoimmune disorders, and paroxysmal non-epileptic events 
(PNEEs). A study by Nordli [6] showed that the main reason for 
performing VEEG in children was to clarify the nature of paroxys-
mal events and identify the type of epilepsy syndrome. Similarly, 
other studies also highlighted the importance of the same reason 
for using VEEG in children [7,8]. However, in our study, we also 
found that many of the VEEG examinations were performed in 
children with neurodevelopmental disorders. This has been a re-
cent trend among pediatric neurologists, and it helps in the early 
identification of any epileptic activity in children suffering from 
neurodevelopmental disorders, as well as in identifying whether 
any of the symptoms in these children could be attributed to an 
underlying epileptic process. In many studies, pseudo-seizures or 
PNEEs have also been a common indication for ordering VEEG, 
accounting for almost 20% of the cases [9]. However, in our study, 
this was observed in only 4% of cases. The low proportion of refer-
rals for VEEG in patients with suspected PNEEs could be because 

Table 1. Demographic profile and reasons for electroencephalography 
referral (n =100)

Variable Value
Age (yr) 5.4±2.1
Male sex 66
Reasons for EEG referral
 First episode of unprovoked seizure 4
 Epileptic encephalopathy 8
 Other epilepsy 60
 Neurodevelopmental disorders (ASD, ADHD) 12
 Autoimmune neurological disorders 4
 Paroxysmal non-epileptic events 4
 Others 8

Values are presented as mean±standard deviation or number.
EEG, electroencephalography; ASD, autism spectrum disorder; ADHD, 
attention deficit-hyperactivity disorder.

Table 2. Electroencephalography characteristics

Parameter Sleepinga Sleeping and 
awakea P valueb

No. of EEG records (n=100) 66/100 34/100
Abnormal EEG (n=58) 35/66 (53.0) 23/34 (67.6) 0.117
EEG with focal IED (n=29) 16 13 0.357
EEG with generalised IED (n=29) 19 10

Values are presented as number or number (%).
EEG, electroencephalography; IED, interictal epileptiform discharge.
aActivation procedures were done as appropriate. Children were sleep-
deprived for all sleeping records. Photic activation was done for all 
examinations (sleeping as well as awake). Eye opening and closure were 
performed by cooperative children, and passive eye closure was done for 
young children by having a technician cover their eyes. Hyperventilation 
was performed along with awake records in children above 5 years of age; 
bChi-square/Fisher exact test.

Table 3. Electroencephalography characteristics and anti-seizure 
medication profile

No. of ASM 0 1 2 3 4 P valuea

No. of children 16 19 52 10 3
Abnormal EEG 2 (12.5) 11 (57.8) 32 (61.5) 10 (100) 3 (100) <0.0001
Focal/gener-

alised IEDs
1/1 6/5 17/15 4/6 1/2 <0.0001

Values are presented as number or number (%).
ASM, anti-seizure medication; EEG, electroencephalography; IED, interictal 
epileptiform discharge.
aChi-square/Fisher exact test.
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any epileptiform activity can be easily picked up on routine EEGs, 
not necessitating a VEEG in all such cases. 

We observed that the yield of EEG abnormalities was higher in 
children in whom both asleep and awake VEEG recordings were 
obtained than in those with only asleep VEEG recordings, al-
though the difference was not statistically significant. In a study by 
Delil et al. [10], it was seen that there was a greater likelihood of 
abnormal awake EEG in patients with generalised epilepsy, espe-
cially in cases with a presumed genetic origin. In children, due to 
various logistic issues, many clinicians have asleep EEG done to 
detect any epileptiform activity. However, based on these findings, 
one should make all possible efforts to have both awake and asleep 
EEG performed in a child with suspected epileptiform activity. 
The absence of statistical significance could have been due to the 
small size of our study. It is highly likely that we would obtain statis-
tically significant results if similar studies are replicated with a larger 
sample. 

Another observation was that children who were taking two or 
more ASMs had a higher incidence of abnormal discharges on 
short-term VEEG recordings. ASMs affect the origin and propaga-
tion of seizures in diverse ways and with different potencies [11]. 
They suppress seizure activity through two main mechanisms: (1) 
diffusely inhibiting excitatory synaptic transmission and (2) selec-
tively affecting regions critical for seizures (e.g., the hippocampal 
formation). A higher number of ASMs indicates that children’s 
brains have already entered or are entering a state of drug resis-
tance. In such children, the usage of a higher number of ASMs does 
not significantly reduce epileptiform discharges. Hence, this could 
be a plausible explanation for the higher incidence of abnormal 
VEEGs in children taking two or more ASMs. Guida et al. [12] 
studied the effect of ASMs on refractory focal epilepsy, and opined 
that in patients with refractory focal epilepsy taking multiple 
ASMs, a significant reduction in epileptiform discharges was not 
observed, and frequent repetitive EEGs may not significantly 
change the management of epilepsy.  

A strength of our study is that it involves a diverse set of study 
subjects from various regions of northern India, ensuring a hetero-
geneous population for the study. Short-term VEEG examinations 
help to distinguish between epileptic and non-epileptic events. 
Therefore, in resource-limited settings, long-term VEEG record-
ings can be ordered only in cases where short-term EEG examina-
tions do not yield appropriate results. 

Our study is not without limitations. Firstly, the sample size was 
relatively small. Secondly, repeat long-term VEEG examinations 
were not performed for the 42% of children who did not have any 
abnormal EEG findings on short-term VEEG. No comparison was 
made between long-term VEEG and short-term VEEG recordings 

or between VEEG and non-VEEG recordings, as all our subjects 
underwent short-term VEEG. 

In conclusion, short-term EEG can have a good diagnostic yield 
and can help in identifying epileptiform discharges, especially in 
resource-limited settings. However, if normal results are obtained 
from short-term recordings, long-term VEEG should be conduct-
ed not to miss any abnormal electrical activity. In children taking 
two or more ASMs, the EEG examinations are more likely to show 
epileptiform discharges. Wherever possible, both asleep and awake 
EEG with activation procedures should be done to improve the 
yield of the EEG examinations. A better selection of patients for 
routine EEG, through an assessment of clinical history and comor-
bidities, is warranted to increase its diagnostic yield. 
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Original Article

Purpose: Regularly analyzing the prevalence of autism spectrum disorder (ASD) is important to 
inform policies and strategies for proper management. The present study aimed to esti-mate 
trends in ASD prevalence according to age and time in Korean children. 
Methods: We monitored the annual prevalence of ASD in children aged 2 to 18 years based on 
information from Statistics Korea and the Korean National Health Insurance Service. We estimat-
ed changes in prevalence between 2011 and 2021 after stratifying partici-pants into three age 
groups. Furthermore, we analyzed the prevalence of ASD by birth year. 
Results: The highest level of prevalence appeared in children aged 6 years, and thereafter, it de-
clined with age. The prevalence of ASD in children aged 2 to 18 years increased from 0.05% in 
2011 to 0.12% in 2021. During the same time, the prevalence in preschool children (2 to 5 years) 
remarkably increased from 0.04% in 2011 to 0.12% in 2021, while the prevalence in adolescents 
(13 to 18 years) increased from 0.05% in 2011 to 0.09% in 2021. The prevalence of ASD notably 
increased during the coronavirus disease 2019 (COVID-19) pandemic (2020 to 2021). Among 
children born between 2011 and 2015, the prevalence of ASD was higher for children with recent 
birth years, especially during the COVID-19 pandemic. 
Conclusion: The overall ASD prevalence in children and adolescents in Korea seems to be increas-
ing, especially in preschool children during the COVID-19 pandemic. Early and more effec-tive 
interventions are necessary for Korean children. 

Keywords: Autism spectrum disorder; Prevalence; Child; Korea; COVID-19  
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Introduction 

For several decades, children presenting with developmental devi-
ations in language and social and repetitive behaviors have been 
distinguished from children having other mental disorders and 
given a diagnosis of autism spectrum disorder (ASD) [1,2]. Most 
ASD patients will not live independently or work full-time [3]. 
Proper management strategies for preventing ASD should be ap-
plied, as well as suitable treatments for various ASD phenotypes. 
Recent genetic and molecular studies have discovered interesting 
patterns of risk factors, but without substantial practical implica-
tions [3-5]. To evaluate whether such strategies are valuable in a 
specific society, periodical analyses of the prevalence rate of ASD 
are essential. 

Unfortunately, over the past decade, the prevalence of ASD diag-
noses has in-creased considerably. A report from the United States 
focused on the prevalence and features of ASD among children 
aged 8 years in 2018 whose parents or guardians lived in 11 Autism 
and Developmental Disabilities Monitoring Network sites. The re-
searchers found that 23 per 1,000 children (i.e., one in 44) aged 8 
years had ASD and that the prevalence and median age of ASD 
identification varied widely across sites. These findings indicated a 
significant increase in ASD prevalence compared to 2014 (16.3 per 
1,000). Furthermore, despite some small differences between re-
gions, the prevalence of ASD was similar across racial groups in 
America. Potential reasons for the general increase in the preva-
lence of ASD include the extension of diagnostic criteria, the possi-
bility of an earlier age at diagnosis age, better public awareness, or a 
mixture of factors; however, a consensus is yet to be reached [6]. 
Moreover, a significant economic burden is placed on children 
with ASD and their families, mainly due to the need to provide 
support to adults who cannot function independently, and this re-
sults in higher health-care expenses, increased child-care time, and 
loss of caregivers’ income [7]. Therefore, institutional and eco-
nomic support is needed for people with ASD at the government 
level; to support such initiatives, it is important to periodically up-
date the prevalence rate, especially among the pediatric population, 
as most ASD diagnoses occur during childhood. 

According to earlier research using information from the Korean 
National Health Insurance Service (NHIS), the ASD prevalence 
was lower than the prevalence derived from questionnaire surveys 
[1]. However, using NHIS data to estimate the ASD prevalence 
may lead to an underestimate, considering that there are patients 
who have received alternative medical treatment or who cannot re-
ceive medical services. Although the accuracy of the diagnostic 
portion of NHIS data remains a matter of debate, we believe that 
the prevalence calculated using this data can be used to study 

changes in prevalence over time because the methods used for esti-
mation are consistent. Estimating the prevalence rate using NHIS 
data avoids selection bias because the NHIS data are drawn from 
the entire population. This method also has the advantage of sav-
ing time, cost, and effort compared to conducting direct examina-
tions or using a questionnaire [8]. 

To date, the ASD survey methodology has not been standard-
ized. Existing studies all have unique designs that reflect the do-
mestic social and health policies for children with disabilities [9]. 
This study provides up-to-date data on ASD prevalence in children 
and adolescents aged under 18 years in 2011 to 2021 from the 
NHIS, including the entire population living in the nation and pre-
senting objective and reliable data [10]. 

Materials and Methods 

1. Inclusion criteria 
We performed this retrospective study using information from the 
NHIS in Korea. We used data on ASD (codes F84.0, F84.1, F84.5, 
F88.8, or F88.9 according to the International Classification of 
Diseases [ICD], 10th revision), as in a previous study, through the 
homepage of the NHIS (http://www.nhis.or.kr) that provides var-
ious information [11]. This information is based on insurance 
claims submitted by doctors after examining ASD patients from 
2011 to 2021. The data are generated by clinics and hospitals that 
send diagnoses to the National Health Insurance Corporation after 
examining patients with a standard principal diagnosis. The medi-
cal departments associated with the data were pediatrics, psychia-
try, rehabilitation medicine, and neurology. The number of pa-
tients with ASD was counted as those who received actual medical 
treatment each year. Those who visited medical clinics with a diag-
nosis of ASD more than once a year were counted as single patients 
in this study. 

2. Sample collection and processing 
We estimated the number of patients who met the conditions ev-
ery year by calculating the number of people who visited clinics at 
least once a year for the treatment of ASD. Information on the age 
and sex of the aggregated patients was also obtained. From the 
homepage of Statistics Korea (http://www.kostat.go.kr), values for 
the estimated population of all age groups from 2011 to 2021 were 
collected. 

3. Data extraction 
The annual prevalence of ASD was derived by dividing the num-
ber of patients by the estimated population each year. We also cal-
culated the prevalence of ASD by age and sex. Children and ado-
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lescents were stratified into three age groups (2–5, 6–12, and 13–
18 years). Although ASD is sometimes diagnosed as early as the 
age of 18 to 24 months, the authors did not analyze those under 
the age of 2 [1,12]. 

Statistical values such as P values or confidence intervals were 
not needed, as this study evaluated the entire population of Korea, 
not randomly selected samples [8]. 

4. Ethics 
The study was conducted in accordance with the Declaration of 
Helsinki, and approved by the Institutional Review Board of 
Chuncheon Sacred Heart Hospital (CHUNCHEON 2022-01-
015). Written informed consent by the patients was waived due to 
a retrospective nature of our study.

Results 

Table 1 indicates the calculated prevalence rates of ASD in Korea 
by age (0 to 18 years) from 2011 through 2021. Each year, the 
highest prevalence appeared among 6 years old, and beyond this 
age, the prevalence decreased with age. Every year, boys had a high-
er prevalence than girls aged 2 to 18 years (median, 4.9 times high-
er; range, 2.7 to 7.6 times). 

Our analysis of time trends in prevalence based on age group 
showed that the prevalence of ASD in Korean children (2 to 18 

years) increased markedly from 0.05% in 2011 to 0.17% in 2021 
(Fig. 1). In particular, the ASD prevalence in preschool-aged chil-
dren (2 to 5 years) increased from 0.06% in 2011 to 0.23% in 2021. 

Table 1. The estimated prevalence rate (%) of pediatric autism spectrum disorder in Korea from 2011 through 2021

Age 
(yr)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl Boy Girl

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00
2 0.05 0.01 0.05 0.01 0.05 0.02 0.06 0.02 0.05 0.01 0.05 0.01 0.05 0.01 0.06 0.02 0.07 0.02 0.11 0.03 0.14 0.05
3 0.10 0.02 0.12 0.03 0.14 0.03 0.15 0.03 0.13 0.04 0.13 0.03 0.14 0.04 0.15 0.04 0.17 0.05 0.22 0.06 0.33 0.12
4 0.13 0.03 0.11 0.03 0.15 0.04 0.16 0.04 0.19 0.04 0.18 0.04 0.16 0.04 0.22 0.05 0.26 0.07 0.29 0.08 0.39 0.12
5 0.10 0.02 0.14 0.03 0.14 0.03 0.16 0.04 0.17 0.04 0.22 0.05 0.21 0.05 0.24 0.05 0.28 0.06 0.32 0.10 0.44 0.12
6 0.10 0.02 0.13 0.02 0.17 0.03 0.17 0.04 0.19 0.05 0.22 0.05 0.27 0.05 0.27 0.07 0.32 0.06 0.33 0.09 0.49 0.13
7 0.12 0.02 0.11 0.02 0.12 0.02 0.15 0.03 0.16 0.03 0.17 0.04 0.22 0.05 0.25 0.05 0.27 0.07 0.28 0.05 0.38 0.10
8 0.10 0.02 0.10 0.02 0.10 0.02 0.11 0.02 0.13 0.02 0.14 0.03 0.17 0.04 0.23 0.04 0.26 0.05 0.27 0.06 0.32 0.07
9 0.09 0.02 0.09 0.02 0.10 0.02 0.09 0.02 0.11 0.02 0.14 0.02 0.15 0.03 0.18 0.04 0.23 0.05 0.25 0.05 0.29 0.06
10 0.08 0.02 0.10 0.02 0.09 0.02 0.10 0.02 0.10 0.02 0.11 0.02 0.15 0.03 0.16 0.03 0.19 0.04 0.22 0.05 0.28 0.06
11 0.08 0.02 0.08 0.02 0.10 0.02 0.09 0.01 0.10 0.02 0.10 0.01 0.12 0.02 0.15 0.03 0.16 0.04 0.20 0.04 0.25 0.06
12 0.09 0.02 0.10 0.02 0.09 0.02 0.10 0.02 0.09 0.02 0.13 0.03 0.12 0.02 0.14 0.02 0.19 0.04 0.20 0.04 0.23 0.05
13 0.11 0.02 0.10 0.02 0.11 0.02 0.09 0.02 0.10 0.02 0.10 0.03 0.13 0.03 0.14 0.02 0.16 0.03 0.18 0.04 0.20 0.04
14 0.08 0.01 0.12 0.02 0.10 0.02 0.10 0.02 0.10 0.02 0.11 0.02 0.11 0.02 0.11 0.03 0.13 0.02 0.15 0.03 0.17 0.03
15 0.07 0.01 0.09 0.01 0.11 0.02 0.10 0.02 0.11 0.02 0.11 0.02 0.12 0.02 0.11 0.03 0.13 0.03 0.12 0.02 0.16 0.03
16 0.07 0.01 0.08 0.02 0.09 0.01 0.12 0.02 0.12 0.02 0.12 0.02 0.12 0.02 0.12 0.02 0.12 0.03 0.14 0.03 0.14 0.02
17 0.06 0.01 0.08 0.02 0.08 0.02 0.09 0.02 0.12 0.02 0.12 0.03 0.12 0.02 0.11 0.02 0.13 0.02 0.14 0.03 0.15 0.03
18 0.07 0.01 0.08 0.02 0.09 0.02 0.10 0.02 0.10 0.02 0.14 0.02 0.14 0.02 0.14 0.02 0.13 0.02 0.15 0.03 0.16 0.03
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Fig. 1. Time trends in the prevalence of autism spectrum disorder 
(ASD) in Korean children aged 18 years and under from 2011 to 
2021. Changes in ASD prevalence in each age group from 2011 to 
2021 were observed in the following age groups: overall (2-18), 
2-5, 6-12, and 13-18 years. COVID-19, coronavirus disease 2019.
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Additionally, the prevalence in adolescents (13 to 18 years of age) 
increased from 0.05% in 2011 to 0.10% in 2021. Notably, ASD 
prevalence in every age group demonstrated a rapid in-crease 
during the coronavirus disease 2019 (COVID-19) pandemic 
(2020 to 2021). The prevalence was lower in preschool-aged chil-
dren (2 to 5 years) than in children aged 6 to 12 years from 2017 to 
2019 and higher thereafter, from 2020 onward (during the 
COVID-19 pandemic). 

We analyzed whether the trend of increasing ASD prevalence 
with age was similar every year (Fig. 2). The prevalence rates for 
2011, 2014, 2017, and 2021 were compared. In 2011, the highest 
prevalence rate by age group was 0.08%, but it increased to 0.31% 
in 2021. In 2021 (during the COVID-19 pandemic), the preva-
lence of ASD in children under the age of 10 increased significantly 
compared to the prevalence in 2011, 2014, and 2017. Remarkably, 
the prevalence of ASD in 6 years old increased five-fold, from 
0.06% in 2011 to 0.31% in 2021. 

In addition, the slopes of increasing ASD prevalence were not 
the same according to age based on the year of birth (2011 to 
2015) (Fig. 3). Among children who were born in 2011, 2012, and 
2013, the increasing trend lines were similar. In contrast, in chil-
dren born in 2014 and 2015, the slopes of prevalence increased 
more steeply as children grew, especially for those born in 2015. 

Discussion 

The overall prevalence of ASD in children aged 2 to 18 years 
steadily increased from 2011 to 2021. Notably, the prevalence of 

ASD in preschool children (2 to 5 years of age) increased from 
0.06% to 0.23% during the 11-year study period. The increasing 
prevalence of ASD in Korea is consistent with that of other devel-
oped countries [1]. We also compared prevalence rates by age 
group among children born in the years 2011 to 2015. We postu-
lated that each group would eventually emerge from the disease at 
a similar rate, so that the difference in prevalence between groups 
would be maintained as the children grew. Interestingly during the 
COVID-19 pandemic (2020 to 2021) the slope of the prevalence 
of ASD between groups defined by birth year became larger with 
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Fig. 2. Comparison of the prevalence of autism spectrum disorder (ASD) by age group among the years 2011, 2014, 2017, and 2021. The 
slope of ASD prevalence by age was different between the years. The prevalence of ASD in 2021 was much higher than in other years.
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Fig. 3. Comparison of the prevalence of autism spectrum 
disorder by age among children born from 2011 to 2015. Among 
children who were born in 2011, 2012, and 2013, the slopes of 
the increasing trend lines were similar. In contrast, in children 
born in 2014 and 2015, the slopes of prevalence with growth 
increased sharply. COVID-19, coronavirus disease 2019. COVID-19, 
coronavirus disease 2019.
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age. This indicates that the COVID-19 pandemic seemed to in-
crease the incidence of ASD, especially in preschoolers. 

Although the precise reason has not been definitively estab-
lished, the increasing trend of ASD prevalence may be related to 
environmental changes and increased community awareness re-
garding the condition globally [1,3]. Countries that periodically 
investigate the prevalence of ASD include the United States, Cana-
da, Korea, France, Australia, and Taiwan. In the United States and 
Canada, the prevalence rate is investigated every few years with 
data provided by community medical and educational service pro-
viders (United States surveyed about 220,000 people aged 8 years, 
and Canada surveyed about 40,000 people aged 1 to 17 years) [13-
15]. France and Australia use national health registries (France 
surveyed about 300,000 people aged 7 years, and Australia sur-
veyed about 5,000 people aged 6 to 7 years) [15,16]. Similarly, Tai-
wan used its disability registry data, surveying about 300,000 peo-
ple aged 3 to 17 years each year between 2004 and 2010 [17,18]. 
As mentioned earlier, Korea uses the NHIS database for the entire 
nation. One study surveyed the prevalence rate with data from all 
children in Korea who were treated under the diagnosis of child-
hood autism from 2008 to 2015 [6]. 

According to a global estimate of ASD prevalence prepared us-
ing the results of those studies, the median prevalence in 2022 is 
65/10,000, which is higher than the rate of 62/10,000 reported in 
2012. Most of the studies reported in this study were performed in 
the United States and Europe, Western Pacific, and South-East 
Asia, and a few studies from Africa and the Middle East were also 
included [1]. It is already well-known that the main cause of ASD 
is genetics. A recent study examining the relationship between ge-
netic and environmental factors and the incidence of ASD in five 
countries found that the heritability of ASD was about 80%, imply-
ing that ASD occurrence across the world is mostly due to genetic 
factors and that the impact of environ-mental factors is small [19]. 
Thus, the reason for the continuing increase in the global preva-
lence of ASD is thought to be due to “alteration in community 
awareness world-wide,” “broadened diagnostic boundaries over 
time,” “increased diagnosis of milder forms,” and “increased diag-
nosis in previously underdiagnosed populations” [1]. According to 
one of the latest Centers for Disease Control and Prevention re-
ports estimating the prevalence of ASD in 2018, in which racial 
disparities reflected in ASD prevalence were monitored for many 
years, there was a slight difference in overall ASD prevalence in 
America among races, which were defined as including White 
(non-Hispanic) and Black (non-Hispanic), Hispanic, Asian/Pacif-
ic Islanders, and American Indian/Alaska Native children [14]. 
One study from Israel reported significantly lower rates of ASD 
prevalence among Arab and ultra-Orthodox populations [20]. 

The observed patterns in the changing prevalence rate according 
to age in Korea may be explained by opinions specific to Korean 
culture, such as “a feeling of rejection about seeing a psychiatrist” 
and “fear of being diagnosed with ASD or registration as a person 
with disabilities” [21]. Families need a medical certificate for a dis-
abled child to attend a special school and for insurance coverage 
[22]. For this reason, the prevalence rate increases until 6 to 7 
years, which is when children start school in Korea. However, diffi-
culties continue even after an ASD diagnosis is made. First, there is 
a shortage of resources such as special schools, special classes in 
general schools, specialist teachers, and educational assistance, and  
to make matters worse, most of the resources are for patients with 
intellectual disabilities [23]. In Korea, 1.35% of all students receive 
special education, compared to 3% of all students in Japan [24]. 
Second, there is a lack of national support for treatment. In Korea, 
the developmental rehabilitation service provides KRW 220,000 
(about 153 US dollar) worth of vouchers per month to children 
with brain lesions, blindness, hearing impairment, speech impair-
ment, intellectual disability, and autism, which is far from adequate 
to cover the cost of treatment [22,25]. Third, there is a lack of pro-
fessionals and no domestic training system for evidence-based in-
terventions for ASD [10]. As the importance of early intervention 
is being increasingly studied and gaining more attention, this short-
age of professionals should be improved as soon as possible 
[26,27]. 

A typical limitation of research using information from the NHIS 
is diagnostic accuracy. Furthermore, since the prevalence of ASD is 
estimated on the basis of patients’ hospital visits, it may be affected 
by factors like ability to access clinics, patients’ socio-economic sta-
tus, disease perceptions, or behavioral changes according to external 
considerations such as the COVID-19 pandemic. In other words, 
some patients may not seek medical care even if ASD has developed 
or if ASD symptoms persist. For this reason, all analyses using the 
NHIS data should be interpreted carefully. In fact, a previous study 
reported a higher prevalence rate than our findings (2.64% of the 
total population in 7 to 12 years old between 2005 and 2009, 
n =55,266) [28]. This would appear to be a large difference from 
the prevalence rate among 6 to 12 years old in 2011 in our study 
(0.06%). This discrepancy seems to be due to the cumulative im-
pact of the limitations of this study using the NHIS database, which 
only includes information from hospital visits, and differences in re-
search methods, as the other study used a questionnaire among a 
relatively small population. National epidemiological studies using 
other research methods, such as clinical observation or parent inter-
views, are necessary to reach a more conclusive estimate of the ASD 
prevalence in the Korean pediatric population. Since this study col-
lected patient information based on diagnostic codes, the accuracy 
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of these codes is important, and in Korea, the Korea Standard Dis-
ease Classification (KCD), which is being revised by applying the 
World Health Organization's ICD code changes, is used and revised 
periodically. The ASD-related KCD diagnostic codes did not 
change during our study period. Thus, our methods obtained con-
sistent and comparative data. Additional well-constructed cohort 
studies to validate these trends and to discover factors affecting the 
epidemiology of ASD are necessary. 

Clearly, national epidemiological studies using a different ap-
proach are necessary to determine the trends in ASD prevalence in 
Korean children. During the COVID-19 pandemic, hospital visits 
generally decreased significantly (Organization for Economic 
Co-operation and Development statistics on doctor consulta-
tions). Nevertheless, the prevalence of ASD in 2020 to 2021 mark-
edly increased. As an explanation for the increased prevalence of 
ASD during the COVID-19 pandemic, we suggest that measures 
like mask-wearing during the COVID-19 pandemic might have in-
terfered with children’s development, especially language develop-
ment, in which children learn by looking at their caregivers’ 
mouths and facial expressions [29,30]. Due to self-isolation and 
social distancing to prevent the spread of infection, professional 
education hours have decreased in daycare centers, and children 
with ASD symptoms have experienced an aggravation of psychiat-
ric and behavioral problems [31,32]. Another possibility for the 
increased prevalence of ASD may be that medical visits for ASD 
have increased because families have spent more time at home 
during the COVID-19 pandemic, making parents more likely to 
perceive abnormal behavior. 

In conclusion, we first estimated the prevalence of ASD by year 
based on the Korean NHIS database and observed temporal 
trends over the past 10 years, including the COVID-19 pandemic. 
The overall prevalence of ASD in Korean children aged 2 to 18 
years increased from 2011 to 2021, especially in 2 to 5 years old 
during the COVID-19 pandemic. In contrast, the prevalence of 
ASD in adolescents (13 to 18 years old) tended to increase slightly 
during the same period. Our results suggest that strategies need to 
be modified for timelier and more effective prevention and care of 
ASD in Korean children.  

Conflicts of interest

No potential conflict of interest relevant to this article was report-
ed. 

ORCID 

Hyeji Eom, https://orcid.org/0000-0002-5785-028X

Jeonghyeon Yi, https://orcid.org/0000-0003-0420-2032
Ji Young Lee, https://orcid.org/0000-0002-2260-9939 

Author contribution 

Conceptualization: JY and JYL. Data curation: HE. Formal analy-
sis: HE. Methodology: MK. Writing-original draft: HE. Writ-
ing-review & editing: MK, JKY, EB, JY, and JYL. 

References 

1. Zeidan J, Fombonne E, Scorah J, Ibrahim A, Durkin MS, Saxena 
S, et al. Global prevalence of autism: a systematic review update. 
Autism Res 2022;15:778-90. 

2. Hadders-Algra M. Emerging signs of autism spectrum disorder 
in infancy: putative neural substrate. Dev Med Child Neurol 
2022;64:1344-50. 

3. Lord C, Elsabbagh M, Baird G, Veenstra-Vanderweele J. Autism 
spectrum disorder. Lancet 2018;392:508-20. 

4. Lee CL, Chuang CK, Tu RY, Chiu HC, Lo YT, Chang YH, et al. 
Increased diagnostic yield of array comparative genomic hy-
bridization for autism spectrum disorder in one institution in 
Taiwan. Medicina (Kaunas) 2021;58:15. 

5. Veselinovic A, Petrovic S, Zikic V, Subotic M, Jakovljevic V, Jer-
emic N, et al. Neuroinflammation in autism and supplementa-
tion based on Omega-3 polyunsaturated fatty acids: a narrative 
review. Medicina (Kaunas) 2021;57:893. 

6. Hong M, Lee SM, Park S, Yoon SJ, Kim YE, Oh IH. Prevalence 
and economic burden of autism spectrum disorder in South 
Korea using National Health Insurance data from 2008 to 2015. 
J Autism Dev Disord 2020;50:333-9. 

7. Lavelle TA, Weinstein MC, Newhouse JP, Munir K, Kuhlthau 
KA, Prosser LA. Economic burden of childhood autism spec-
trum disorders. Pediatrics 2014;133:e520-9. 

8. Lee JY, Kim J, Ahn K. Time trends in the prevalence of atopic 
dermatitis in Korean children according to age. Allergy Asthma 
Immunol Res 2022;14:123-30. 

9. Fombonne E. Editorial: The rising prevalence of autism. J Child 
Psychol Psychiatry 2018;59:717-20. 

10. Lee JY, Moon DS, Shin SH, Yoo HJ, Byun HJ, Suh DS. A survey 
on the status of hospital-based early intensive intervention for 
autism spectrum disorder in South Korea. J Korean Acad Child 
Adolesc Psychiatry 2017;28:213-9. 

11. Kim KN, Yoo SM, Kang S, Kim HJ, Yun J, Lee JY. Mortality of 
children with autism spectrum disorder using data from a large-
scale Korean national cohort. Yonsei Med J 2021;62:943-7. 

12. Salari N, Rasoulpoor S, Rasoulpoor S, Shohaimi S, Jafarpour S, 

Ann Child Neurol 2023;31(1):32-38

37https://doi.org/10.26815/acn.2022.00360

https://doi.org/10.1002/aur.2696
https://doi.org/10.1002/aur.2696
https://doi.org/10.1002/aur.2696
https://doi.org/10.1111/dmcn.15333
https://doi.org/10.1111/dmcn.15333
https://doi.org/10.1111/dmcn.15333
https://doi.org/10.1016/s0140-6736(18)31129-2
https://doi.org/10.1016/s0140-6736(18)31129-2
https://doi.org/10.3390/medicina58010015
https://doi.org/10.3390/medicina58010015
https://doi.org/10.3390/medicina58010015
https://doi.org/10.3390/medicina58010015
https://doi.org/10.3390/medicina57090893
https://doi.org/10.3390/medicina57090893
https://doi.org/10.3390/medicina57090893
https://doi.org/10.3390/medicina57090893
https://doi.org/10.1007/s10803-019-04255-y
https://doi.org/10.1007/s10803-019-04255-y
https://doi.org/10.1007/s10803-019-04255-y
https://doi.org/10.1007/s10803-019-04255-y
https://doi.org/10.1542/peds.2013-0763
https://doi.org/10.1542/peds.2013-0763
https://doi.org/10.1542/peds.2013-0763
https://doi.org/10.4168/aair.2022.14.1.123
https://doi.org/10.4168/aair.2022.14.1.123
https://doi.org/10.4168/aair.2022.14.1.123
https://doi.org/10.1111/jcpp.12941
https://doi.org/10.1111/jcpp.12941
https://doi.org/10.5765/jkacap.2017.28.4.213
https://doi.org/10.5765/jkacap.2017.28.4.213
https://doi.org/10.5765/jkacap.2017.28.4.213
https://doi.org/10.5765/jkacap.2017.28.4.213
https://doi.org/10.3349/ymj.2021.62.10.943
https://doi.org/10.3349/ymj.2021.62.10.943
https://doi.org/10.3349/ymj.2021.62.10.943
https://doi.org/10.1186/s13052-022-01310-w


Abdoli N, et al. The global prevalence of autism spectrum disor-
der: a comprehensive systematic review and meta-analysis. Ital J 
Pediatr 2022;48:112. 

13. Public Health Agency of Canada. Autism spectrum disorder: 
Highlights from the 2019 Canadian health survey on children 
and youth [Internet]. Ottawa: Public Health Agency of Canada; 
2022 [cited 2022 Dec 8]. Available from: https://www.canada.
ca/en/public-health/services/publications/diseases-condi-
tions/autism-spectrum-disorder-canadian-health-survey-chil-
dren-youth-2019.html. 

14. Maenner MJ, Shaw KA, Bakian AV, Bilder DA, Durkin MS, Es-
ler A, et al. Prevalence and characteristics of autism spectrum 
disorder among children aged 8 years: Autism and Develop-
mental Disabilities Monitoring Network, 11 sites, United States, 
2018. MMWR Surveill Summ 2021;70:1-16. 

15. Randall M, Sciberras E, Brignell A, Ihsen E, Efron D, Dissanay-
ake C, et al. Autism spectrum disorder: presentation and preva-
lence in a nationally representative Australian sample. Aust N Z 
J Psychiatry 2016;50:243-53. 

16. van Bakel MM, Delobel-Ayoub M, Cans C, Assouline B, Jouk 
PS, Raynaud JP, et al. Low but increasing prevalence of autism 
spectrum disorders in a French area from register-based data. J 
Autism Dev Disord 2015;45:3255-61. 

17. Saito M, Hirota T, Sakamoto Y, Adachi M, Takahashi M, Osa-
to-Kaneda A, et al. Prev-alence and cumulative incidence of au-
tism spectrum disorders and the patterns of co-occurring neu-
rodevelopmental disorders in a total population sample of 
5-year-old children. Mol Autism 2020;11:35. 

18. Zhou H, Xu X, Yan W, Zou X, Wu L, Luo X, et al. Prevalence of 
autism spectrum disorder in China: a nationwide multi-center 
population-based study among children aged 6 to 12 years. 
Neurosci Bull 2020;36:961-71. 

19. Bai D, Yip BH, Windham GC, Sourander A, Francis R, Yoffe R, 
et al. Association of genetic and environmental factors with au-
tism in a 5-country cohort. JAMA Psychiatry 2019;76:1035-43. 

20. Raz R, Weisskopf MG, Davidovitch M, Pinto O, Levine H. Dif-
ferences in autism spectrum disorders incidence by sub-popula-
tions in Israel 1992-2009: a total population study. J Autism 
Dev Disord 2015;45:1062-9. 

21. Kim K. Parental perceptions and responses on stigmatization of 
their offsprings in parents of children with autistic disorder. J 

Spec Educ Theory Pract 2014;15:161-89.  
22. Cho S, Bae S, Lee M. The best option for our children with de-

velopmental delay. Seoul: The Korea Childcare Promotion In-
stitute; 2020. 

23. Ministry of Education. The statistics of special education. Se-
jong: Ministry of Education; 2021. 

24. Kim YP. Exploring the development of special education in Ko-
rea through comparative educational approach to the special 
education system in Japan. Asia Pac J Multimed Serv Converg 
Art Humanit Sociol 2018;8:749-58. 

25. Kim KM, Choi IC, Lee SB, Lee KK, Paik KC, Lee JY, et al. Use 
of various treatment modalities for autism spectrum disorder 
and mental retardation. J Korean Acad Child Adolesc Psychia-
try 2014;25:73-81. 

26. Tonge BJ, Bull K, Brereton A, Wilson R. A review of evi-
dence-based early intervention for behavioural problems in 
children with autism spectrum disorder: the core components 
of effective programs, child-focused interventions and compre-
hensive treatment models. Curr Opin Psychiatry 2014;27:158-
65. 

27. Franz L, Goodwin CD, Rieder A, Matheis M, Damiano DL. 
Early intervention for very young children with or at high likeli-
hood for autism spectrum disorder: an overview of reviews. 
Dev Med Child Neurol 2022;64:1063-76. 

28. Kim YS, Leventhal BL, Koh YJ, Fombonne E, Laska E, Lim EC, 
et al. Prevalence of autism spectrum disorders in a total popula-
tion sample. Am J Psychiatry 2011;168:904-12. 

29. Charney SA, Camarata SM, Chern A. Potential impact of the 
COVID-19 pandemic on communication and language skills in 
children. Otolaryngol Head Neck Surg 2021;165:1-2. 

30. Frota S, Pejovic J, Cruz M, Severino C, Vigario M. Early word 
segmentation behind the mask. Front Psychol 2022;13:879123. 

31. Dahiya AV, DeLucia E, McDonnell CG, Scarpa A. A systematic 
review of technological approaches for autism spectrum disor-
der assessment in children: implications for the COVID-19 
pandemic. Res Dev Disabil 2021;109:103852. 

32. Furar E, Wang F, Durocher JS, Ahn YA, Memis I, Cavalcante L, 
et al. The impact of COVID-19 on individuals with ASD in the 
US: parent perspectives on social and support concerns. PLoS 
One 2022;17:e0270845. 

https://doi.org/10.26815/acn.2022.0036038

Eom H et al. • Recent Prevalence of Pediatric Autism Spectrum Disorder in Korea

https://doi.org/10.1186/s13052-022-01310-w
https://doi.org/10.1186/s13052-022-01310-w
https://doi.org/10.1186/s13052-022-01310-w
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/autism-spectrum-disorder-canadian-health-survey-children-youth-2019.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/autism-spectrum-disorder-canadian-health-survey-children-youth-2019.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/autism-spectrum-disorder-canadian-health-survey-children-youth-2019.html
https://www.canada.ca/en/public-health/services/publications/diseases-conditions/autism-spectrum-disorder-canadian-health-survey-children-youth-2019.html
https://doi.org/10.1177/0004867415595287
https://doi.org/10.1177/0004867415595287
https://doi.org/10.1177/0004867415595287
https://doi.org/10.1177/0004867415595287
https://doi.org/10.1007/s10803-015-2486-6
https://doi.org/10.1007/s10803-015-2486-6
https://doi.org/10.1007/s10803-015-2486-6
https://doi.org/10.1007/s10803-015-2486-6
https://doi.org/10.1186/s13229-020-00342-5
https://doi.org/10.1186/s13229-020-00342-5
https://doi.org/10.1186/s13229-020-00342-5
https://doi.org/10.1186/s13229-020-00342-5
https://doi.org/10.1007/s12264-020-00530-6
https://doi.org/10.1007/s12264-020-00530-6
https://doi.org/10.1007/s12264-020-00530-6
https://doi.org/10.1007/s12264-020-00530-6
https://doi.org/10.1001/jamapsychiatry.2019.1411
https://doi.org/10.1001/jamapsychiatry.2019.1411
https://doi.org/10.1001/jamapsychiatry.2019.1411
https://doi.org/10.1007/s10803-014-2262-z
https://doi.org/10.1007/s10803-014-2262-z
https://doi.org/10.1007/s10803-014-2262-z
https://doi.org/10.1007/s10803-014-2262-z
https://doi.org/10.5765/jkacap.2014.25.2.73
https://doi.org/10.5765/jkacap.2014.25.2.73
https://doi.org/10.5765/jkacap.2014.25.2.73
https://doi.org/10.5765/jkacap.2014.25.2.73
https://doi.org/10.1097/yco.0000000000000043
https://doi.org/10.1097/yco.0000000000000043
https://doi.org/10.1097/yco.0000000000000043
https://doi.org/10.1097/yco.0000000000000043
https://doi.org/10.1111/dmcn.15258
https://doi.org/10.1111/dmcn.15258
https://doi.org/10.1111/dmcn.15258
https://doi.org/10.1111/dmcn.15258
https://doi.org/10.1176/appi.ajp.2011.10101532
https://doi.org/10.1176/appi.ajp.2011.10101532
https://doi.org/10.1176/appi.ajp.2011.10101532
https://doi.org/10.1177/0194599820978247
https://doi.org/10.1177/0194599820978247
https://doi.org/10.1177/0194599820978247
https://doi.org/10.3389/fpsyg.2022.879123
https://doi.org/10.3389/fpsyg.2022.879123
https://doi.org/10.1016/j.ridd.2021.103852
https://doi.org/10.1016/j.ridd.2021.103852
https://doi.org/10.1016/j.ridd.2021.103852
https://doi.org/10.1016/j.ridd.2021.103852
https://doi.org/10.1371/journal.pone.0270845
https://doi.org/10.1371/journal.pone.0270845
https://doi.org/10.1371/journal.pone.0270845
https://doi.org/10.1371/journal.pone.0270845


pISSN 2635-909X • eISSN 2635-9103
Ann Child Neurol 2023;31(1):39-51

https://doi.org/10.26815/acn.2022.00367

Received: October 12, 2022 
Revised: November 16, 2022 
Accepted: November 24, 2022 

Corresponding author:
Si Qi Tan, MD 
Department of Emergency 
Medicine, KK Women’s and 
Children’s Hospital, 100 Bukit 
Timah Rd, 229899 Singapore 
Tel: +65-9126-4282
E- mail: siqi.tan@mohh.com.sg 

Early Recognition of Pediatric Strokes in the Emergency 
Department: Epidemiology, Clinical Presentation, and 
Factors Impeding Stroke Diagnosis in Children 
Si Qi Tan, MD1, Wen Qi Cher, MBBS1, Shu-Ling Chong, MRCPCH1,2, Angelina Su Yin Ang, MRCPCH1,2, 
Sashikumar Ganapathy, MRCPCH1,2, Derrick Wei Shih Chan, MRCPCH2,3, Ronald Ming Ren Tan, MRCPCH1,2  
1Department of Emergency Medicine, KK Women’s and Children’s Hospital, Singapore 
2Duke-NUS Medical School, Singapore 
3Pediatric Neurology, Department of Pediatric Medicine, KK Women’s and Children’s Hospital, Singapore 

Original Article

Purpose: Strokes are challenging to diagnose in pediatric emergency departments (EDs) as level 
of suspicion is low and atypical presentations are common. We analyzed clinical features, epide-
miology and factors of delayed identification in arterial ischemic strokes (AIS) and hemorrhagic 
strokes (HS). 
Methods: Single-center retrospective cohort study of children aged between 29 days and 18 
years old diagnosed with stroke between July 2016 to June 2021. 
Results: Among 36 children, 11 (30.5%) had AIS, 25 (69.4%) had HS. Median age for AIS was 9 
years (interquartile range [IQR], 2 to 9) and HS 9 years (IQR, 1 to 11.5) (P=0.715). Focal neurolog-
ical deficit was seen in 72.7% of AIS and 20% of HS (P=0.006). Only 18.2% of AIS and 52.0% of 
HS presented within 6 hours of symptoms. Median time from symptom onset to ED presentation 
was 24 hours (IQR, 12 to 28) for AIS and 7 hours (IQR, 1.8 to 48) for HS (P=0.595). Most (85.6%) 
arrived by own transport. Median time from presentation to neuroimaging was 7 hours (IQR, 0.9 
to 7) for AIS and 4.8 (IQR, 1.3 to 16.8) hours for HS (P=0.376). Eleven patients, 9/25 (36.0%) HS 
and 2/11 (18.2%) AIS, did not have stroke as differential diagnosis at ED (P=0.714). Common ini-
tial diagnoses were viral illness or headaches. On univariate analysis, age <1 (odds ratio [OR], 
17.5; 95% confidence interval [CI], 1.2 to 250.4; P=0.035) and absence of focal neurological 
deficit (OR, 13.091; 95% CI, 1.5 to 117.9; P=0.022) were significant factors for delayed identifi-
cation. 
Conclusion: Index of suspicion for pediatric strokes among caregivers and clinicians should be in-
creased. Public awareness campaigns are recommended. 
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Introduction 

Stroke is one of the top 10 causes of death in the pediatric popula-
tion [1,2]. Its incidence is quoted as 2 to 13 per 100,000 persons 
per year [1]. Up to two-thirds of patients can suffer persistent neu-
rological deficits [3,4] and 20% may have post-stroke epilepsy and 
psychological distress [5]. This imposes a significant burden on 
healthcare systems, with reduced quality of life and independence 
[5]. 

As with adults, strokes can be ischemic or hemorrhagic, though 
a larger proportion are hemorrhagic strokes (HS) in children. 
Common etiologies for adults are atherosclerosis or hypertension. 
In contrast, pediatric stroke etiologies are wider, ranging from arte-
riopathy, cardiac, prothrombotic disease and other systemic condi-
tions in arterial ischemic strokes (AIS) [6], to arteriovenous mal-
formations, hematologic disorders, and brain tumors in HS [7,8]. 

Recognizing acute strokes in children requires a high index of 
suspicion. Presentation of pediatric stroke is protean and differen-
tial diagnoses for stroke-like symptoms in children is broad. Young-
er children tend to present with non-specific symptoms such as 
seizures or altered mental state, and older children with focal neu-
rological deficits [9]. 

Perhaps the greatest obstacle to optimal treatment is lack of 
awareness and delayed recognition. Median time from symptom 
onset to diagnosis of AIS ranges from 22.7 to 24.8 hours in multi-
ple studies [10,11]. Delayed recognition occurs both with caregiv-
ers and physicians. Parents often do not recognize symptoms of 
pediatric stroke, resulting in delayed emergency department (ED) 
presentation. For physicians, it was shown in Rafay et al’s [12] ret-
rospective study of 209 children with AIS that stroke diagnosis was 
suspected on initial assessment in only 79 (38%) children. 

Pediatric stroke is a medical emergency and should be treated 
rapidly to maximize favourable outcomes [13]. Although there is 
paucity of data regarding morbidity and mortality because of de-
lays in treating strokes in children, we know that this delay has ram-
ifications on research into hyperacute stroke therapies such as 
thrombolysis or endovascular thrombectomy [14]. The Throm-
bolysis in Pediatric Stroke (TIPS) trial had to close early as most 
strokes were not identified within the therapeutic window, and 
there were greater risks than benefits of treatment [15]. The TIPS 
trial identified lack of stroke awareness and readiness as a problem, 
and was a catalyst for implementation of acute pediatric stroke pro-
tocols such as clinical pathways, order sets and round-the-clock 
magnetic resonance imaging (MRI) capability in various centers 
[9]. With these implemented, time to stroke diagnosis on MRI af-
ter arrival at ED was decreased from 17 to 4 hours [16]. However, 
majority of delays still occur prior to hospital presentation, making 

increased public awareness essential. 
In this study, we aimed to evaluate epidemiology, risk factors, 

clinical presentations, and outcomes of pediatric strokes in a tertia-
ry children’s hospital in Singapore. We also aimed to identify fac-
tors that confounded the diagnosis of stroke at initial ED presenta-
tion. 

Materials and Methods 

We performed a retrospective analysis of all patients between 29 
days to 18 years old who presented to the pediatric ED of KK 
Women’s and Children’s Hospital, Singapore, between July 2016 to 
June 2021, and were subsequently confirmed to have stroke on 
neuroimaging. AIS is defined as presence of neurological deficit 
consistent with ischemia in an arterial distribution, or acute 
non-localizing encephalopathy (including symptomatic new-onset 
seizures), with confirmation of infarction on imaging or autopsy, 
occurring in a person between 29 days through 18 years of life 
[17]. HS is defined as atraumatic abrupt onset of severe headache, 
altered level of consciousness and/or focal neurologic deficit asso-
ciated with bleeding into the brain by a ruptured blood vessel. This 
results in focal collection of blood within the brain on imaging not 
due to trauma or hemorrhagic conversion of cerebral infarction. 
HS includes intracerebral hemorrhage (ICH), intraventricular 
hemorrhage, or subarachnoid hemorrhage [7,18]. 

Patients were identified from SingHealth-IHiS Electronic Health 
Intelligence System (eHints) database using International Classifi-
cation of Diseases 10th Revision (ICD-10) diagnosis codes related 
to AIS or HS (ICD-10 codes: arteriovenous malformation of cere-
bral vessels [Q28.2], cerebral infarction [I63], ICH [I61], intracra-
nial hemorrhagic [nontraumatic; I62], subarachnoid hemorrhage 
[I60], stroke [not specified hemorrhage or infarction; I64], subdu-
ral hemorrhage [I62.0], other cerebrovascular diseases [I67]) [1]. 
To identify children who demised in ED before admission, a sec-
ond search was performed for Systemized Nomenclature of Medi-
cine (SNOMED) ED diagnoses of AIS or HS. 

Exclusion criteria were traumatic brain injuries, transient isch-
emic attacks, perinatal strokes, metabolic infarction in a nonvascu-
lar territory (such as Mitochondrial Encephalopathy, Lactic Acido-
sis and Stroke-like episodes [MELAS]), hypotensive watershed in-
jury, periventricular leukomalacia, cerebral venous sinus thrombo-
sis or reversible hypertensive leukoencephalopathy [9]. 

Demographics of age, sex, ethnicity, baseline function, date and 
time of presentation, mode of transportation to ED, triage vitals, 
triage categories, Glasgow Coma Scale (GCS), symptoms, neuro-
logical examination, medications, procedures, investigations, dis-
position, ED diagnosis, and inpatient diagnosis were extracted 
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from electronic medical records using SingHealth-IHiS eHints da-
tabase. Past medical history, history of anticoagulation use, family 
history, inpatient progress, timing/type of neuroimaging, involve-
ment of subspecialities, stroke work up, medical/surgical interven-
tion, length of hospital stay, outcomes, and follow-ups were extract-
ed from electronic medical records. If exact timing was not avail-
able, duration from symptom onset to ED presentation were esti-
mated based on documentation in clinical notes rounded up to 
nearest hour. Patients were classified whether stroke was recog-
nized as a diagnosis or differential diagnosis, versus not written as a 
possible differential. 

All data were exported into a password-protected Microsoft Ex-
cel (Microsoft Corporation, Redmond, WA, USA) file and ano-
nymized by removing patient identifiers. Statistical analyses were 
performed using IBM SPSS Statistics version 28.0 (IBM Corp, Ar-
monk, NY, USA). Descriptive statistics were used for baseline 
characteristics and clinical presentations. Categorical variables 
were presented in frequencies and percentages. Continuous vari-
ables were described using mean (with standard deviation), or me-
dian (with interquartile range [IQR]), depending on normality. 
Categorical variables were analyzed using Fisher’s exact test and 
continuous variables using Student’s t-test or Wilcoxon rank sum, 
depending on normality. Univariate regression analyses were per-
formed to identify factors associated with diagnosis after admis-
sion. Variables with P < 0.1 in univariate analysis were included in a 
multivariate logistic regression model to identify independent pre-
dictors. Statistical significance was taken at P < 0.05. All point esti-
mates were presented with corresponding 95% confidence inter-
vals (CIs). 

This study and waiver of informed consent were approved by 
SingHealth Centralised Institutional Review Board (Reference 
2021/2721). 

Results 

1. Demographics 
Thirty-six children were identified, 11 with (30.5%) AIS and 25 
with (69.4%) HS (Table 1). Majority were male (25/36, 69.4%). 
Median age was 9 years for both AIS (IQR, 2 to 9) and HS (IQR, 
1 to 11.5) (P = 0.715). Number of infants < 1 year old amongst 
HS cohort was five (20.0%) and one (9.1%) in AIS cohort 
(P = 0.705). 

2. Clinical presentation 
Patients with AIS were more likely to have detectable focal neuro-
logical deficits at presentation (8/11 [72.7%] vs. 5/25 [20.0%] for 
HS, P = 0.006). Hemiparesis was four times higher in AIS (63.6%) 

compared to HS (16.0%) (P = 0.008) and facial paresis was seen in 
5/11 (45.5%) of AIS compared to 5/25 (20.0%) in HS 
(P = 0.224). Patients with AIS presented less frequently with 
non-specific signs and symptoms such as headache, vomiting and 
lethargy, compared to HS (Table 1). Fewer AIS patients were ad-
mitted to the intensive care unit (1/11 [9.1%] vs. 11/25 [44.0%] 
HS, P = 0.005). No AIS patients required intubation, while 5/25 
(20.0%) of HS patients were intubated in ED (four for GCS < 8, 
one for respiratory distress) (P = 0.295). No patients demised in 
ED. One HS patient demised as an inpatient. 

3. Time to presentation 
Median time from symptom onset to ED presentation was 24.0 
hours (IQR, 12 to 28) for AIS and 7.0 hours (IQR, 1.8 to 48) for 
HS (P = 0.595). Only 2/11 (18.2%) of AIS and 12/25 (48.0%) of 
HS patients presented within 6 hours (P = 0.142). Majority of pa-
tients were conveyed to hospital via own transport rather than am-
bulance: 9/11 (81.8%) AIS and 20/25 (80.0%) HS (P = 1.000). 

Median time from ED presentation to neuroimaging diagnosis 
was 5.8hours (IQR, 1.2 to 14.2) overall, 7.0 hours (IQR, 0.9 to 7) 
for AIS and 4.8 hours (IQR, 1.3 to 16.8) for HS (P = 0.376). 

Median time from ED presentation to neuroimaging diagnosis 
was 8.0 hours (IQR, 1.3 to 8) for patients with known cardiac dis-
ease (n = 3; P = 0.857), 7.5 hours (IQR, 6.0 to 7.5) for patients 
with previous history of stroke (n = 3; P = 0.735), 6.0 hours (IQR, 
1.5 to 6.0) for known brain tumors (n = 2; P = 0.735), and 18.5 
hours (IQR, 13.5 to 36.2) for patients with known hematological 
disorders (n = 6; P = 0.546). 

Four AIS patients (36.4%) were identified on computed tomog-
raphy (CT) brain and seven AIS patients (63.6%) were identified 
on MRI brain. Two of four AIS patients had negative CT brain 
findings at ED for stroke but were subsequently diagnosed with 
stroke on MRI brain (Table 1). One patient developed acute wors-
ening neurological symptoms inpatient and MRI brain was per-
formed 7 hours after the initial CT brain. The other patient’s provi-
sional CT brain report was normal but given high clinical suspi-
cion, MRI brain was arranged 3 hours after initial CT. Conversely, 
majority of HS were identified on CT brain 20/25 (80.0%) 
(P = 0.0009). Of the remaining HS patients, 3/25 (12.0%) were 
diagnosed by ultrasound cranium (of which one was performed as 
point-of-care in ED) and 2/25 (8.0%) on MRI brain, which were 
ordered by inpatient team as they were not admitted with provi-
sional diagnoses of HS. These two cases did not have prior CT 
brains. One of them had MRI brain done due to persistent head-
ache while the other patient had worsening lethargy and intermit-
tent drowsiness. 

Ann Child Neurol 2023;31(1):39-51

41https://doi.org/10.26815/acn.2022.00367



Table 1. Baseline characteristics of the pediatric stroke patients (n=36)

Characteristic AIS (n=11) HS (n=25) P valuea

Demographics
 Male sex 6 (54.5) 19 (76) 0.252
 Median age (yr) 9 (2–9) 9 (1–11.5) 0.715
 Distribution of age (yr) 0.705
  <1 1 (9.1) 5 (20.0)
  1–5 2 (18.3) 5 (20.0)
  6–12 4 (36.4) 10 (40.0)
  13–18 4 (36.4) 5 (20.0)
 Race 0.625
  Chinese 4 (36.4) 11 (44.0)
  Malay 3 (27.3) 6 (24.0)
  Indian 3 (27.3) 3 (12.0)
  Others 1 (9.1) 5 (20.0)
 Baseline function
  Verbal 9 (81.8) 15 (60.0) 0.268
  Ambulatory 8 (72.7) 15 (60.0) 0.708
 History of previous stroke 1 (9.1) 2 (8.0) 1.000
Clinical presentation
 Focal neurological deficits (at least one) 8 (72.7) 5 (20.0) 0.006
  Hemiparesis 7 (63.6) 4 (16.0) 0.008
  Facial paresis 5 (45.5) 5 (20.0) 0.224
  Speech difficulties 1 (9.1) 0 0.306
  Visual disturbance 2 (18.2) 0 0.087
  Sensory deficit 1 (9.1) 0 0.306
  Cerebellar signs 1 (9.1) 0 0.306
 Diffuse signs and symptoms
  Decreased GCS ≤14 1 (9.1) 9 (36.0) 0.127
  Headache 4 (36.4) 13 (52.0) 0.481
  Giddiness 2 (18.2) 2 (8.0) 0.570
  Vomiting 4 (36.4) 14 (56.0) 0.471
  Focal seizure 2 (18.2) 2 (8.0) 0.552
  Generalized seizure 0 1 (4.0) 1.000
  Lethargy 1 (9.1) 9 (36.0) 0.127
  Apnea/cyanosis 0 1 (4.0) 1.000
  Poor feeding 0 4 (16.0) 0.290
Time to presentation
 Mode of transport to the ED 1.000
  Conveyed by own transport 9 (81.8) 20 (80.0)
  Conveyed by ambulance 2 (18.2) 5 (20.0)
 Time from symptom onset to the ED presentation (approximate) (hr) 24 (12–28) 7.0 (1.8–48) 0.595
 Cases with early presentation (≤6 hours) 2 (18.2) 12 (48.0) 0.142
 Time from symptom onset to diagnosis on neuroimaging (hr) 27.6 (12.9–55.5) 8.7 (3.8–69.9) 0.422
 Time from ED presentation to diagnosis on neuroimaging (hr) 7 (0.9–7) 4.8 (1.3–16.8) 0.376
 Modality of diagnosis 0.0009
  Cranial ultrasound 0 3 (12.0)b

  Brain CT 4 (36.4) 20 (80.0)
  Brain MRI 7 (63.6) 2 (8.0)c

  Brain CT done at ED 4 (36.4) 12 (48.0) 0.718

(Continued to the next page)
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Characteristic AIS (n=11) HS (n=25) P valuea

  Positive brain CT at ED 2 (18.1) 12 (48.0) 0.015
Outcomes from ED
 Intubation in ED 0 5 (20.0) 0.295
 Diagnosis after admission 2 (18.2) 9 (36.0) 0.714
 In-hospital mortality 0 1 (4.0) 1.000
 Disposition from ED 0.005
  General ward 4 (36.4) 12 (48.0)
  High dependency 6 (54.5) 2 (8.0)
  Intensive care unit 1 (9.1) 11 (44.0)
 Median length of stay (day) 12 (6–18) 15 (6.5–19.5) 0.371
 Median duration of follow-up (yr) 2.5 (0.8–3.3) 1 (1–3.5) 0.625
Neuroimaging findings and treatment
 Stroke localization 0.079
  Cortical 3 (13.6) 18 (68.0)
  Subcortical 6 (54.5) 4 (16.0)
  Both cortical and subcortical 1 (9.1) 1 (4.0)
  Brainstem 1 (9.1) 3 (12.0)
  Anterior 5 (45.5) 12 (48.0) 0.104
  Posterior 3 (27.3) 12 (48.0)
  Both anterior and posterior 3 (27.3) 1 (4.0)
  Unilateral 8 (72.7) 20 (80.0) 0.678
  Bilateral 3 (27.3) 5 (20.0)
  Number of lesions 0.273
   Single 5 (45.5) 17 (68.0)
   Multiple 6 (54.5) 8 (32.0)
 Location of infarct in AIS
  Middle cerebral artery 5 (45.5)
  Anterior cerebral artery 1 (9.1)
  Basal ganglia 5 (45.5)
  Posterior circulation 3 (27.3)
 HS classification
  Subarachnoid 3 (12.0)
  Subdural 9 (36.0)
  Intraparenchymal 12 (48.0)
  Intraventricular 1 (4.0)
 Mode of therapy
  Anti-thrombotic 7 (63.6) 0 0.000
  Anticoagulation 5 (45.5) 0 0.001
  Anti-inflammatory 3 (27.2) 0 0.023
  Blood products 1 (9.1) 6 (24.0) 0.400
  Use of anti-epileptic drugs 3 (27.3) 9 (36.0) 0.715
  Neurosurgical intervention 1 (9.1) 12 (48.0) 0.031

Values are presented as number (%) or median (interquartile range).
AIS, arterial ischemic stroke; HS, hemorrhagic stroke; GCS, Glasgow Coma Scale; ED, emergency department; CT, computed tomography; MRI, magnetic 
resonance imaging.
aP value of <0.05 considered significant; bOf the strokes diagnosed by cranial ultrasound, 1/4 (25%) was done as bedside ultrasound in ED; cOne patient with 
hemorrhagic stroke was diagnosed using MRI instead of CT because the MRI was performed the day after admission in view of a persistent headache.

Table 1. Continued
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4. Stroke localization 
For AIS, majority were subcortical 6/11 (54.5%) and unilateral 
8/11 (72.7%); 5/11 (45.5%) had single infarcts and 6/11 (54.5%) 
had multiple infarcts. For HS, 3/25 (12.0%) had subarachnoid 
hemorrhage, 9/25 (36.0%) had subdural hemorrhage, 12/25 
(48.0%) had intraparenchymal hemorrhages, and 1/25 (4.0%) 
had intraventricular hemorrhage. 

5. Inpatient treatment 
Children with AIS received anti-thrombotic (7/11, 63.6%) and 
anticoagulation (5/11, 45.5%) therapy. Three (3/11, 27.3%) chil-
dren with AIS secondary to central nervous system (CNS) vasculi-
tis received anti-inflammatory medications: two pulsed intrave-
nous methylprednisolone and one oral prednisolone during the 
same admission. Blood transfusion was required for 6/25 (24.0%) 
of HS and 1/11 (9.1%) of AIS patients (P = 0.400). Nearly half of 
HS required acute neurosurgery for shunt or decompression 
(12/25, 48.0%) compared to one for AIS (P = 0.031). 

6. Etiology 
Etiologies of AIS and HS were shown in Table 2. For AIS, 4/11 
(36.4%) were secondary to newly diagnosed arteriopathy or vascu-
litis. Two (18.2%) had underlying cardiac conditions. One (9.1%) 
had a known underlying prothrombotic protein C deficiency with 
an infective trigger. Four (36.4%) had unknown etiologies. For HS, 
majority (13/25, 52.0%) were due to newly diagnosed abnormal 
vascular malformation. Seven (28.0%) were due to coagulopathies 
or hematological disorders, two of which newly diagnosed. Two 
(7.7%) were due to brain tumor; one newly diagnosed. Three 
(12.0%) had unknown etiologies. 

7. Neurological sequelae 
Among 28 patients with at least 1 year follow-up (Table 3), more 
than half had at least one residual neurological deficit: 5/8 (62.5%) 
for AIS and 11/20 (55.0%) for HS. Children with AIS had pre-
dominantly motor deficits (5/8, 62.5%) while HS patients suffered 
limitations including speech difficulties, epilepsy and cognitive and 
behavioral impairment. We analyzed factors of residual neurologi-

Table 2. Etiologies of AIS and HS

Risk factor AIS (n=11) Newly diagnosed with AIS HS (n=25) Newly diagnosed with HS
Arteriopathy 4 (36.4) 4 - -
 Takayasu arteritis 1 (9.1)
 Moyamoya disease 1 (9.1)
 CNS vasculitis 2 (18.2)
Vascular anomalies (including AVM or aneurysms) - - 13 (52.0) 13
Cardiac disorder 2 (18.2) 0 - -
 HOCM with left atrial thrombus 1 (9.1)
 Congenital cyanotic heart disease with right to left shunt 1 (9.1)
Chronic systemic condition
 Glycogen storage disease 1 (9.1) 0 - -
Infection (influenza B) 1 (9.1) 1 2 (8.0) 2
Acute head and neck disorders 0 0 - -
Acute systemic conditions
 Fever >48 hours 1 (9.1) 1 - -
Hematological disorders 7 (28.0) 2
 Protein C deficiency 1 (9.1) 0 - -
 Thrombocytopenia or coagulopathy secondary to sepsis - - 2 (8.0) 2
 Congenital afibrinogenemia - - 1 (4.0) 0
 Hemophilia A - - 3 (12.0) 0
 Hemophilia B - - 1 (4.0) 0
Chronic head and neck disorders 0 0 - -
Brain tumor - - 3 (12.0) 1
Unknown 4 (36.4) 4 3 (12.0) 3

Values are presented as number (%).
AIS, arterial ischemic stroke; HS, hemorrhagic stroke; CNS, central nervous system; AVM, arteriovenous malformation; HOCM, hypertrophic obstructive 
cardiomyopathy.
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cal deficits after 1 year (Table 4). Classification of stroke, age group, 
time of symptom onset to ED presentation and whether patients 
were diagnosed in ED or inpatient, were not significantly associat-
ed with residual neurological deficits. Patients with known hema-
tological disease were more likely to have residual deficits (4/4, 
100%) (P = 0.113). Patients with residual neurological deficits had 
lower time of symptom onset and time of ED presentation to diag-
nosis on neuroimaging. 

8. Factors of stroke not recognized as possible differential 
diagnosis in ED 
Eleven patients did not have stroke recognized as a possible differ-

ential in ED. There were five (45%) children < 6 months old, six 
(55%) children > 9 years old, nine (81.8%) with HS, and two 
(18.2%) with AIS (P = 0.714) (Table 5). We analyzed factors of di-
agnosis after admission in Table 6. Age < 1 year (odds ratio [OR], 
17.5; 95% CI, 1.2 to 250.4; P = 0.035) and absence of focal neuro-
logical deficit (OR, 13.091; 95% CI, 1.5 to 117.9; P = 0.022) were 
significant factors on univariate but not multivariate analysis. Gen-
erally, younger infants presented with symptoms such as poor 
feeding, crying, vomiting, and aspiration symptoms. They were 
mostly initially diagnosed as respiratory tract infections or viral ill-
nesses. Older children presented with symptoms such as headache, 
neck pain or vomiting, and were commonly diagnosed as second-

Table 3. Outcome measures of pediatric stroke patients (n=28a)

Outcome measure Arterial ischemic stroke (n=8) Hemorrhagic stroke (n=20) P value
At least one new neurological deficit 5 (62.5) 11 (55.0) 1.000
Motor sequelae 5 (62.5) 7 (35.0) 0.231
Cognitive impairment 1 (12.5) 4 (20.0) 1.000
Speech difficulties 1 (12.5) 7 (36.8) 0.364
Swallowing difficulties 0 1 (5.3) 1.000
Epilepsy 1 (12.5) 3 (15.0) 1.000
Behavioral disturbances 1 (12.5) 4 (20.0) 1.000

Values are presented as number (%).
aPatients with at least 1 year of follow-up, based on the latest relevant follow-up appointment, were included.

Table 4. Factors associated with stroke outcomes after 1 year of follow-up (n=28a)

Variable No new neurological deficit (n=12) At least one new neurological deficit (n=16) P value
Classification of stroke 1.000
 Acute ischemic stroke 3 (25.0) 5 (31.2)
 Hemorrhagic stroke 9 (75.0) 11 (68.8)
Age group of patients (yr) 0.723
 <1 2 (16.7) 2 (12.5)
 1–5 2 (16.7) 5 (31.3)
 6–12 5 (41.7) 7 (43.8)
 13–18 3 (25.0) 2 (12.5)
Known medical conditions
 Cardiac disease (n=1) 1 (8.3) 0 0.429
 Hematological disease (n=4) 0 4 (25.0) 0.113
 History of stroke (n=2) 1 (8.3) 1 (6.3) 1.000
 Brain tumor (n=2) 2 (16.7) 0 0.175
Time from onset to ED presentation (hr)
 ≤6 3 (25.0) 8 (50.0) 0.253
 >6 9 (75.0) 8 (50.0)
Time from symptom onset to diagnosis on neuroimaging (hr) 28.4 (14.4–85.4) 8.9 (3.8–54.2) 0.742
Time from ED presentation to diagnosis on neuroimaging (hr) 6.6 (1.4–20.5) 1.6 (0.8–9.0) 1.000
Diagnosis after admission 3 (25.0) 5 (31.3) 1.000

Values are presented as number (%) or median (interquartile range).
aPatients with at least 1 year of follow-up, based on the latest relevant follow-up appointment, were included.
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ary headaches due to viral illnesses or musculoskeletal pain. Most 
did not display neurological deficits except two with slightly re-
duced GCS scores of 14. 

Discussion 

We characterized presentations of pediatric stroke and identified 
key factors which impede diagnosis of stroke in this age range. No-
tably, age < 1 year and absence of focal neurological deficit imped-
ed diagnosis of stroke in ED. Presenting features varied according 
to stroke type; focal features were more common in AIS, as in oth-
er studies [11,19]. Our data showed that 36.1% presented with fo-
cal features and 30.5% with hemiparesis, lower than Mallick et al’s 
[11] study, in which 85% presented with focal features and 72% 
with hemiparesis. Our data also reflected that pediatric strokes are 
often non-specific—common presentations were lethargy (27.8%) 
and altered level of consciousness (27.8%). The previous local 
study in 2009 found lethargy in 42.3% and altered level of con-
sciousness in 38.5% [20]. Children < 6 years old with AIS can also 
present with seizures [21]. Seizures in our study was 5/36 
(13.9%), compared to 57.7%, which was the most common pre-

Table 6. Factors associated with acute ischemic stroke and hemorrhagic stroke being included in the differential diagnosis in the ED (n=36)

Variable
Univariate analysis Multivariate analysis

Odds ratio (95% CI) P value Adjusted odds ratio (95% CI) P value
Age group of patients (yr)
 <1 17.5 (1.223–250.4) 0.035 7.143 (0.678–75.219) 0.102
 1–5 0 (0–0) 0.999
 6–12 1.400 (0.199–9.869) 0.736
 13–18 Ref
History of stroke 5.333 (0.429–66.268) 0.193
Time from onset to ED presentation (hr)
 ≤6 2.095 (0.447–9.814) 0.348
No focal neurological deficit 13.091 (1.454–117.902) 0.022 8.400 (0.879–80.265) 0.065
Diffuse signs and symptoms
 Decreased GCS 0.686 (0.143–3.284) 0.637
 Headache 0.510 (0.117–2.216) 0.369
 Giddiness 0.500 (0.041–6.112) 0.588
 Vomiting 2.576 (0.589–11.262) 0.209
 Seizure 0.400 (0.051–3.145) 0.384
Classification of stroke
 Acute ischemic stroke 0.563 (0.119–2.649) 0.467
 Hemorrhagic stroke Ref
Location of stroke
 Anterior Ref
 Posterior 3.111 (0.616–15.709) 0.170
 Both 3.42E5 (0–6.26E120) 0.925

ED, emergency department; CI, confidence interval; GCS, Glasgow Coma Score.

senting feature in the previous local study [20]. Half of our HS pa-
tients presented with headache and vomiting. In a systematic re-
view, headache was found to be the most frequent complaint in 
46% to 80% of children with nontraumatic ICH [18]. 

Pre-hospital delay from time of symptom onset to ED presenta-
tion is the largest barrier to pediatric stroke care here. It is import-
ant for early stroke interventions. such as neuroprotective measures 
to maintain cerebral perfusion, normoglycemia, or expedient early 
surgical decompression in HS [9]. Our median time of symptom 
onset to ED presentation is 24 hours for AIS and 7 hours for HS, 
suggesting delayed caregiver recognition. Furthermore, less than 
20% were transported via ambulance, suggesting it was not identi-
fied as emergency by most parents. Our data was similar to interna-
tional studies that also cited 22.7 to 24.8 hours as median time of 
symptom onset to diagnosis in AIS [10,11]. Deng et al. [19] addi-
tionally found that symptom onset to ED was significantly pro-
longed: only 3.7% of AIS and 14.4% of HS patients presented 
within 24 hours. More public health awareness in increasing par-
ent/caregiver knowledge about childhood stroke would be useful. 

Pediatric ED physicians play a critical role in early diagnosis. 
Studies of pediatric thrombolytic therapy suggested that risks out-
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weigh benefits [15]. Hence focus should be on early recognition, 
so patients with AIS can receive timely medical treatment, regard-
less of MRI confirmation. Hori et al. [22] found that only 27% of 
AIS were diagnosed within 6 hours after symptom onset, and at-
tributed this delay to absence of clinical suspicion. Around one-
third of our patients did not have stroke as a clear differential diag-
nosis, largely due to non-specific symptoms and absence of focal 
neurological deficits. A higher proportion were HS (36.0% HS vs. 
18.2% AIS) and nearly half were infants. HS patients can have de-
creased GCS, non-specific symptoms of headache, vomiting, and 
even neck pain. Interestingly, two patients (age 10 and 15) with HS 
presented with headache and neck pain. A postulated pathophysi-
ology is that blood tracking down spinal column causes neck pain 
and stiffness from meningeal irritation. 

AIS patients tend to present with focal neurological deficits 
(P = 0.006), which raised suspicion of stroke. Nonetheless, Mackay 
et al. [23] reported in a prospective cohort study of 287 children 
presenting to ED with focal neurological deficits that sensitivity of 
stroke diagnosis was only 62% with a specificity of 98%. Common 
mimics included migraine, seizures, Bell’s palsy, conversion disor-
der and syncope. Acute neurological diagnoses (HS/AIS) should 
be considered as a possible diagnosis in ill-looking children, espe-
cially infants, presenting with non-specific symptoms. 

Median time from ED presentation to neuroimaging diagnosis 
was 5.8 hours (IQR, 1.2 to 14.2) overall, and presence of known 
cardiac disease, stroke, or brain tumor did not lead to earlier diag-
nosis. However, median time from ED presentation to neuroimag-
ing diagnosis was 18.5 hours (IQR, 13.5 to 36.2) for patients with 
known hematological disorders (n = 6), and none had neuroimag-
ing from ED. Neuroimaging was performed due to evolving symp-
toms or persistent non-specific symptoms inpatient. Four of the 
five of patients with hypofibrinogenemia or hemophilia had sub-
dural hemorrhage. We postulate that patients with bleeding disor-
ders may present with slow bleed, compared to patients with rup-
tured arteriovenous malformation that tend to present more acute-
ly. 

Previous literature had cited normal head CT scan as a risk factor 
for delayed diagnosis in AIS [24]. Most ischemic strokes presented 
with at least one neurological deficit with ipsilateral signs (Table 1). 
In such cases, MRI brain is the preferred modality of imaging [24]. 
However, patients present to ED undifferentiated. CT brain is still 
a valuable modality in urgent neuroimaging in our context given 
high proportion of HS, and remains first line for cases with sus-
pected stroke without focal neurological deficits. In Mallick et al.’s 
[11] cohort study of 96 children with stroke, CT is diagnostic in 
95% of HS. Majority of our HS patients were diagnosed via point-
of-care cranial ultrasound (with no radiation risk) and CT, suggest-

ing that HS was astutely suspected by attending physicians. Our 
study showed that the majority of HS present early, hence early 
presentation may be another indicator to perform CT brain. An-
other proposed indication is for known hemophiliacs who were 
ill-appearing patients or vomiting without clear gastroenteritis 
symptoms, in which cranial ultrasound or CT should be consid-
ered early for suspected HS. 

Nevertheless, appropriate treatment should still be commenced. 
In our cohort, two AIS patients had negative CT scans performed 
at ED. CT brain was performed for 2 hours acute onset of left sided 
weakness, and for seizure with right hemiplegia lasting 1 hour. 
They were eventually diagnosed with AIS due to CNS vasculitis 
and cardioembolism respectively. Appropriate treatment of intra-
venous hydration and neuroprotective measures was still started 
regardless of MRI scan timing and findings. After MRI, further 
treatment with enoxaparin for CNS vasculitis and heparin for car-
dioembolism was commenced. Hence, median time of symptom 
onset to ED presentation still remains a larger barrier to care than 
time to neuroimaging.  

Our 5-year retrospective study of 36 patients with AIS and HS 
had similar incidence to another Singapore study of 26 patients be-
tween 1999 and 2006 [20]. Male sex predominance was also re-
ported in International Pediatric Stroke Study (IPSS) [25]. Nor-
mann et al. [26] suggested that boys have higher risk of AIS due to 
elevated circulating androgen levels, associated with 4- to 5-fold in-
creased risk of cerebrovascular disease after adjustment for puber-
tal status, cholesterol, and hematocrit levels. In HS, risk factors such 
as hemophilia also carry X-linked genetic predisposition. 

The most common causes of AIS in our study were arteriopathy 
(36.4%) and unknown (36.4%), followed by cardiac disease 
(18.2%). Arteriopathy and cardiac disease were the top identified 
risk factor categories in IPSS at 53% and 31% respectively [6]. The 
study also found that risk varied by age; arteriopathy was most 
common for age 5 to 9, cardiac disease and infections were more 
common in younger children, and chronic head and neck disor-
ders were more common in older children. Large proportion of 
AIS were idiopathic, ranging 24% to 41% [27,28]. For HS, intra-
cranial vascular malformation (52%) was most common, similar to 
literature (40% to 90%) [18,20,29]. 

In terms of outcomes, both AIS and HS patients can have mor-
bidity and functional impairment. Literature found that prolonged 
delays > 24 hours from ICH symptom onset to presentation was 
associated with poorer functional outcomes [30]. However our 
data shows that age group, time of symptom onset to ED presenta-
tion/diagnosis and whether patients were diagnosed in ED or in-
patient, were not significantly associated with residual neurological 
deficits. Patients with residual neurological deficits had lower time 

Ann Child Neurol 2023;31(1):39-51

49https://doi.org/10.26815/acn.2022.00367



of symptom onset and time of ED presentation to diagnosis on 
neuroimaging, likely because of more extensive strokes at presenta-
tion. We evaluated outcome based on presence of neurological 
deficit, but opted not to analyze severity and whether patients had 
decreased independence of activities of daily living due to large age 
ranges. Hence, we do recognize that presence of neurological defi-
cit does not necessarily infer reduced independence and quality of 
life. 

Our study had several limitations. As a retrospective study, there 
are inherent limitations in information available in medical records. 
Fifteen patients had dates but not exact time documented hence 
duration of symptoms were rounded up to the nearest hour. Simi-
larly, presence of residual neurological deficits were inferred from 
latest follow-up notes. As scoring methods was inconsistent the 
data were not analyzed in this study. We recommend outcome 
measurement for pediatric stroke registries. Functional Indepen-
dence Measure (WeeFIM) and Pediatric Glasgow Outcome Scale 
Extended [31,32], which have both been utilized and published 
for childhood encephalitis at our institution, are potentially pre-
ferred tools for functional outcome assessment. 

The merits of our paper included identification of potential fac-
tors for delayed physician recognition of stroke. Our paper is 
unique to previous studies as we focused on the presentation and 
ED level of care in order to address known challenges of early diag-
nosis. We obtained detailed information on presentation, etiology 
and clinical course of these 36 patients. We analyzed the thought 
process of ED physicians in terms of provisional diagnosis, to iden-
tify additional red flags that should prompt early neuroimaging. 
We identified that age < 1 year and absence of focal neurological 
deficit were potential risk factors for delays in stroke identification 
in the ED on univariable analysis. These values were clinically rele-
vant and would likely have approached statistical significance on 
multivariable analysis (P = 0.065) with larger sample size, thus was 
still valuable in guiding assessment of children with potential 
stroke. Our data supports existing literature that CT is the first line 
for urgent neuroimaging in suspected HS, even without focal neu-
rological deficits. Threshold for neuroimaging should be lower for 
ill-appearing patients with known bleeding disorders. We postulate 
that lack of parental awareness and recognition of symptoms as an 
emergency are potentially the largest barriers to timely pediatric 
stroke care. Singapore is a small island state with efficient transport 
system and well-developed pre-hospital care, hence transportation 
time is not a limitation. Awareness should be focused on delayed 
recognition and pre-hospital delays.  

In conclusion, our first key message is that pre-hospital delay 
from time of symptom onset to ED presentation is the largest bar-
rier to stroke care here, rather than time to neuroimaging. Hence, 

focus should be on early recognition, so patients can receive timely 
medical treatment regardless of MRI confirmation. Secondly, age 
< 1 year and absence of focal neurological deficit impeded diagno-
sis of stroke in ED, hence index of suspicion should be high for 
ill-appearing infants in this age group. Methods to improve early 
recognition include increasing public health awareness for caregiv-
ers, and for ED physicians to be cognizant about diverse etiologies, 
differential diagnoses, and varied presentations of childhood 
stroke. 
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Letter to the editor

Cerebroretinal microangiopathy with calcifica-
tions and cysts-1 (CRMCC1), also known as 
Coats plus syndrome, is an autosomal recessive, 
multisystem disorder characterized by obliterative 
angiopathy of small vessels, primarily in the brain, 
eyes, bone, and gastrointestinal tract. The clinical 
features of this condition include prenatal and 
postnatal growth restriction, bilateral retinal tel-
angiectasias and exudates, intracranial calcifica-
tion, leukoencephalopathy sometimes associated 
with parenchymal cysts, osteopenia with a ten-
dency for fracture, bone marrow suppression, and 
gastrointestinal bleeding with cirrhosis. Less fre-
quently, patients demonstrate sparse, gray hair, 
dystrophic nails, and café au lait patches [1]. It 
has no known effective treatment to date. Bevaci-
zumab, a vascular endothelial growth factor 
(VEGF) inhibitor, has been successfully used in 
the treatment of two disorders that share similar 
pathologies with a more limited distribution: 
Coats disease and leukoencephalopathy with cal-
cifications and cysts (LCC), also known as 
Labrune syndrome [2,3]. We report the case of a 
patient who was diagnosed with Coats plus syn-
drome and demonstrated almost complete free-

dom from seizures, control of severe gastrointesti-
nal tract bleeding, and a noticeable improvement 
in motor function, dystonia, and brain imaging 
findings on bevacizumab. 

The male proband was born at an estimated 
gestational age of 26 weeks via cesarean section 
due to decreased fetal movement, with a birth 
weight of 789 g. The Apgar scores were 4 and 6 at 
1 and 5 minutes, respectively. Initial head ultraso-
nography showed right and left germinal matrix 
hemorrhages without ventriculomegaly, which 
resolved after around 7 weeks. Term-equivalent 
brain magnetic resonance imaging (MRI) 
showed foci of bilateral germinal matrix hemor-
rhage and right posterior intraventricular hemor-
rhage, but was otherwise unremarkable.  

Initially after leaving the neonatal intensive care 
unit, the patient had normal development. At his 
follow-up appointment with the newborn medi-
cine clinic at the age of 9 months (5.5 months 
corrected), he screened normal on the Denver II 
developmental screening test. Concerns about 
development were raised around 15 to 18 months 
of life and were initially attributed to cerebral pal-
sy. He spoke his first words at 16 months (12.5 
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months corrected) and walked at 18 months of age (14.5 months 
corrected). During that period, he was noted to have ataxia and 
spastic diplegia, which progressively worsened, with asymmetric 
dystonia affecting the right side of the body more than the left. Ini-
tially, he was able to walk independently but used a walker for long 
distances and required some assistance with activities of daily liv-
ing. He developed generalized tonic-clonic seizures around 2 to 3 
years of age, which were controlled with anti-seizure medications. 
He also had poor visual acuity (20/125 in the right eye and count-
ing fingers at 3 feet in the left eye), which was partially related to 
retinopathy of prematurity (ROP). However, due to the eye opera-
tions he underwent for ROP and resultant retinal scarring, an eval-
uation for the typical eye findings associated with Coats plus syn-
drome was not possible. 

A computed tomography scan performed after the patient fell 
and hit his head at the age of 3 years revealed extensive intracra-
nial calcifications, prompting brain MRI that showed multiple 
cystic lesions as well as hyperintensities on the T2 fluid-attenuat-
ed inversion recovery (FLAIR) sequence suggestive of white 
matter disease. After extensive metabolic genetic tests yielded 
uninformative results, he underwent clinical trio exome sequenc-
ing, performed by GeneDx, which revealed two pathogenic vari-
ants in CTC1. The Agilent Clinical Research Exome kit was used 
to target the exonic regions and flanking splice junctions of the 
genome. The targeted regions were sequenced using an Illumina 
HiSeq sequencing system with 100 base pairs paired-end reads. 
The variants were confirmed by Sanger sequencing. Variant an-
notation and analyses were performed using the company’s cus-
tom-developed analysis tool. Variant nomenclature was based on 
the transcript NM_025099.5, and variant classification was con-
ducted according to the American College of Medical Genetics 
and Genomics (ACMG) standards and guidelines [4]. The first 
variant was paternally inherited and pathogenic, designated as 
c.724_727delAAAG;p.Lys242Leufs*41, which has been previous-
ly seen in the context of CRMCC [5] and reported four times as a 
pathogenic variant in ClinVar (https://www.ncbi.nlm.nih.gov/cl-
invar/RCV000023986/). The second variant was maternally in-
herited and likely pathogenic, designated as c.1459A > G;p.Arg-
487Gly. This variant has not been previously reported among pa-
tients with CRMCC, and it has been listed in ClinVar once as 
pathogenic and twice as a variant of uncertain significance (https://
www.ncbi.nlm.nih.gov/clinvar/variation/VCV000392201.5). 
These results confirmed the diagnosis of Coats plus syndrome. 

Between the ages of 11 and 15, the patient developed dysarthria 
that progressed to complete mutism, worsening dystonia (involv-
ing the trunk and limbs), difficulty swallowing, increasing seizure 
frequency (monthly seizure clusters despite continuous up-titrat-

ing of the anti-seizure medication he was on, clobazam), and epi-
sodes of severe gastrointestinal bleeding necessitating erythrocyte 
transfusion. He also started to experience pathological bone frac-
tures, mainly involving the lower limbs, which affected his ability to 
ambulate independently and were complicated by recurrent infec-
tions, leading to the amputation of his right leg. He became wheel-
chair-bound but was able to use both hands to reach for objects, fa-
voring the left side, with significant dysmetria. Danazol, an agent 
that has shown benefit in certain telomeropathies [6], was tried for 
a year and a half without any benefit. His brain MRI showed exten-
sive cerebral, brainstem, and cerebellar T2/ FLAIR signal abnor-
malities, cystic changes with peripheral enhancement, and paren-
chymal calcifications (Fig. 1A and B). 

A recent case report showed improved bradykinesia, range of 
motion, and brain MRI findings with VEGF inhibition (bevaci-
zumab, 5 mg/kg intravenous [IV] biweekly) in a patient with LCC 
[3], a disorder that overlaps clinically with Coats plus syndrome. 
In another report on a patient with LCC, bevacizumab treatment 
was associated with improvement in neuroimaging findings, ac-
companied by stabilization in clinical status [7]. Correspondingly, 
bevacizumab was started at the age of 16 (5 mg/kg IV over 60 to 
90 minutes, every 2 weeks) and resulted in better seizure control 
(one or two clinical seizures per year), improvement in his swal-
lowing and dystonia (with an increased range of motion in the 
upper extremities) and cessation of gastrointestinal tract bleeding. 
Brain MRI (Fig. 1C and D) obtained 4 months after the initiation 
of bevacizumab showed significant improvement in white matter 
changes. However, he developed new-onset abdominal cramps, 
which were thought to be related to the bevacizumab and persist-
ed despite dose reduction (to 2 mg/kg IV, every 2 weeks). As a re-
sult, bevacizumab was stopped after 7 months and he was 
switched to sirolimus, an mTOR signaling inhibitor that has been 
shown to be effective in the treatment of vascular anomalies [8]. 
However, the patient experienced progressive gastrointestinal 
bleeding while on sirolimus; thus, bevacizumab was resumed at 
the same initial dose with analgesics, which successfully con-
trolled the bleeding for 2 months before it worsened again, despite 
the addition of octreotide. Of note, his brain MRI remained stable 
during that time, but after 3 months of recurrent gastrointestinal 
bleeding secondary to liver cirrhosis and multiple transfusions, he 
was transitioned to hospice care and passed away at the age of 16 
years and 9 months. 

Coats plus syndrome is a rare, autosomal recessive disorder 
caused by mutations in CTC1, encoding conserved telomere main-
tenance component 1, a member of the mammalian homolog of 
the yeast heterotrimeric CST (Ctc1, Stn1, Ten1) telomeric cap-
ping complex [5]. A pathological examination of the organs in-
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volved suggests that the underlying basis is obliterative microangi-
opathy, with vessels showing thickened, sclerotic, and calcified 
walls and telangiectasia [1]. Coats disease, a phenotypically similar 
but genetically distinct disorder, shares the same ocular pathology 
as Coats plus syndrome, which is characterized by retinal telangiec-
tasia, exudative retinopathy, and neovascularization. The ex-
tra-neurological problems differentiate Coats plus syndrome from 
LCC, in which affected individuals otherwise show an identical 
neuroradiological appearance [9]. LCC is characterized by cere-
bral microangiopathy that causes progressive white matter disease, 
calcifications, and cysts within the brain caused by biallelic muta-
tions in the box C/D small nucleolar RNA SNORD118 [10]. 
VEGF promotes neovascularization and vascular permeability, and 
VEGF inhibition has been reported to reduce exudates and cysts 
in ocular disorders such as macular edema and Coats disease [2]. 
Given these observations, we reasoned that VEGF inhibition 
might also be effective in treating Coats plus syndrome. After start-
ing bevacizumab, our patient experienced improved attentiveness, 
swallowing, dystonia, and range of motion, relatively better seizure 
control, and cessation of gastrointestinal tract bleeding for months 
before the syndrome progressed again. His brain imaging showed 
marked improvement in white matter T2/FLAIR hyperintensities 
after 4 to 5 months of bevacizumab treatment. This is the first case 
reported where an anti-VEGF agent was used to treat neurologic 
manifestations of Coats plus syndrome. Further studies are war-
ranted, and the risk-benefit analysis of this off-label drug use must 
be weighed on a case-by-case basis. 
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Norovirus, along with rotavirus, is a common vi-
rus that causes gastroenteritis in children [1]. 
Complications related to norovirus enteritis are 
rare, and the prognosis is good. However, various 
clinical features and poor prognoses have been re-
ported in norovirus-associated encephalopathy 
[2,3]. Herein, we report two pediatric cases of 
norovirus infection with severe neurologic com-
plications. 

A 7-year-old girl (patient A) visited the emer-
gency room (ER) of a local hospital for diplopia, 
impaired vision, eye movement disorder, and 
mild neck stiffness that had lasted for 5 days. Days 
before developing ocular symptoms, she had ab-
dominal pain, was diagnosed with enteritis, and 
took medications to alleviate the symptoms. Her 
mental status was alert, and the Glasgow Coma 
Scale score was 15. In a workup at a local hospital, 
brain magnetic resonance imaging (MRI) and 
angiography showed papilledema. She received 
mannitol for papilledema and intravenous meth-
ylprednisolone (1 mg/kg/ day) for 4 days for 
sixth cranial nerve palsy, followed by dexametha-
sone (0.5 mg/kg/day) for the next 6 days. During 
hospitalization, transient ataxia and bilateral peri-
orbital pain were noted. Starting on hospitaliza-
tion day 9, her symptoms improved, and a dexa-
methasone dose of 0.25 mg/kg/day was adminis-
tered for 2 days. Subsequently, a reduced dexa-
methasone dose (0.125 mg/kg/day) was admin-

istered for the next 2 days. She was discharged on 
hospitalization day 13; the dexamethasone dose 
was tapered for 4 days and discontinued. Howev-
er, on day 4 after discharge, her symptoms wors-
ened again. Hence, she was transferred to our 
hospital. 

On transfer to our hospital, she had fixed dilat-
ed pupils, and her left eye had visual acuity of 
light perception and exhibited left gaze palsy (Fig. 
1). Her right eye had a visual acuity of 0.04. On 
fundoscopy, stage 4 papilledema was confirmed 
in both eyes, and a slight decrease in the deep ten-
don reflex was observed. Whole-spine MRI and 
an autoantibody panel (anti-aquaporin 4 anti-
body [AQP4], anti-neurofilament antibody 
[NF], and anti-myelin oligodendrocyte glycopro-
tein [MOG]) revealed normal findings. Stool vi-
rus polymerase chain reaction (PCR) findings 
showed positivity for norovirus genogroup II 
(GII). She received intravenous immunoglobulin 
(IVIG) at a dose of 0.4 g/kg for 5 days and meth-
ylprednisolone (30 mg/kg/day) for 3 days. Her 
abdominal symptoms and visual acuity in the 
right eye improved. Further improvement was 
noted after acetazolamide was administered. 

A previously healthy 8-month-old girl (patient 
B) was brought to our ER with an ongoing seizure 
for 20 minutes. The patient had been treated for 
otitis media 2 weeks ago and had been vomiting 
for 2 days. Her temperature was 40°C. She was 
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treated with lorazepam, phenytoin, phenobarbital, and midazolam. 
She was admitted to the intensive care unit, where diarrhea was 
noted. Her laboratory findings were as follows: hemoglobin, 12.3 
g/dL; leukocyte count, 13.37 × 106/L; C-reactive protein, 0.18 
mg/dL; glucose, 308 mg/dL; ammonium, 108 IU/L; and serum 
sodium, 150 mEq/L. Venous blood gases showed metabolic aci-
dosis. PCR analysis of a respiratory sample from the patient 
showed negative results for norovirus GII, but that of the stool 
sample showed positive results for norovirus GII. Empiric treat-
ment was initiated with vancomycin and acyclovir, and IVIG (0.5 
g/kg/day for 3 days) was administered for encephalitis. Hydrocor-
tisone and dopamine were administered for hypotensive shock. 
On hospitalization day 2, the coagulation studies were compatible 
with disseminated intravascular coagulopathy (DIC). Brain MRI 
performed on hospitalization day 2 demonstrated a high signal in-
tensity along the cerebral hemisphere sulci with enhancement on 
diffuse fluid-attenuated inversion recovery imaging and diffusion 
restriction in the posterior parietal and occipital cortex and subcor-
tex in diffusion-weighted images, indicative of meningoencephali-
tis and post-ictal changes (Fig. 2). She experienced further myoc-
lonic seizures; therefore, midazolam and levetiracetam were added. 
A continuous encephalogram showed suppressed background ac-
tivities and continuous right central spike discharges at 3- to 5-sec-
ond intervals. Despite receiving aggressive drug administration, the 
cerebral edema worsened and DIC did not improve, resulting in 
death due to multiorgan failure. 

Although there have been few reports of norovirus-associated 
encephalopathy, most have a benign neurological prognosis [4]. 
However, in these cases, serious complications were identified. 
Norovirus was detected in the patients’ stool samples by multiplex 
reverse-transcription PCR. Although no cerebrospinal fluid (CSF) 
study was conducted, no other causes of encephalopathy were 

found. Norovirus remained the strongest candidate in the differen-
tial diagnosis. 

In the case of patient A, the possibility that a previous norovirus 
infection appeared in the form of Miller Fisher syndrome (MFS) 
cannot be excluded. In a previous case report, MFS was probably 
attributed to norovirus infection [5]. There was no eye pain or 
ptosis, and the patient had decreased visual acuity due to papillary 
edema, diplopia, and lateral palsy. Therefore, it was considered a 
sixth nerve abnormality rather than a second or third cranial nerve 
abnormality. Neuromyelitis optica was also excluded because the 
spine MRI was normal. 

A CSF study could not be conducted in patient B. As her vital 
signs, including blood pressure, were unstable, this examination 
was scheduled for later. Other viruses, such as herpes simplex virus 
(HSV) and enterovirus, which cause encephalitis, were also con-
sidered. However, lesions of the limbic system found in most pa-
tients with HSV encephalitis were not observed on brain MRI, and 
there were no other history or physical examination findings sug-
gestive of enterovirus infection. Similar brain MRI findings to those 
of patient B were also found in a previously healthy 15-month-old 
girl with norovirus-associated encephalopathy [6]. 

The utility of CSF studies to diagnose norovirus-associated en-
cephalopathy has not been established. The norovirus genome was 
detected in the CSF sample of a 23-month-old girl with altered 
consciousness [2]. Whether norovirus replicates in the central ner-
vous system remains unclear. 

Studies have suggested that cytokines in the serum and CSF play 
a role in acute encephalopathy [7]. A report demonstrated in-
creased interleukin 6 (IL-6) and tumor necrosis factor-α (TNF-α) 
levels in the CSF of patients with influenza, suggesting that cyto-
kine levels are associated with the sequelae and prognosis [8]. 

A study on the cytokine profiles in the CSF of patients with nor-
ovirus reported markedly elevated IL-6, IL-10, interferon-γ, and 

Fig. 1. Patient A shows cranial nerve VI palsy in the left eye.
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Fig. 2. Axial diffusion weighted brain magnetic resonance imaging 
of the patient B (A: 2nd day; B: 5th day of hospitalization). (A) 
Depicting diffusely diffusion high signal intensity lesions (white 
arrows) predominantly occipital lobe on diffusion weighted image, 
(B) diffuse cortical swelling in cortex and subcortex of both 
cerebral hemisphere with tonsillar and transtentorial.
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TNF-α levels [6]. Cytokines, such as IL-6, predict disease severity 
and prognosis in viral encephalitis [9].  

The encephalopathy in our cases could have been related to in-
creased cytokine levels rather than direct viral invasion. The im-
mune response to norovirus is not yet fully understood. We sug-
gest that increased cytokine levels in the CSF may lead to severe 
encephalopathy. However, further studies are warranted to confirm 
this possibility. 
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Miller Fisher syndrome (MFS) is a variant of 
Guillain-Barre syndrome (GBS) characterized by 
ataxia, areflexia, and ophthalmoplegia. It is often 
linked to cross-reacting antibodies to the GQ1b 
ganglioside found in cranial nerve myelin [1]. 
The presence of GQ1b at significantly higher lev-
els in the oculomotor, trochlear, and abducens 
nerve myelin is often cited as an explanation for 
ophthalmoplegia [1]. Anti-GQ1b immunoglob-
ulin G (IgG) antibodies are detected in more 
than 90% of patients with MFS [2]. However, we 
observed a case of MFS with severe ophthalmo-
plegia presenting as frozen eyes, in which an-
ti-GQ1b IgG was negative, while anti-GD1b IgG 
was positive. 

An 11-year-old boy presented to the outpatient 
clinic with headache, dizziness, vomiting, diplo-
pia, ataxia, and a tingling sensation in the fingers 
for 3 days. He could not stand or walk without 
support. There was no fever at the time of presen-
tation; however, 3 weeks ago he had experienced 
a high fever with loose stool for 2 days. His mental 
status was alert and his vital signs were within the 
normal range. His muscle strength was grade V in 
both the upper and lower extremities. The cranial 
nerve test was intact except for bilateral total oph-
thalmoplegia (Fig. 1). There was no nystagmus. 
Deep tendon reflex testing showed areflexia of 
both knees. On admission, brain magnetic reso-
nance imaging (MRI) and whole-spine MRI 

were normal. Nerve conduction studies of both 
upper and lower extremities suggested acute in-
flammatory demyelinating polyneuropathy be-
cause both H-reflexes were absent. No electro-
physiological abnormalities were observed in the 
left and right blink reflex pathways. On a blood 
test, the white blood cell count was 10,290/mm3 
with 66.4% of segment neutrophils. The C-reac-
tive protein level was 0.1 mg/dL. The thyroid 
function test was normal. Cerebrospinal fluid 
(CSF) examinations showed a white blood cell 
count of 2/mm3, a protein level of 25.5 mg/dL, 
and a glucose level of 62 mg/dL. Bacterial culture, 
herpes simplex virus polymerase chain reaction 
(PCR), and acid-fast bacillus stain of CSF were all 
negative. In a stool PCR examination, Campylo-
bacter species were identified. Serum anti-GM1 
IgG and anti-GQ1b IgG were negative, but an-
ti-GD1b IgG was positive.  

We administered intravenous immunoglobulin 
(0.5 g/kg/day) for 4 days upon admission under 
the diagnosis of MFS. The patient’s ataxia and 
headache immediately improved after treatment. 
However, only adduction of the left eye was pos-
sible immediately after the treatment. The tin-
gling sensation of the fingers improved after 2 
weeks. Ophthalmoplegia slowly improved. Two 
months later, bilateral total ophthalmoplegia had 
completely improved. 

Total bilateral ophthalmoplegia is very rare. 



Various combinations of internal and external ophthalmoplegia are 
generally reported in anti-GQ1b antibody syndromes, including 
acute ophthalmoplegia without ataxia, MFS, GBS with ophthal-
moplegia, MFS/GBS overlap syndrome, and Bickerstaff ’s brain-
stem encephalitis [3,4]. Rare cases of total bilateral ophthalmople-
gia have been reported in MFS with anti-GQ1b antibody and 
Wernicke encephalopathy [5,6]. GD1b is densely localized on the 
dorsal root ganglia neurons, and antibodies to GD1b are known to 
cause ataxic neuropathy rather than ophthalmoplegia [7]. A previ-
ous study reported that patients with anti-GD1b antibodies of 
GBS and GBS/MFS tend to recover faster regarding the ability to 
walk [8]. The rapid recovery of walking in our case is in line with 
those results. Recently, in coronavirus disease 2019 (COVID-19) 
-associated MFS patients, antibodies against anti-GD1b instead of 
anti-GQ1b have been found [9]. As a proposed explanation, it was 
pointed out that the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) spike protein also binds to sialic acid-contain-
ing glycoproteins for cell entry, and anti-GD1b antibodies might 
exhibit cross-reactivity between SARS-CoV-2–bearing ganglio-
sides and peripheral nerve glycolipids [9]. In our case, infection 
with Campylobacter species carrying GD1b-like lipooligosaccha-
rides might have induced antibodies to GD1b, which caused MFS. 
We also consider the possibility of a cross-reaction between an-
ti-GD1b antibodies and anti-GQ1b antibodies. However, a further 
evaluation would be needed to investigate additional factors caus-
ing severe ophthalmoplegia accompanying demyelination of the 
oculomotor, trochlear, and abducens nerves with negative an-
ti-GQ1b antibodies. 

This study was approved by the Institutional Review Board of 
Gachon University Gil Medical Center (GDIRB2021-430). Writ-
ten informed consent was obtained from the guardian of the pa-
tient.
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Letter to the Editor

Glutamate ionotropic receptor N-methyl-D-as-
partate type subunit 2B (GRIN2B) gene encodes 
GluN2B, a subunit of the N-methyl-D-aspartate 
(NMDA) receptor, which is closely associated 
with human brain development [1]. GRIN2B-re-
lated neurodevelopmental disorder presents as de-
velopmental delay or intellectual disability with 
other neurologic phenotypes, such as abnormal 
muscle tone, epilepsy, and autism spectrum disor-
der [2]. Early-onset findings include microcepha-
ly, cortical malformation, and severe epileptic en-
cephalopathy [3]. 

Pediatric neurologists use various diagnostic 
tools to identify nervous system abnormalities in 
children with developmental delay. For example, 
in a patient with movement abnormalities and de-
velopmental delay, it is essential to determine 
whether the condition is caused by a genetic disor-
der, a metabolic disorder, or a degenerative neuro-
muscular disorder. 

The comorbidity of simultaneous developmen-
tal delay and musculoskeletal symptoms could be 
considered as one of the phenotypes of an under-
lying etiology in pediatric patients without obvi-
ous trauma or infection. However, musculoskeletal 

symptoms have rarely been reported in children 
with mutations in GRIN2B, which have been re-
ported to be accompanied by developmental delay 
[4,5]. Here, we present a case of gait disturbance 
caused by sacroiliitis in a boy who presented with 
developmental delay and was found to harbor a 
pathogenic variant of GRIN2B upon genetic 
screening. 

The patient was a 4-year-old boy presenting 
with weakness in the lower extremities with gait 
disturbance, who visited our clinic with no specif-
ic perinatal history. He had difficulties in feeding 
and had frequently experienced diarrhea since he 
was 3 months old. He showed normal develop-
mental milestones until 6 months, but could not 
roll and sit by himself until he was 1 year old. He 
was able to walk independently and speak one 
word after 3 years of age. At the age of 4 years, he 
could not walk and demonstrated poor balance, 
swaying violently from side to side while walking 
or standing; he could only sit or had to be contin-
uously embraced. He did not have any seizure-re-
lated symptoms. 

His height, weight, and head circumference 
were all below the third percentile compared to 
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normal children of the same age. He was unable to speak a sen-
tence including more than two words and tried to communicate 
using incomprehensible sounds. He could not move his legs volun-
tarily, and the motor power of both legs was grade 3. The deep ten-
don reflexes of both knees and pulsation of the dorsalis pedis were 
normal. In serologic tests, inflammatory markers such as C-reactive 
protein (CRP) and erythrocyte sedimentation rate (ESR) were 
mildly elevated, along with leukocytosis. The initial tests for cre-
atine kinase and its MB isoenzyme, aspartate aminotransferase, al-
anine aminotransferase, and lactate dehydrogenase were within 
normal limits. His thyroid function test, including thyroid-stimu-
lating hormone and free thyroxine levels, showed normal results. 
He had a normal male karyotype (46, XY). The urine amino acid 
and serum organic acid profiles were within normal limits. 

The chest cavity showed pectus excavatum, and an echocardio-
gram revealed idiopathic pulmonary hypertension; however, no 
evidence of thromboembolism was noted on chest computed to-
mography. Mild cerebral atrophy was observed on brain magnetic 
resonance imaging (MRI). Increased signal intensities of both sac-
roiliac joints and facet joints of the lumbar spine in T2-sagittal im-
ages were noted on spine MRI by our radiologist. A focal T2 hy-
perintense lesion with enhancement at the subcutaneous fat layer 
of the lower back (L3 and L4 level) was observed, which was not 
correlated with the clinical symptoms (Fig. 1). 

We performed direct sequencing using the GC Genome diag-
nostic exome sequencing panel, and two heterozygous likely 
pathogenic variants in PLA2G6 and GRIN2B were detected. In the 
trio test, PLA2G6 (heterozygote missense, c.1634A > G, autoso-
mal recessive) was detected only in the father, and GRIN2B 
(NM_000834.4: c.2678_2680del, p.Asn893del, autosomal 
dominant) was not detected in either parent; thus, the GRIN2B 
mutation was considered to have occurred de novo in our patient 
(Fig. 2). We concluded that the clinically correlated genetic patho-
genic variant for this patient was GRIN2B, which is known to pres-
ent various phenotypes of neurodevelopmental disorders. 

The patient was prescribed prednisolone (10 mg daily) to at-
tenuate joint inflammation. After 1 month, he was able to move 
his legs, and the serum levels of inflammatory markers (ESR, 
CRP) decreased to the normal range. Therefore, we decided to 
reduce the prednisolone dose from 10 to 5 mg per day. After initi-
ation of the reduced dose, the patient has been able to walk with-
out support and attempted to form sentences using more than 
two words after 1 month of treatment, without experiencing any 
adverse effects. 

GRIN2B-related phenotypes with mild to severe neurodevel-
opmental disorders have been reported, although their pheno-
types present with a wide spectrum of variation depending on ge-

netic factors [6,7]. However, to our best knowledge, sacroiliitis as-
sociated with a GRIN2B mutation has very little support in the lit-
erature, without any specific case reports. Sacroiliitis in pediatric 
patients has been reported in a few cases of disorders involving 
immune-related mechanisms, such as juvenile spondyloarthropa-
thies or MEFV mutations [8]. GRIN2B is mainly involved in hu-
man brain development, not the immune response. However, 
Canet-Pons et al. [9] reported that GRIN2B was related to the 
dysregulation of intracellular cholesterol transport in macro-
phages based on an animal experiment, and George et al. [10] re-
ported that GRIN2B was expressed on the surface of cells in gas-
tric cancer patients with Helicobacter pylori infections. These find-
ings indicate that GRIN2B may have some relationship to the im-
mune response. This report describes the first pediatric case of 
sacroiliitis in a patient with a GRIN2B mutation. Our report 
shows the possibility of that skeletal issues may co-exist with an 
apparent neurodevelopmental abnormality associated with the 
GRIN2B mutation. A GRIN2B mutation should not be excluded 
in children with developmental delay and gait disturbance, and we 

Fig. 1. Brain and spine magnetic resonance imaging (MRI) 
of the patient. (A) Bilateral cerebral hemispheres show age-
inappropriate diffuse atrophic changes on axial T2-weighted 
images. (B) Sagittal fat-suppressed T2-weighted MRI shows 
hyperintensity at both sacroiliac joints (white arrowhead on the 
left) and enhanced focal lesions in the paraspinal soft tissue and 
facet joints of the lower back (yellow arrowheads on the right).
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suggest a possible correlation between neurodevelopmental etiol-
ogies and other skeletal conditions.  

This case report was approved by the Institutional Review Board 
of the Gyeongsang National University Changwon Hospital (IRB 
No: 2022-04-033), and written informed consent was obtained 
from the patient's parents. 
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Mutations in the lysine demethylase 5C (KD-
M5C) gene are an important cause of the syn-
dromic Claes-Jensen type of X-linked intellectual 
disability and are associated with mild to severe 
intellectual disability. Intellectual disability is a 
clinically variable and genetically heterogeneous 
disorder characterized by limitations in both in-
tellectual functioning and adaptive behavior, af-
fecting the social and practical skills that are 
learned before the age of 18 years [1,2]. Intellec-
tual disability affects 1% to 3% of the population 
worldwide and often coexists with other neuro-
logical conditions [3]. Advances in human genet-
ics and clinical research have led to the identifica-
tion of hundreds of genes responsible for intellec-
tual disability. Numerous studies of large cohorts 
of patients with intellectual disabilities have 
shown that the disease has a significantly higher 
incidence in males, indicating that X-linked gene 
defects are the main cause of intellectual disability 
[4]. Here, we report three male siblings with vari-
ations in KDM5C, c.1602G > C (p.Trp534Cys), 
who presented with severe intellectual disability, 
growth failure, and epilepsy. 

The first patient was a 7-year-old boy, who was 
the first child born to healthy parents with normal 
intelligence. He was born at 34 weeks of gestation 
by cesarean section because of congenital intesti-
nal obstruction, and his birth weight was 1,980 g 
(25th percentile). The patient underwent surgery 

for duodenal atresia soon after birth. He attained 
head control at the age of 10 months, creeping at 
11 months, rolling at 12 months, crawling at 24 
months, sitting alone at 26 months, standing at 36 
months, and walking at 46 months. The patient 
started babbling at the age of 19 months and 
spoke words after 4 years of age; however, he 
could not reliably form sentences. 

The patient showed global developmental de-
lay on the Korean Bayley Scales of Infant Devel-
opment-III. At 75 months old, his scores were as 
follows: cognitive scale, 16 months old; receptive 
communication scale, 6 months old; expressive 
communication scale, 10 months old; fine motor 
scale, 19 months old; and gross motor scale, 18 
months old. At the age of 7 years and 5 months, 
his modified Barthel index score was 26/100. 
The patient’s full-scale intelligence quotient (Ko-
rean-Wechsler Preschool and Primary Scale of In-
telligence) was below 40.  

The patient also experienced remarkable 
growth failure. At 6 years and 10 months of age, 
his height was 95 cm (less than the 3rd percentile), 
his weight was 12 kg (less than the 3rd percentile), 
and his head circumference was 46 cm (less than 
the 3rd percentile). A physical examination re-
vealed marked spasticity in the lower extremities, 
and ophthalmic screening revealed esotropia and 
hypermetropia. 

The patient also had a history of focal and gen-



eralized tonic-clonic seizures since early childhood. Electroenceph-
alography (EEG) revealed a moderately abnormal sleep record due 
to increased high-amplitude slow-wave activities for his age in the 
background, which was consistent with non-specific cerebral dys-
function. A variety of anticonvulsants, including phenytoin, leveti-
racetam, and valproic acid, were used to control seizures, but the 
epilepsy became intractable to anticonvulsants thereafter. 

All biochemical parameters were within their normal range, in-
cluding lactic acid, pyruvic acid, amino acids, and hormones such 
as thyroid-stimulating hormone, free thyroxine, and parathyroid 
hormone. An analysis of urinary organic acids did not reveal any 
abnormal metabolites. Brain magnetic resonance imaging revealed 
white matter volume loss with mild ventricular dilatation and dif-
fuse thinning of the corpus callosum (Fig. 1A). 

The patient’s second male sibling (6 years old) and third male 
sibling (4 years old) had a similar clinical course, presenting with 
severe intellectual disability, global developmental delay, growth 
failure (height and weight less than the 3rd percentile), and epilep-
sy. Brain magnetic resonance imaging of the second sibling showed 
partial agenesis of the corpus callosum (Fig. 1B), and EEG revealed 
slow and poorly regulated background activity with occasional 
spike-and-wave discharges from the right centrotemporal area, 
which was consistent with diffuse cerebral dysfunction and focal 
seizures. 

Whole-exome sequencing was performed in the three affect-
ed male siblings and the healthy mother (Fig. 2). A hemizygous 
variant in the KDM5C gene, NM_004187.3:c.1602G > C (p.Trp 
534Cys), was proposed as the likely pathogenic variant accord-
ing to the American College of Medical Genetics and Genomics 
guidelines [5], and their asymptomatic mother was heterozy-
gous for the same mutation. This variant is a missense mutation 

located in the well-established functional domain of the JmjC 
domain. 

KDM5C variation is inherited as an X-linked recessive trait and 
is associated with mild to severe intellectual disability. The clinical 
manifestations in affected males include intellectual disability, de-
velopmental delay, delayed speech and language development, au-
tistic behavior, aggressive behavior, seizures, short stature, de-
creased body weight, microcephaly, progressive spastic paraplegia, 
lower limb hyperreflexia, and mild dysmorphic features [6]. These 
clinical features were first described as the Claes-Jensen type of 
X-linked intellectual development disorder (MIM #300534), and 
the current understanding of its genetic basis involves a central 
transcriptional repressive role for KDM5C. The KDM5C gene, lo-
cated at Xp11.22, encodes a histone demethylase that specifically 
targets di- and tri-methylated histone H3 lysine ece4 (H3K4me2 
and H3K4me3) [7,8] and helps maintain the dynamic balance of 
the H3K4 methylation state [9]. The H3K4me2/3 substrates are 
associated with the promoters of transcriptionally active genes 
and play an essential role in gene transcription [6,7]. In mouse 
models, loss of KDM5C function caused defective development 
of the dendrites and dendritic spines, and these defects are often 
observed in human individuals with intellectual disabilities or au-
tism spectrum disorder [7,10]. In KDM5C-deficient mice, the lev-
els of H3K4me2/3 were increased at the promoters of genes, and 
KDM5C target genes were aberrantly expressed in these mutant 
mice [5,7]. KDM5C-deficient mice exhibited fear memory loss, 
spatial memory defects, increased aggressive behavior, and re-
duced social preference [7,8,10]. This KDM5C-deficient mice 
model thereby provided a connection between the dynamic regu-
lation of histone methylation and neurocognitive development. 
Brooks et al. [1] demonstrated several KDM5C missense muta-

Fig. 1. (A) T1-weighted brain magnetic resonance imaging (MRI) 
of the oldest brother obtained at 2 years of age. The brain MRI 
shows diffuse thinning of the corpus callosum (arrows). (B) T1-
weighted brain MRI of the second brother obtained at 1 year of 
age. The arrows indicate partial agenesis of the corpus callosum.

AA BB

Fig. 2. The pedigree of the family. All three male siblings 
presented with severe intellectual disability, growth failure, and 
epilepsy. The carrier mother showed normal intelligence.

Mother

Patient 1 Patient 2 Patient 3
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tions with reduced demethylase activity and suggested that the 
degree of activity reduction correlated with the severity of intel-
lectual disability.  

We presented a family of three brothers with X-linked intellec-
tual disability caused by a missense variation (c.1602G > C, p.Trp-
534Cys) in the KDM5C gene for the first time in Korea. Previous-
ly reported patients with missense mutations in the KDM5C gene 
usually had mild to moderate intellectual impairment, short stat-
ure, and microcephaly [6]. However, all three male siblings in this 
report presented with severe intellectual disability, growth failure, 
and epilepsy. The oldest brother showed clinical manifestations 
including global developmental delay, delayed speech and lan-
guage development, progressive spastic paraplegia, microcephaly, 
and esotropia, whereas the carrier mother was asymptomatic. The 
clinical manifestations associated with KDM5C mutations show a 
degree of variability with regard to neurocognitive disabilities and 
facial dysmorphism, even in the same family. This variability is 
probably due to the existence of other unknown disease-causing 
or compensatory mechanisms related to histone demethylase ac-
tivity, as well as other epigenetic and environmental factors. 

In conclusion, KDM5C mutations are inherited as an X-linked 
recessive trait and cause a male-specific disorder associated with 
mild to severe intellectual disability. Therefore, in patients with 
X-linked intellectual disability, remarkable growth failure, and epi-
lepsy, genetic diseases associated with the KDM5C gene should 
be taken into consideration. Additional research is needed to 
identify the genotype-phenotype correlations in the KDM5C 
gene. Furthermore, the identification of novel disease-causing 
mechanisms associated with KDM5C could provide new clues to 
elucidate the genetic causes underlying intellectual disability. 

This study was approved by the Institutional Review Board of 
CHA Bundang Medical Center (IRB No: 2022-07-061). The re-
quirement for written informed consent from the patients was 
waived by the board owing to the retrospective nature of the 
study. 
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Letter to the editor

Neonatal hypoglycemia is a common condition 
that constitutes one of the leading causes of brain 
injury. Symptomatic hypoglycemia may present 
with metabolic encephalopathy characterized by 
neurological features, including stupor, jitteriness, 
seizures, apnea, irritability, and muscular hypoto-
nia mimicking several other diseases. The typical 
magnetic resonance imaging (MRI) patterns of 
neonatal hypoglycemic encephalopathy (NHE) 
are signal abnormalities localized to the parietal 
and occipital lobes and progressive parenchymal 
loss of the predominant occipital lobe in the new-
born. Diffusion-weighted imaging (DWI) may 
show restricted diffusion in the involved areas. 
These brain lesions are transient, and the revers-
ibility of DWI has also been reported [1]. The 
patterns of injury associated with NHE are more 
diverse than those previously reported, and in-
clude white matter, cortical, and basal ganglia/
thalamic abnormalities, white matter hemorrhage, 
and middle cerebral artery territory infarctions 
[2]. However, no reports of NHE with extensive 
white matter involvement and serial changes on 
MRI are available. Here, we present a case of 
NHE with atypical MRI findings along with se-
quential neuroradiological changes. This study 
was approved by the Institutional Review Board 
of Daegu Catholic University Medical Center 
(CR-22-014). The requirement for publication 
consent was waived because personally identifi-

able protected health information was not dis-
closed in this report. 

A 2-day-old girl was admitted for refractory hy-
poglycemia. The patient was born to a mother 
with gestational diabetes and hypothyroidism at 
the gestational age of 37 weeks and 6 days and 
had a birth weight of 2,460 g. After an uneventful 
delivery at a local hospital, her blood glucose level 
was 29 mg/dL. Despite glucose administration, 
the blood glucose level remained low (range, 23 
to 34 mg/dL). She was subsequently transferred 
to our hospital. On admission, she was alert; 
however, she showed mild chest retraction with 
oxygen saturation of 90% under an oxygen supply 
of 1 L/min. Her heart rate, respiratory rate, body 
temperature, and blood pressure were 147 beats/
min (range, 120 to 160), 52 breaths/min (range, 
40 to 60), 36.7°C (range, 36.5°C to 37.4°C), and 
80/31 mm Hg (range, 60 to 90/30 to 60), respec-
tively. Mechanical ventilation was applied to re-
lieve her respiratory distress symptoms. The ini-
tial laboratory findings were as follows: serum 
glucose, 17 mg/dL; pH, 7.23; pCO2, 56.2 mm 
Hg; and bicarbonate, 23.6 mmol/L. The follow-
ing were the results of the metabolic evaluation 
for hypoglycemia: insulin, 13.7 μIU/mL (range, 
2.6 to 24.9); insulin/glucose ratio 0.5 (simultane-
ous serum glucose, 25 mg/dL, < 0.3); free fatty 
acids, 93 μEq/L (range, 172 to 586); ketone bod-
ies, 0.2 mmol/L ( < 0.6); and cortisol, 9.13 μg/dL 
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(range, 2.47 to 11.9). Even after intravenous glucose administra-
tion, her glucose level remained low, with a range of 31 to 52 mg/
dL. Her glucose level stabilized following the administration of glu-
cose infusion at a rate of 14 mg/kg/min and hydrocortisone. On 
the 4th day of admission, she developed multiple seizures with ap-
nea, eyelid blinking, and lip-smacking under euglycemia with the 
same glucose management. Cerebrospinal fluid analysis revealed 2 
white blood cells/μL, a protein level of 81.8 mg/dL, and a glucose 

level of 68 mg/dL with a serum glucose level of 93 mg/dL. Imme-
diately after the occurrence of seizures, we performed brain MRI 
on the 4th day of admission. Brain DWI and an apparent diffusion 
coefficient map demonstrated diffuse restricted water diffusion in 
the white matter of the parieto-occipital lobes, centrum semiovale, 
posterior limb of the internal capsule, and the splenium of the cor-
pus callosum. On the 11th day, follow-up MRI showed the spread 
of lesions in the corpus callosum and internal capsule (Fig. 1). A 

Fig. 1. Serial brain magnetic resonance imaging (MRI) shows the evolution of white matter lesions in a neonate with symptomatic 
hypoglycemia from seizure onset to 7 months of age. Axial diffusion-weighted imaging (DWI) (A, B) and apparent diffusion coefficient 
(ADC) map (C, D) reveal restricted water diffusion in the white matter of the parieto-occipital lobes, centrum semiovale, posterior limb 
of the internal capsule, and the splenium of the corpus callosum on the 4th day of admission. Follow-up DWI (E, F) and ADC map (G, H) 
on the 11th day show no interval changes except for the spread of lesions in the corpus callosum and internal capsule. Follow-up MRI at 
7 months of age shows mild ventriculomegaly with an outer bulging contour on T1-weighted imaging (K, L), with the disappearance of 
restriction of water diffusion observed in the previous images (I, J).
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stool test for rotavirus antigen was negative. Electroencephalogra-
phy (EEG) showed a burst-suppression pattern on the 5th day of 
admission (Fig. 2). Intravenous anticonvulsants were administered 
to control seizures. She had five additional seizures after the first 
episode. Except for the first one, the others were subtle seizures 
with autonomic changes that comprised a sudden increase in heart 
rate up to 180 to 210 beats/min with decreased responsiveness to 
noxious stimuli for seconds. After the 12th day of admission, the 
seizures were controlled with medications (phenobarbital, 6 mg/
kg/day; levetiracetam, 30 mg/kg/day). Follow-up EEG on the 
12th and 15th days of admission showed an improving status of 
background activity despite persistent multifocal spikes and sharp 
waves. Considering the burst-suppression pattern on EEG and the 
topography of lesions, we performed whole-exome sequencing 
through GC Genome (Yongin, Korea) for the molecular diagno-
sis of possible white matter disorders, including other metabolic 
disorders causing hypoglycemia. Three heterozygous variants of 
unknown significance were revealed in sodium voltage-gated 
channel alpha subunit 1 (SCN1A) (NM_001165963.3: 
c.4096G > A;p.Val1366Ile), calcium voltage-gated channel sub-
unit alpha1 H (CACNA1H) (NM_021098.3:c. 3635C > T;p.Thr 

1212Ile), and MAF bZIP transcription factor A (MAFA) (NM_ 
201589.4:c.738C > T;p.Gly246 = ). 

Parental genetic testing revealed that the MAFA variant was ob-
served in her mother, and the SCN1A and CACNA1H variants in 
her father. Family history revealed her mother and elder brother 
had a history of febrile seizures. On the 26th day of admission, she 
was discharged with medications and instructions for follow-up. At 
7 months of age, brain MRI showed mild ventriculomegaly with 
an outer bulging contour, suggesting end-stage periventricular leu-
komalacia (Fig. 1). Over 14 months of follow-up, the patient had 
mild developmental delay with esotropia and hypertropia of the 
left eye. On the same follow-up day, her height was 76.2 cm (50th 
percentile), and her body weight was 9.3 kg (50th percentile). 

MRI studies in patients with symptomatic hypoglycemia 
showed a correlation between the pattern of damage and age at 
clinical presentation: parieto-occipital white matter lesions from 
the neonatal period to 6 months of age versus basal ganglia and pa-
rieto-temporal cortex involvement in older infants [3]. To date, it 
remains unclear why the posterior head is more vulnerable to hy-
poglycemic injury in the neonatal period. The reduction of region-
al cerebral glucose use or a local expression deficit of glucose mem-

Fig. 2. Initial electroencephalography shows a generalized burst-suppression pattern on the 4th day of admission.
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brane transporter proteins and active synaptogenesis and axonal 
migration in the occipital lobe have been suggested as possible 
contributors to the localization of damage [4]. Burns et al. [2] 
studied the pattern of injury on early MRI scans following symp-
tomatic hypoglycemia in 35 term infants. They found that the pat-
tern of brain injury in symptomatic neonatal hypoglycemia was 
not associated with the severity or duration of hypoglycemia. Re-
garding the occurrence of seizures, all patients with seizures had 
white matter injuries; even four of the five patients without seizures 
had white matter injuries with variable degrees from mild to mod-
erate [2]. According to other studies, severe or repetitive hypogly-
cemic brain injury is more often present with atypical MRI, and 
the sites of brain injury are numerous and extensive [5]. Diffuse, 
symmetric diffusion-restricted lesions involving the cerebral white 
matter can be observed in patients with neonatal seizures without 
any structural or metabolic etiology and in neonates with viral in-
fections, such as rotavirus, human parechovirus, and enterovirus 
[6]. Our case had hypoglycemia for 3 days with the lowest level of 
17 mg/dL. The patient developed multiple seizures for 9 days un-
der euglycemia; however, she never developed status epilepticus. 
Her stool rotavirus test was negative. Based on the previous re-
ports, the atypical MRI features of our case may have resulted from 
various factors, including the duration and severity of hypoglyce-
mia, along with the presence of multiple seizures. 

Although hypoxia-ischemia and hypoglycemia can each have 
different MRI patterns of injury, they can exert a combined nega-
tive effect on the developing brain. Mild to moderate hypoxic-isch-
emic injury in term neonates produces parasagittal watershed zone 
infarcts between the anterior/middle and the middle/posterior ce-
rebral arteries [7]. Internal watershed strokes involve structures in 
the deep white matter that lie between medullary arteries arising 
from the superficial pial plexus and deep penetrating arteries aris-
ing from the basal cerebral arteries. These lesions lie in the corona 
radiata and centrum semiovale adjacent to the lateral ventricles [8]. 
In a study of 179 term infants, the watershed pattern of hypox-
ic-ischemic injury was most frequently observed to be associated 
with severe hypoglycemia [9]. When transferred, our patient 
showed respiratory distress as a possible clinical manifestation of 
hypoglycemia. Although our case had white matter lesions involv-
ing internal watershed zones that were not typical parasagittal ar-
eas, the MRI findings shown in our case may be an overlapping 
pattern of hypoglycemia and hypoxic-ischemic injuries. 

Owing to atypical MRI features compared to the typical posteri-
or dominant pattern of NHE, we performed an extensive workup 
in our patient, including whole-exome sequencing, which showed 
non-specific findings. Bilateral symmetric white matter changes are 
typically associated with toxic, metabolic, or hereditary leukoen-

cephalopathies. NHE can present atypical MRI patterns differing 
from those predominantly focused in the posterior area with or 
without accompanying hypoxic-ischemic injury. 

Our case showed unfamiliar findings caused by hypoglycemia. 
This additional information related to NHE  could help physicians  
in medical practice. 
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Lacosamide is a relatively new anti-seizure medi-
cation (ASM) that is classified as a sodium chan-
nel blocker (SCB). Unlike conventional SCBs, 
such as carbamazepine, phenytoin, and oxcarba-
zepine, lacosamide stabilizes hyperexcitable neu-
ronal membranes by selectively enhancing the 
slow inactivation of voltage-gated sodium chan-
nels [1-3]. In addition, it exhibits relatively little 
interaction with other ASMs and has high utility 
because it has both oral and intravenous (IV) for-
mulations. In recent years, IV lacosamide has in-
creasingly been recognized as a useful treatment 
for status epilepticus [4,5]. Lacosamide has 
shown efficacy and safety not only in adults, but 
also in children [2]. As such, lacosamide has been 
approved for use as monotherapy and adjunctive 
therapy for the treatment of focal-onset seizures 
in adults, adolescents, and children aged ≥ 4 years 
with epilepsy in the European Union and the 
United States [3,6-8]. However, further research 
on the efficacy and safety of lacosamide in chil-
dren is still needed. In particular, in South Korea, 
lacosamide has not yet been approved for use in 
patients with epilepsy among children under 16 
years of age. Here, we report three cases of pediat-
ric intractable focal epilepsy that were effectively 
treated with lacosamide add-on therapy. This 
study was approved by the Institutional Review 
Board of the Gangnam Severance Hospital, Yon-

sei University College of Medicine for the study 
of ASMs, including lacosamide, in refractory 
childhood epilepsy (3-2022-0135). The review 
board waived the need for informed consent for 
this retrospective study. 

Case 1: A 10-year-old girl with normal devel-
opment without a specific birth history had in-
tractable focal seizures at 24 months of age. After 
the seizures, she began experiencing cognitive de-
cline. She took several ASMs, but they had no sig-
nificant effect on seizure control, and her condi-
tion progressed to intractable epilepsy. In the 
pre-surgical evaluation, brain magnetic resonance 
imaging (MRI) was normal; however, focality 
was found in the right frontal area on fluorodeox-
yglucose-positron emission tomography (PET) 
and electroencephalography (EEG) (Fig. 1A). 
Hence, she qualified for epilepsy surgery on her 
right frontal lobe. Her full-scale intelligence quo-
tient (FSIQ) at that time was 69 and she weighed 
31 kg. While awaiting epilepsy surgery, she was 
administered lacosamide as an add-on therapy. 
She became seizure-free after the titration of la-
cosamide up to 200 mg/day. Her seizures stopped 
for more than a year after the treatment, with no 
major side effects, and her EEG normalized con-
siderably more than it had in the earlier study 
(Fig. 1B). As a result, her scheduled epilepsy sur-
gery was canceled, and her seizures are now well 



Fig. 1. Electroencephalography (EEG) findings of three pediatric patients with intractable epilepsy before and after treatment with 
lacosamide. (A) EEG findings of a 10-year-old girl before treatment with lacosamide. Frequent sharp wave discharges, predominantly in 
the right frontal area, were observed. (B) Eight months after lacosamide treatment, the background of the EEG was stabilized, and the 
epileptiform discharge was almost eliminated. (C) EEG findings of a 13-year-old girl before treatment with lacosamide. Focal slowing was 
observed, admixed with frequent sharp wave discharges from the right frontotemporal areas. (D) Six months after lacosamide treatment. 
The background of the EEG had stabilized, and the epileptiform discharge was almost eliminated. (E) EEG findings of a 32-month-
old boy with an sodium voltage-gated channel alpha subunit 2 (SCN2A) pathogenic variant before treatment with lacosamide. A slow 
and disorganized background with nearly continuous multifocal sharp wave discharges, mainly found in both the frontal and temporal 
areas, was observed. (F) Five months after lacosamide treatment. The background of the EEG had somewhat stabilized, and the left-side 
dominant multifocal sharp wave discharges were greatly reduced.
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controlled.  
Case 2: A 13-year-old girl with no specific birth history experi-

enced intractable focal seizures and status epilepticus from the age 
of 26 months. Her seizures seemed to be under control after tak-
ing several ASMs; however, they recurred. Brain MRI and PET 
showed focal abnormalities in the right temporal lobe. In addition, 
frequent epileptic discharges on the right temporo-parietal region 
were observed on EEG (Fig. 1C). Thus, the decision was made to 
perform resective epilepsy surgery on the right temporo-parietal 

areas. Her FSIQ at that time was 84 and she weighed 48 kg. How-
ever, while awaiting the surgery, lacosamide was added to her 
treatment, and the dosage was gradually increased to 400 mg/day. 
She became seizure-free for more than 8 months, and her EEG 
improved to the point where her epileptic discharge was barely 
detectable (Fig. 1D). Other than slight dizziness, she had no par-
ticular side effects of lacosamide, and her seizures have been well 
controlled so far. 

Case 3: A 32-month-old boy with a de novo heterozygous 
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pathogenic variant of sodium voltage-gated channel alpha subunit 
2 (SCN2A), c. 4426T > A (p.Phe1476lle) (NM_001040142.1), 
experienced intractable focal seizures and was diagnosed with ear-
ly infantile epileptic encephalopathy at 3 months of age. Several 
ASMs, a ketogenic diet, and steroids were administered, but the 
daily intractable seizures persisted. His brain MRI findings 
showed diffuse atrophy and thinning of the corpus callosum. He 
had a profound intellectual disability and was bed-ridden. The 
EEG findings before lacosamide add-on therapy were slow and 
disorganized, with nearly frequent multifocal sharp wave discharg-
es, mainly in both the frontal and temporal areas (Fig. 1E). Based 
on a genetic mutation involving sodium channelopathy, lacos-
amide was added and titrated gradually to 10 mg/kg/day. After 5 
months, the seizure frequency decreased by more than 90%, and 
the EEG findings significantly improved (Fig. 1F). Moreover, no 
serious side effects were observed. 

For pediatric patients with intractable focal epilepsy, epilepsy 
surgery or a ketogenic diet may be considered. However, strong 
rejection and low compliance are often observed with these treat-
ments. Therefore, there is an increasing demand for safe and effec-
tive ASMs for such patients [2,6]. The side effects of lacosamide 
include dizziness, vomiting, and headache, and serious adverse 
events have rarely been reported [2,6]. Lacosamide add-on thera-
py not only showed favorable outcomes even when there was an 
obvious focal abnormality on EEG, such as in case 1 and case 2, 
but also for targeted therapy in a patient who had intractable epi-
lepsy with sodium channelopathy. Lacosamide shows promise as 
a new treatment option for children with refractory epilepsy [9]. 
A study on the strong association between lacosamide treatment 
failure and the concomitant use of other SCBs together with la-
cosamide in children has recently been reported, and the findings 
could be useful for pediatric epileptologists [10]. We found that 
lacosamide could be safely and effectively used as an add-on ther-
apy for patients with pediatric intractable epilepsy based on these 
three cases. Therefore, lacosamide is considered to be a promising 
drug for patients with intractable focal epilepsy. Large cohort 
studies on the effectiveness and safety of long-term lacosamide 
treatment in children are needed. Additionally, more data on the 
use of lacosamide in pediatric patients are needed to determine 
the drug efficacy, and these efforts may provide better treatment 
options for patients with pediatric intractable focal epilepsy. 
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Reversible cerebral vasoconstriction syndrome 
(RCVS) is a clinical and radiological diagnosis 
characterized by the acute onset of headache, 
multiple constrictions of several cerebral blood 
vessels, and remission within 3 months [1]. 
Thunderclap headache, which usually lasts for 1 
to 3 hours, is a typical symptom accompanying 
RCVS, and focal neurologic deficits may also oc-
cur due to hemorrhages, infarcts, and even poste-
rior reversible encephalopathy syndrome (PRES) 
[2]. RCVS predominantly occurs in middle-aged 
women aged 30 to 50 years [1]. Only small case 
series and individual cases of RCVS have been re-
ported in children [2]. We describe a healthy 
child with a thunderclap headache associated 
with RCVS, which is the first pediatric case of this 
condition in Korea. 

An 8-year-old boy presenting with sudden-on-
set, severe, and diffuse headache was referred to 
our pediatric neurology clinic. He described 
thunderclap headaches with a verbal numeric 
pain scale of 9 to 10 intensity within 2 hours of 
falling asleep. He woke up with a severe headache, 
and taking acetaminophen did not help. The pa-
tient was born full-term without any perinatal 
problems, and his medical history was unremark-
able. He and his family had no history of head-
aches, migraines, or neurological diseases. He was 
not taking any medications. On admission, his 
neurological examination results were normal. 

His blood pressure was 110/70 mm Hg. A com-
plete blood count, serum electrolyte concentra-
tions, serum glucose level, hepatic and renal func-
tion tests, thyroid function test, and routine uri-
nalysis all showed normal results. Brain magnetic 
resonance imaging (MRI) and magnetic reso-
nance angiography (MRA) showed multiple seg-
mental narrowing of the cerebral arteries without 
brain parenchymal lesions (Fig. 1A); however, 
electroencephalography showed normal findings 
without focal slow waves. 

Several laboratory tests were performed under 
the suspicion of arteriopathy or an infectious or 
rheumatologic disorder. The erythrocyte sedi-
mentation rate and C-reactive protein level were 
normal. Cerebrospinal fluid (CSF) analysis re-
vealed a normal cell count (0/μL), protein level 
(21 mg/dL), and glucose level (72 mg/dL), with 
a normal opening pressure (17 cmH2O). The 
CSF bacterial culture was negative, and poly-
merase chain reaction tests did not detect herpes 
simplex virus, human herpes virus 6, varicella zos-
ter virus, or enterovirus. The plasma von Wille-
brand factor antigen test, performed to detect pri-
mary angiitis of the central nervous system, was 
normal. He had normal procoagulant screening 
results, including protein C, protein S, antithrom-
bin III, homocysteine levels, negative lupus anti-
coagulant, and cardiolipin antibodies. His auto-
immune workup, including rheumatoid factor, 
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antinuclear antibodies, complement levels, antiphospholipid anti-
bodies, and anti-neutrophilic cytoplasmic antibodies, also showed 
normal results. An electrocardiogram and echocardiography 
showed normal findings.  

Pediatric RCVS was suspected, and he was started on 5 mg of 
flunarizine. His headaches improved. Repeated MRA 2 months 
later showed complete resolution of these areas of stenosis (Fig. 
1B). Flunarizine was discontinued. He remained asymptomatic 1 
year later, with no further headaches. 

The requirement for written informed consent was waived due 
to the retrospective nature of the study, and the research was ap-
proved by the Institutional Review Board of Inje University Busan 
Paik Hospital (Busan, Korea; approval number: 2022-03-010). 

RCVS is characterized by a thunderclap headache with or with-
out neurological deficits, normal or near-normal CSF analysis, ce-
rebral artery stenosis, or multifocal segmental areas of vasocon-

striction, which generally resolve within a few weeks [3]. Cal-
abrese et al. [4] proposed diagnostic criteria for RCVS in 2007 
that were slightly modified by the International Headache Society 
(Table 1) [1]. These criteria are useful for diagnosing RCVS and 
increasing physicians’ awareness of this disease. Our patient met 
all these criteria and was diagnosed with RCVS. 

RCVS has been well-studied in adult patients. A large adult case 
series showed that RCVS commonly affects middle-aged women 
[5,6]. In contrast, a review of pediatric RCVS patients reported a 
male predominance [2,7]. Brain computed tomographic angiog-
raphy or MRA is useful for diagnosing RCVS. However, signs of 
vasoconstriction can be noticed 7 to 14 days after the onset of the 
headache [2,7]. Headache can precede the onset of brain angiog-
raphy findings showing vasoconstriction, which causes difficulties 
in accurate diagnosis [2]. Therefore, repeat imaging after 1 to 2 
weeks is necessary to confirm the diagnosis in patients with recur-

Fig. 1. (A) Magnetic resonance angiography (MRA) of the brain showing diffuse irregularity and beading appearance of bilateral vertebral 
arteries, basilar artery, bilateral middle cerebral arteries, and the right anterior cerebral artery (arrows). (B) Follow-up MRA after 2 months 
showing normal caliber and reversal of vascular abnormalities.
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Table 1. Diagnostic criteria for reversible cerebral vasoconstriction syndrome

Diagnostic criteria
1. Severe, acute headaches, with or without additional neurologic signs or symptoms
2. Monophasic disease course with no new symptoms after 1 month
3. Transfemoral angiography or indirect CTA or MRA documenting multifocal segmental cerebral artery vasoconstriction
4. No evidence for aneurysmal subarachnoid hemorrhage
5. Normal or near-normal findings on CSF analysis (protein level, <80 mg/dL; leukocyte level, <10/mm3; normal glucose level)
6. Reversibility of angiographic abnormalities within 12 weeks after onset. If death occurs before follow-up studies are completed, a postmortem  

examination rules out conditions, such as vasculitis, intracranial atherosclerosis, and aneurysmal subarachnoid hemorrhage, which can also manifest 
with headache and stroke.

Adapted from Miller et al. [1].
CTA, computed tomography angiography; MRA, magnetic resonance angiography; CSF, cerebrospinal fluid.
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rent severe headaches [2,8]. Additionally, CSF analysis and blood 
laboratory tests must be performed to rule out infection or inflam-
mation. 

However, the pathogenesis of RCVS remains unknown. The 
most important hypothesis is an alteration in the autonomic regu-
lation of cerebral vascular tone, which leads to multifocal narrow-
ing of the cerebral arteries and severe headache [1,2]. Another 
proposed mechanism is increased leakage of the blood-brain bar-
rier caused by the disruption of arterial tone; this has been postu-
lated as a hypothesis for PRES, which is present in 25% of pediat-
ric RCVS patients [2]. Stress or emotional changes that increase 
endogenous catecholamine release are also thought to be related 
to the development of RCVS [2]. 

The most important treatment for RCVS is supportive care 
such as hydration, bed rest, analgesics, blood pressure control, and 
avoiding triggering factors [7]. Calcium channel blockers are the 
most commonly used medications for vasodilation in the acute 
phase of RCVS [7]. Our patient was treated with flunarizine, a cal-
cium channel antagonist, which showed good efficacy in con-
trolling headaches. The recommended duration of oral medication 
is typically 2 to 3 months [7]. Some experts suggest that support-
ive care without pharmacotherapy, such as calcium channel block-
ers, may be sufficient to manage RCVS, because most patients gen-
erally have a benign clinical course without neurological complica-
tions [7]. More than 90% of patients with RCVS have a favorable 
prognosis, with a monophasic pattern [2,7]. However, major neu-
rological complications, including stroke, intracranial hemorrhage, 
and PRES, can occur, particularly in patients with specific comor-
bidities, such as hemolytic uremic syndrome, systemic lupus ery-
thematosus, and sickle cell disease [2,7]. Therefore, close monitor-
ing and follow-up are necessary in pediatric patients with RCVS 
associated with hematologic or rheumatologic diseases. 

In conclusion, this case report describes the first case of a healthy 
Korean child with RCVS. Although pediatric patients with RCVS 
have rarely been reported, RCVS can occur in children and adoles-
cents. Brain MRI and MRA should be performed for children with 
severe and recurrent thunderclap headaches, the most common 
symptom in RCVS. Additionally, MRA can be a useful diagnostic 
tool in pediatric patients with thunderclap headaches and focal 
neurologic deficits such as sensory changes and a decrease in mus-
cle strength and motor tone. Serial neuroimaging may be needed 
because initial imaging can show normal findings in patients with 
RCVS within 1 to 2 weeks of headache onset. Most patients with 
RCVS have a good prognosis, but clinical follow-up is necessary in 
consideration of neurological complications. 
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Letter to the editor

BCL11 transcription factor A (BCL11A)-related 
intellectual disability, also known as Dias-Logan 
syndrome, is a rare autosomal dominant disorder 
caused by heterozygous pathogenic variants in 
the BCL11A gene that shows diverse symptoms 
without developmental regression [1]. The BC-
L11A gene encodes a zinc finger protein that is 
predominantly expressed in brain and hemato-
poietic tissue and works mainly as a transcription-
al repressor, which is crucial to the development 
of the brain and hematopoietic system [2]. Pa-
tients with Dias-Logan syndrome present with 
gross and fine motor delays, growth restriction, 
intellectual disability, seizures, delayed speech and 
language development, autism spectrum disor-
der, and behavioral problems, as well as facial dys-
morphism such as hypertelorism, thin upper lip, 
abnormalities of the external ears, and down 
slanting palpebral fissures [3-5]. 

A 17-year-old male patient was brought to the 
pediatric neurology clinic at 13 months of age 
with developmental delay. He was able to keep 
his head steady, starting from 5 to 6 months of 
age, and could not sit alone or crawl until 13 
months. He was born by cesarean section with a 
birth weight of 2.55 kg and a gestational age of 38 
weeks and 4 days. Delays in gross and fine motor 
skills, as well as language skills, were found. The 

serum creatine kinase level (149 IU/L; normal 
range, 26 to 174) and thyroid function test 
(triiodothyronine, 126.14 ng/dL; free thyroxine, 
1.45 ng/dL; and thyroid-stimulating hormone, 
3.68 μIU/mL) were normal. A conventional 
chromosomal study, metabolic screening test us-
ing tandem mass screening, and a genetic test for 
Fragile X syndrome were all normal. A Bayley 
scale assessment, which was conducted at 14 
months of chronological age, showed a develop-
mental age of 6 months in both cognitive and 
motor skills. He also showed delays in speech 
and language development. He was not able to 
speak or pronounce words, even including 
“mama” and “papa,” at the age of 25 months. A 
follow-up Bayley test that was performed at 25 
months of age still showed severe developmental 
delays, with a mental developmental age of 7 
months and a motor developmental age of 8 
months. Brain magnetic resonance imaging per-
formed at 29 months showed mild dilatation of 
the left lateral ventricle with slightly decreased 
white matter volume in the peri-trigonal area and 
thinning of the corpus callosum in the posterior 
portion (Fig. 1A). He was able to walk inde-
pendently at 3 years of age. He also showed signs 
of aggression to strangers, making repetitive low-
pitched sounds and inappropriate laughing, and 
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micrognathia. Electroencephalography showed intermittent bi-
frontal spike or sharp wave discharges, highly suggestive of focal 
seizure disorder (Fig. 1B). After adding oxcarbazepine, his seizure 
episodes declined in number. He has one older brother with intel-
lectual disability. However, his brother did not have a history of sei-
zures. Both parents were healthy, without neurologic problems. 
Whole-exome sequencing was performed under the impression of 
epileptic encephalopathy. Genomic DNA was extracted from a 
buccal swab sample of the patient. All exon regions of all human 
genes (~22,000) were captured using a Twist Human Core Exome 
Kit (Twist Bioscience, South San Francisco, CA, USA). The cap-
tured regions of the genome were sequenced with an Illumina (San 
Diego, CA, USA) sequencing machine (Novaseq 6000). The raw 
genome sequencing data analysis, including alignment to the 
GRCh37/hg19 human reference genome, variant calling and an-
notation, was conducted with open-source bioinformatics tools 
and in-house software (https://pubmed.ncbi.nlm.nih.gov/3290 
1917/). A heterozygous variant was detected in the BCL11A gene 
(NM_02293.3:c. 1230C > A). The substitution generated a non-
sense variant at codon 410 in exon 4 (p.Cys410Ter) (Fig. 2), which 
is expected to cause a loss of normal protein function through non-
sense-mediated mRNA decay. It has not been reported in large 
population cohorts (https://gnomad.broadinstitute.org/). This 
variant is classified as a likely pathogenic variant according to 
the recommendation of the American College of Medical Genetics 
and Genomics (ACMG)/Association for Molecular Pathology 
(AMP) guideline (https://pubmed.ncbi.nlm.nih.gov/25741868/). 
A segregation study was performed, including the patient’s father, 
mother, and brother. They did not have the same variant in the 
BCL11A gene (Fig. 2). He was diagnosed with Dias-Logan syn-
drome caused by a novel nonsense variant in the BCL11A gene, 
using whole-exome sequencing. The patient’s complete blood 
count was normal, and the hemoglobin level was 14.6 g/dL. A fur-
ther assessment of fetal hemoglobin was not performed. 

Developmental delay, one of the major chief complaints for pe-
diatric patients, has numerous causes, including birth asphyxia, 
metabolic diseases, trauma, and specific genetic defects. Seizure is 
one of the common characteristics that can accompany develop-
mental delay. According to the World Health Organization Inter-
national Classification of Diseases, 11th revision classification, dis-
orders of intellectual development are a group of etiologically di-
verse conditions originating during the developmental period 
characterized by significantly below average intellectual function-
ing and adaptive behavior that are approximately two or more 
standard deviations below the mean (approximately less than the 
2nd/3rd percentile). The prevalence of intellectual disability was 
estimated to be about 1% in the United States and other developed 

Fig. 1. Magnetic resonance imaging (MRI) and electroencephalography 
(EEG) findings of the patient. (A) MRI showed focal periventricular 
leukomalacia in the left peritrigonal area and thinning of the posterior 
portion of the corpus callosum. (B) EEG showed intermittent bifrontal 
spike or sharp wave discharges and rhythmic bifrontal slow delta 
activities.

AA

BB

hyperactive motions such as uncontrollable running. He started 
taking medications for psychiatric symptoms at the department of 
psychiatry. 

At the age of 13 years, the patient was referred to the pediatric 
neurology clinic due to recurrent seizures manifested by suddenly 
falling backward and hyperkinetic movements. On a physical ex-
amination, the patient’s facial features showed hypertelorism, 
downward slanting of both palpebral fissures, arched dark eye-
brows, flat midface, thin upper lip and thick everted lower lip, and 
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countries, with the highest frequency reported in children and ad-
olescents [6]. 

More than 820 genes are currently known to be associated with 
diverse childhood neurodevelopmental disorders involving intel-
lectual disability [4]. Remarkable advances in genetics have re-
vealed diverse genes associated with intellectual disability and epi-
lepsy. SCN1A, KCNQ2, ATP1A2, KCNA1, STXBP1, SHANK3, 
SYNGAP1, CDKL5, SLC2A1, and PCDH19 are some of the genes 
already known to function at ion channels, synapse, protein kinase, 
cell metabolism and cell-cell interaction [7]. The transcription fac-
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Fig. 2. Sequencing results. (A) A heterozygous variant in the 
BCL11 transcription factor A (BCL11A) gene (c.1230C>A, 
p.Cys410Ter) was detected in the patient. The variation was not 
present in other family members, including (B) his father, (C) 
mother, and (D) brother.

tor B-cell lymphoma/leukemia (BCL11A) gene encodes a Krüp-
pel zinc finger protein that regulates transcription by interacting 
with chicken ovalbumin upstream promoter transcription factor 
(COUP-TF) proteins and/or sequence-depending DNA binding 
[1]. Tolve et al. [8] reported that the BCL11A transcription factor 
is expressed in midbrain dopaminergic neurons in the developing 
and adult murine brain, and in pluripotent-stem-cell-derived hu-
man midbrain dopaminergic neurons. Murine-based studies have 
shown that the BCL11A gene is a key regulator in neurite arboriza-
tion, and its proper expression is required for the development of 
neuronal networks [9]. The BCL11A gene is especially highly ex-
pressed in the cortex, caudate, hippocampus, and putamen of the 
fetal brain [2,8]. BCL11A expression is also high at the embryonic 
stage, gradually decreasing during development, and inappropriate 
BCL11A expression may hamper neural network construction, 
impair cognition, induce intellectual disability, and evoke epilepsy 
[10]. Dias et al. [4] reported 11 different mutations (three mis-
sense and eight nonsense/frameshift mutations) identified in the 
BCL11A gene. Our patient’s heterozygous variant (c.1230C > A, p.
Cys410Ter) in BCL11A was a novel finding. Dias et al. [4] also re-
ported the clinical features of Dias-Logan syndrome, including in-
tellectual disability, language delay, strabismus, flat midface, and 
thin upper lip among 11 patients. The clinical features of our case 
were compared with the features previously reported in Dias-Lo-
gan syndrome patients (Table 1).  

As in our case, previously described patients with Dias-Logan 
syndrome presented multiple clinical problems such as epilepsy, 
intellectual disability, and inappropriate behavior. Therefore, a 

Table 1. Clinical features of the patient presented herein compared 
with those of previously reported Dias-Logan syndrome patients

Clinical features
Eleven patients  
described by  
Dias et al. [4]

The patient  
in this  

case report
Global developmental delay/ 

Intellectual disability
10/10 +

Language delay 10/10 +
Strabismus 8/8 –
Thin upper lip 7/8 –
Joint hypermobility 7/8 –
Everted lower lip 6/8 –
Flat midface 6/8 –
Behavior problems 6/9 +
Abnormal external ears 5/8 –
Microcephaly 5/9 –
Down-slanting palpebral fissures 4/8 +
Blue sclerae in infancy 3/9 –
Autism spectrum disorder 3/10 +
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multidisciplinary approach should be implemented, with age-spe-
cific supportive care. We also suggest that the BCL11A gene should 
be considered as a genetic cause of epileptic encephalopathy. 

This case was reviewed and approved by the Institutional Re-
view Board of Dankook University Hospital (IRB No. 2022-08-
009). The requirement of informed consent for this retrospective 
study was waived by the board. 
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Letter to the editor

Myelin oligodendrocyte glycoprotein (MOG) is 
an essential component of oligodendrocyte sur-
face membranes [1]. Numerous studies have im-
plicated MOG in immune-mediated demyelinat-
ing diseases, including acute disseminated en-
cephalomyelitis, optic neuritis, and transverse 
myelitis [2]. However, MOG antibody-associated 
diseases are not limited to demyelinating syn-
dromes. Cerebral cortical encephalitis (CCE), 
first described by Ogawa et al. [2] in 2017, is a 
newly identified phenotype of MOG anti-
body-associated disease. Common symptoms of 
anti-MOG-associated CCE include seizures, 
headache, encephalitic features, and cortical 
symptoms, such as paresis [2]. Unilateral cortical 
hyperintensities on T2-weighted fluid-attenuated 
inversion recovery (T2-FLAIR) sequences are a 
characteristic finding of this phenotype [2]. Viral 
encephalitis [3], small-vessel vasculitis [4], and 
hemiplegic migraine [5] should be ruled out, but 
doing so poses challenges. Furthermore, numer-
ous magnetic resonance imaging (MRI) findings, 
apart from isolated cortical hyperintensities, have 
also been reported in anti-MOG-associated en-
cephalitis [6]. Thus, clinicians need to maintain a 
high index of suspicion for anti-MOG-associated 
disease when faced with an unusual presentation 

of encephalitic pathologies, such as unilateral 
headache with or without transient hemiparesis. 
Here, we report the diagnostic journey of a girl 
who was ultimately diagnosed with anti-MOG- 
associated-CCE. She had two discrete encephalit-
ic episodes 1.5 years apart: the first episode was 
initially diagnosed as Epstein-Barr virus (EBV) 
encephalitis and the second was presumed to be a 
hemiplegic migraine. 

The patient was first admitted at the age of 9 
years with headache and repeated seizures. Focal 
seizures arising from the left side evolved into bi-
lateral tonic-clonic seizures. Ipsilateral weakness 
and paresthesia persisted for several hours follow-
ing the seizures. Irritability, aggressive behavior, 
and severe headaches on the right side of the head 
were noted. Three days prior to the onset of sei-
zures, she had visited the outpatient clinic due to 
a headache that lasted 2 weeks. This moderate to 
severe headache lasted all day, accompanied by 
vomiting, but improved after sleeping. No focal 
neurological deficits were noted. Brain MRI and 
magnetic resonance angiography (MRA) were 
performed after admission. No abnormality was 
found on MRA, while sulcal hyperintensity in the 
right frontoparietal lobes was revealed on MRI 
(Fig. 1A-D). Subtle cortical hyperintensity was 
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observed on T2-FLAIR sequences, but not on diffusion-weighted 
imaging. Cerebrospinal fluid (CSF) analysis revealed lympho-
cyte-predominant mild pleocytosis: white blood cell (WBC) 
count, 65/mm3; lymphocyte percentage, 87%; red blood cell 
count, 20/mm3; glucose, 63 mg/dL; and protein, 37 mg/dL. The 
blood WBC count was slightly elevated, at 13,370/mm3, with neu-
trophil predominance (68%). All other laboratory findings were 
normal. Intravenous cefotaxime and acyclovir were administered 
until central nervous system (CNS) infection was ruled out. Intra-

venous immunoglobulin and high-dose steroids (30 mg/kg/day 
for 3 days) were also administered due to the possibility of autoim-
mune encephalitis since the disease course progressed over 2 
weeks without fever. After admission, there were no seizures, and 
the headache gradually improved. On day 4, EBV was detected in 
the CSF specimen; however, there were no other findings suggest-
ing infectious mononucleosis. Immunoglobulin G against the viral 
capsid antigen (VCA), Epstein-Barr nuclear antigen, and Ep-
stein-Barr early antigen were all positive, but immunoglobulin M 

Fig. 1. Magnetic resonance imaging findings over the two episodes. Images from the initial episode (A-D) and the second episode (E-
R). During the second episode, three series of images were obtained: the first images were obtained to investigate the cause of several 
days of severe headache (E-H), the second set was obtained due to transient hemiparesis that occurred the next day (I-M), and the 
third set was to investigate the severe headache and aggressive behavior that recurred on day 13 of symptom onset (N-R). In all fluid-
attenuated inversion recovery (FLAIR) images, hyperintensities were visible in the sulci and cortical regions (A, B, E, F, I, J, N, O): in the 
first set of images from the second episode (E-H), the hyperintensities (E, F) and gadolinium enhancement (H) were subtle in the left 
parieto-occipital regions but became more evident the next day, following onset of right hemiparesis (I, J, L). In the third set (N-R), sulcal 
hyperintensities (N, O) and contrast enhancement (Q) diminished, but the cortical signal slightly increased in the FLAIR sequence (N, O). 
Corresponding diffusion-restricted images were obtained following the onset of hemiparesis during the second episode (K). Perfusion 
in the corresponding area decreased after hemiparesis (M), but increased when headache and aggressive behavior reappeared without 
hemiparesis (R).
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against VCA was negative. Therefore, although the diagnosis of 
EBV encephalitis was uncertain, acyclovir was continued for 2 
weeks due to lack of an alternative diagnosis. The patient recovered 
fully and was discharged. No positive results were reported in the 
autoimmune encephalitis panel after discharge (six neuronal anti-
bodies including anti-N-methyl-D-aspartate receptor, anti-α-ami-
no-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor, an-
ti-dipeptidyl peptidase-like protein-6, anti-leucine-rich glioma-in-
activated 1, anti-contactin-associated protein-like 2, and anti-γ-am-
inobutyric acid type-B receptor antibodies). She was well, without 
severe headaches or seizures, until the second episode. 

One and a half years later, the patient again visited the outpatient 
clinic because of a headache lasting 2 to 3 days. The headache was 
severe on the left temporal side, had a pulsating nature, and lasted 
almost all day. It was aggravated by movement. The headache was 
accompanied by nausea and vomiting, but improved after sleeping. 
Initially, migraine was presumed based on a family history of mi-
graine and a normal neurological examination. However, the next 
day, she was admitted to the hospital because of a severe morning 
headache and vomiting. Subtle signal changes were observable in 
the temporoparietal convexity on brain MRI, but were not recog-
nized then (Fig. 1E-H). Brain MRA was normal. The day follow-
ing admission, the patient experienced severe headache with right 
hemiparesis, aphasia, and confusion. Neurologic deficits and con-
sciousness completely recovered after several hours, but she had no 
memory of the episode. Brain MRI was reexamined using a stroke 
protocol. Sulcal hyperintensity in the left Sylvian fissure and tem-
poroparietal convexity with prominent enhancement were noted 
on the T2-FLAIR sequence (Fig. 1I-M). Cortical hyperintensity 
was also observed, but was less evident than the sulcal hyperinten-
sity. Subtle diffusion restriction was observed in the corresponding 
regions. Although perfusion decreased in the involved area, MRA 
was normal. Neither CSF pleocytosis nor fever was observed. The 
headache spontaneously improved, and no pathogens were detect-
ed in the CSF. Thus, flunarizine was prescribed to address the po-
tential hemiplegic migraine, and she was discharged on day 6 after 
admission. After discharge, she was symptom-free for 3 days, but 
visited the hospital again with severe headache, vomiting, and irri-
tability. This time, brain MRI revealed a slight increase in cortical 
hyperintensity; however, the enhancement was weakened. Perfu-
sion increased in corresponding regions (Fig. 1N-R). CSF pleocy-
tosis (WBC count, 21/mm3; lymphocytes, 85%) was observed. 
High-dose steroids (30 mg/kg/day for 3 days) were administered 
as autoimmune encephalitis was suspected. Polymerase chain reac-
tion for human herpesviruses responsible for encephalitis (types 1 
to 6), Gram stains, and culture results were negative using CSF. Af-
ter steroid administration, the symptoms improved rapidly. Fol-

lowing high-dose steroid treatment, 2 mg/kg/day was used for 3 
days and 1 mg/kg/day was used for 3 days. After that, the dose was 
reduced by 5 mg every 3 days for 30 days. On day 7 of steroid treat-
ment, the anti-MOG antibody was reported to be positive (the 
level was 0.95 by a fluorescence-activated cell sorting cell-based ar-
ray using the ratio of positive cells for analysis; > 0.254 was consid-
ered as a positive result). She was discharged without sequelae and 
did not experience recurrence for 6 months. Fig. 2 summarizes the 
patient’s clinical course. 

The two distinct episodes allowed us to diagnose anti-MOG-as-
sociated encephalitis, usually classified as a sub-phenotype of CCE. 
During the first episode, the autoimmune encephalitis panel was 
examined, but MOG antibodies were not included in this panel. 
The MOG antibodies were detected during the second episode; 
however, the autoimmune encephalitis panel was not tested. There 
may be disagreement on the diagnosis of anti-MOG-associated 
encephalitis because of the limited neuro-immunological work-up. 
However, the clinical presentation of the patient was consistent 
with those of previously reported anti-MOG-associated encephali-
tis cases in children [7]. Fever, headache, seizures, focal neurologic 
deficits including motor weakness, and altered mental state are the 
main symptoms of anti-MOG-associated encephalitis; the patient 
had all these symptoms except fever, which was described as oc-
curring in 50%-78% cases of anti-MOG-associated encephalitis 
[6,7]. The MRI findings of our patient were consistent with those 
of anti-MOG-associated unilateral CCE reported by Ogawa et al. 
[2]. Sulcal and cortical hyperintensities were observed in T2-
FLAIR sequences during both episodes, even though the region 
involved seemed to shift. During the second episode, contrast en-
hancement of the leptomeninges was clearly demonstrated. This is 
suggestive of the present case, which also demonstrates a previous-
ly reported pathological finding in anti-MOG-associated encepha-
litis—specifically, lymphocyte infiltration of the subarachnoid 
space [8]. Furthermore, serial brain MRI examinations during the 
second episode revealed important clinical implications. Leptome-
ningeal inflammation was likely to be the initial pathology because 
sulcal hyperintensity and enhancement were prominent at first, 
whereas cortical hyperintensity became evident later. 

MOG antibody testing is infrequently included in the diagnostic 
work-up of patients with suspected autoimmune encephalitis [6]. 
A recent prospective multicenter observational study investigating 
cohorts with acute demyelinating syndrome and encephalitis re-
vealed that anti-MOG antibodies were the most common autoan-
tibodies, surpassing all neuronal antibodies combined in the en-
cephalitis cohort [6]. The researchers of that study underscored 
that many cases of anti-MOG-associated encephalitis would have 
been misdiagnosed if not for the prospective study design. Our 
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case strengthens this observation. The first episode of the present 
case was initially diagnosed as EBV encephalitis due to lympho-
cyte-predominant-pleocytosis coupled with EBV detection in CSF 
and findings suggestive of leptomeningeal inflammation. However, 
since the patient presented with a headache that progressed over 2 
weeks without fever, an autoimmune condition rather than an 
acute viral infection of the CNS should have been suspected. Our 
case suggests that anti-MOG antibodies should be included in the 
evaluation of encephalitis with an unusual presentation, even if a 
pathogen is detected. 

The second episode was considered a hemiplegic migraine until 
the anti-MOG antibody was detected. The symptoms did meet 
the diagnostic criteria for hemiplegic migraine, including severe 
pulsating unilateral headache, transient paresis, and aphasia. Fur-
thermore, hypoperfusion on the contralateral side of the hemipare-
sis was also suggestive of a hemiplegic migraine [9]. However, we 
needed to consider the MRI findings together, including the ob-
served sulcal hyperintensity and enhancement. Matoba et al. [10] 
also reported a case of anti-MOG-associated CCE mimicking 

hemiplegic migraine. These findings suggest that some patients di-
agnosed with hemiplegic migraine may have anti-MOG antibod-
ies. Hypoperfusion observed immediately after hemiparesis could 
be a post-ictal change, considering the hyperperfusion seen after 
paresis recovery. 

The present case emphasizes that anti-MOG antibodies should 
be included in the diagnostic process for unexplained migraine-like 
headaches, as well as encephalitis. 

This study was approved by the Institutional Review Board of 
Gyeongsang National University of Hospital, Jinju, Korea (IRB 
No. GNUH 2022-08-015). Informed consent was waived by the 
board.

Conflicts of interest

No potential conflict of interest relevant to this article was report-
ed. 

Fig. 2. Summary of the hospital course. IVIG, intravenous immunoglobulin; HD, hospital day; MRI, magnetic resonance imaging; CSF, 
cerebrospinal fluid; WBC, white blood cell; RBC, red blood cell; PCR, polymerase chain reaction; EBV, Epstein-Barr virus; VCA, capsular 
antigen; Ig, immunoglobulin; EA, early antigen; EBNA, Epstein-Barr nuclear antigen; anti-MOG Ab, anti-myelin oligodendrocyte 
glycoprotein antibody.
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laboratory values should be displayed in International System 
of Units (SI).

8) The number of pages of manuscripts of reviews and original 
articles has no limitation but no more than 10 printed pages 
are recommended. Letters to editor should be written in a 
maximum of 3 printed pages.

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

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

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

Title page
The tile page should contain the following information: (1) title; 
(2) author list (full names of authors); (3) name of the institutions 
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
References should be cited with Arabic numerals in square 
brackets. References are numbered consecutively in order of 
appearance in text. References are limited to those cited in text and 
listed in numerical order. 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 
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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 
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, 20 
for brief communications, 150 for reviews, and 10 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 
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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.

4. Other types of manuscripts
All other types of manuscripts should meet the above mentioned 
requirements.

1) Brief communications
Brief communications should include a concise and timely 
original research, a preliminary study, and significant material for 
rapid dissemination. It should contain a structured abstract (no 
more than 150 words), main text (less than 2,000 words), no 
more than 3 illustrations (figure or table), and no more than 20 
references. The main text should be written under the heading 
“Findings”. Subheadings should not be used but the text should 
chronologically consist of a short background, aim, materials and 
methods, a short and focused discussion and a brief conclusion 
(but without including subheadings). Supplementary materials 
can be published online. 

2) Reviews 
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.

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

4) 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 
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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.
Who is responsible to resolve and handle complaints and appeals?
The Editor, Editorial Board, or Editorial Office is responsible for 
them. A legal consultant or ethics editor may be able to help with 
the decision making.

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

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

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

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

Further information

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

Editor-in-Chief: Soonhak Kwon, MD
E-mail: editor@annchilneurol.org
Telephone: +82-2-2019-3350

ix



The transfer of copyright from author to the Korean Child Neurology Society 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:
1. I hereby warrant that this Article is an original work, has not been published before and is not being considered for publication 

elsewhere in its final form either in printed or electronic form,
2. I hereby warrant that I have obtained permission from the copyright holder to reproduce in the Article (in all media including print and 

electronic form) material not owned by me, and that I have acknowledged the source;
3. I hereby warrant that this Article contains no violation of any existing copyright or other third party right or any material of an obscene, 

indecent, libellous or otherwise unlawful nature and that to the best of my knowledge this Article does not infringe the rights of others;
4. I hereby warrant that in the case of a multi-authored Article you have obtained, in writing, authorization to enter into this Agreement on 

their behalf and that all co-authors have read and agreed the terms of this Agreement;
5. I will indemnify and keep indemnified the Editors, Annals of Child Neurology against all claims and expenses (including legal costs and 

expenses) arising from any breach of this warranty and the other warranties on my behalf in 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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에브리스디Ⓡ 건조시럽
[원료약품 및 그 분량] 이 약 1병(2000.00mg) 중 유효성분: 리스디플람… 60.00mg [성상] 갈색 유리병에 든 분말 또는 덩어리가 있거나 고화된 분말 [효능·효과] 5q 척수성 근위축증의 치료 [용법·용량] 이 약은 투여하기 전 의료전문가가 조제해야 한다. 척수성 근위축증의 치료는 진단 후 가능

한 빨리 시작되어야 한다. 이 약은 1일 1회, 식후(또는 모유 수유 이후), 가능하면 매일 같은 시간(예; 아침)에 제공된 경구용 주사기를 이용하여 투여한다. 척수성 근위축증 환자에 대한 1일 권장 용량은 연령 및 체중에 따라 결정된다. (생후 16일 이상 2개월 미만 : 0.15mg/kg, 2개월 이상 만 2세 미만 : 

0.20mg/kg, 2세 이상(20kg 미만) : 0.25mg/kg, 2세 이상(20kg 이상) : 5mg, 조산아에 대해서는 교정 연령 기준을 따른다.) 용량 변경은 의료전문가의 감독 하에 이루어져야 한다. 1일 용량 5mg 초과 투여에 대해서는 연구되지 않았다. 생후 16일 미만의 소아에 대한 자료는 없다. [투여 방법] 이 약의 1

일 용량을 투여하기 위해 제공된 재사용 가능한 경구용 주사기를 이용한다. 첫 용량 투여 전에 의료전문가가 환자나 보호자에게 처방된 1일 용량을 준비하는 방법을 설명하는 것을 권장한다. 이 약을 복용한 후 완전히 삼킨 것을 확실히 하기 위해 물을 마셔야 한다. 환자가 삼킬 수 없거나 비강 영양 튜

브 또는 위 절개 튜브를 이용하는 경우 튜브를 통해 투여한다. 이 약을 투여한 후 튜브는 물로 씻어낸다. [투여일이 지났거나 놓친 경우] 이 약의 투여를 놓쳤을 때, 예정된 투여 시간으로부터 6시간 이내인 경우에는 가능한 빨리 투여하고, 예정된 투여 시간으로부터 6시간이 지난 경우에는 놓친 투여를 

생략하고 다음날 예정된 투여 시간에 다음 용량을 투여한다. 이 약을 투여한 후 투여한 용량을 완전히 삼키지 않았거나 구토한 경우, 불완전한 투여량을 보충하기 위한 추가 투여를 하지 않으며 다음날 예정된 투여 시간에 그 다음 용량을 투여한다. [사용상의 주의사항] 1. 다음 환자에는 투여하지 말 것 

이 약의 유효성분 또는 구성성분에 과민반응이 있는 환자 2. 이상반응 임상시험 1) 안전성 프로파일 요약 이 약의 안전성 프로파일은 3건의 임상시험(FIREFISH, SUNFISH, RAINBOWFISH)을 근거로 한다. FIREFISH 연구는 2개의 파트로 구성된 공개 라벨 임상시험으로, 생후 2.2개월에서 6.9개월까

지의 영아기 발현 척수성 근위축증 환자 62명을 대상으로 한다. 파트 2에 참여한 41명의 환자에서 10% 이상 관찰된 이상 사례는 상기도감염(46.3%), 폐렴(39.0%), 발열(39.0%), 변비(19.5%), 비인두염(12.2%), 비염(12.2%)이다. SUNFISH 연구는 2개의 파트로 구성되었으며 2-25세의 후기 발현 척

수성 근위축증 환자를 대상으로 한다. 파트 2에 참여한 179명의 환자에서 15% 이상 관찰된 이상 사례는 상기도감염(28.5%), 비인두염(26.8%), 두통(19.6%), 발열(18.4%), 설사(16.8%), 구토(16.2%)이다. 약물이상반응인 설사와 발진은 영아기 발현 및 후기 발현 척수성 근위축증환자에서 식별 가능

한 시간이나 임상적 패턴 없이 발생했으며, 이 약으로 치료를 계속 진행했음에도 불구하고 회복되었다. RAINBOWFISH 연구는 공개 라벨, 단일군으로 구성된 임상시험이다. 중간 분석 당시, 이 연구에는 첫번째 투여 시점의 연령이 생후 16일에서 40일 사이(체중 범위: 3.1~5.7kg)인 증상 발현 전 척수

성 근위축증 환자 18명이 등록했다. 증상 발현 전 환자에서 이 약의 안전성 프로파일은 증상을 보이는 척수성 근위축증 환자에서의 안전성 프로파일과 일치하였다. 3. 임부에 대한 투여 1) 임부 이 약은 배태자 독성과 최기형성이 동물에서 나타났다. 동물 실험 결과에 따르면, 이 약은 태반 장벽을 통과

하며 태아에게 해로울 수 있다. 임부에 대한 이익이 태아에 대한 잠재적 위험성을 상회하지 않는다면 이 약은 임부에서 사용해서는 안된다. 출산 중 이 약의 안전한 사용에 대해서는 알려지지 않았다. ② 피임 가임 남성 환자와 여성 환자는 다음의 피임 요건을 준수해야 한다. •임신 가능성이 있는 여성 

환자는 치료 기간과 마지막 투여 후 적어도 1개월 동안 효과적인 피임법을 사용해야 한다.•임신 가능성이 있는 여성과 파트너인 남성 환자 모두 치료 기간과 마지막 투여 후 적어도 4개월동안 효과적인 피임법을 사용해야 한다. 4. 소아에 대한 투여 생후 16일 미만의 소아 환자에서 이 약에 대한 안전

성 및 유효성은 확립되지 않았다. 교정 연령이 생후 16일 미만인 조산아에서 이 약에 대한 안전성 및 유효성은 확립되지 않았다. 5. 전문가를 위한 정보 1) 독성시험 정보 ① 망막 구조에 대한 영향 원숭이에서 이 약의 만성 치료는 망막의 주변에서 시작되는 광수용체 변성 측면에서 망막에 대한 영향에 

대한 증거를 산출했다. 치료 중단 시, 망막도에 대한 영향은 부분적으로 가역적이지만, 광수용체 변성은 가역적이지 않았다.이 영향은 이 약이 사용된 임상 용량에서 명확한 NOAEL을 가진다. 사람 치료 용량 노출의 2 배를 초과하는 노출에서 영향이 나타났다. 정기적인 안과 모니터링(SD OCT 및 시각 

기능 평가 포함)을 한 척수성 근위축증 환자의 임상 시험에서도 이러한 결과가 관찰되지 않았다. Version: Evrysdi-2022-09-14-1.0

*보다 자세한 제품 문의 및 제품 관련 부작용 보고는 (주)한국로슈 (02-3451-3600) 로 연락 주시기 바랍니다.  *가장 최신 제품정보는 ㈜한국로슈 홈페이지 (www.roche.co.kr)에서 확인하실 수 있습니다.
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에브리스디Ⓡ는 생후 16일 영아부터 25세 성인까지 폭 넓은 연령대의 환자에서 

운동기능 개선 효과 및 안전성 프로파일을 확인하였습니다.1

MOVING AHEAD
Evrysdi® keeps working, so we can keep reaching1

Reference 1. 에브리스디건조시럽 제품정보 (Evrysdi-2022-09-14-1.0) 
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에브리스디Ⓡ 건조시럽
[원료약품 및 그 분량] 이 약 1병(2000.00mg) 중 유효성분: 리스디플람… 60.00mg [성상] 갈색 유리병에 든 분말 또는 덩어리가 있거나 고화된 분말 [효능·효과] 5q 척수성 근위축증의 치료 [용법·용량] 이 약은 투여하기 전 의료전문가가 조제해야 한다. 척수성 근위축증의 치료는 진단 후 가능

한 빨리 시작되어야 한다. 이 약은 1일 1회, 식후(또는 모유 수유 이후), 가능하면 매일 같은 시간(예; 아침)에 제공된 경구용 주사기를 이용하여 투여한다. 척수성 근위축증 환자에 대한 1일 권장 용량은 연령 및 체중에 따라 결정된다. (생후 16일 이상 2개월 미만 : 0.15mg/kg, 2개월 이상 만 2세 미만 : 

0.20mg/kg, 2세 이상(20kg 미만) : 0.25mg/kg, 2세 이상(20kg 이상) : 5mg, 조산아에 대해서는 교정 연령 기준을 따른다.) 용량 변경은 의료전문가의 감독 하에 이루어져야 한다. 1일 용량 5mg 초과 투여에 대해서는 연구되지 않았다. 생후 16일 미만의 소아에 대한 자료는 없다. [투여 방법] 이 약의 1

일 용량을 투여하기 위해 제공된 재사용 가능한 경구용 주사기를 이용한다. 첫 용량 투여 전에 의료전문가가 환자나 보호자에게 처방된 1일 용량을 준비하는 방법을 설명하는 것을 권장한다. 이 약을 복용한 후 완전히 삼킨 것을 확실히 하기 위해 물을 마셔야 한다. 환자가 삼킬 수 없거나 비강 영양 튜

브 또는 위 절개 튜브를 이용하는 경우 튜브를 통해 투여한다. 이 약을 투여한 후 튜브는 물로 씻어낸다. [투여일이 지났거나 놓친 경우] 이 약의 투여를 놓쳤을 때, 예정된 투여 시간으로부터 6시간 이내인 경우에는 가능한 빨리 투여하고, 예정된 투여 시간으로부터 6시간이 지난 경우에는 놓친 투여를 

생략하고 다음날 예정된 투여 시간에 다음 용량을 투여한다. 이 약을 투여한 후 투여한 용량을 완전히 삼키지 않았거나 구토한 경우, 불완전한 투여량을 보충하기 위한 추가 투여를 하지 않으며 다음날 예정된 투여 시간에 그 다음 용량을 투여한다. [사용상의 주의사항] 1. 다음 환자에는 투여하지 말 것 

이 약의 유효성분 또는 구성성분에 과민반응이 있는 환자 2. 이상반응 임상시험 1) 안전성 프로파일 요약 이 약의 안전성 프로파일은 3건의 임상시험(FIREFISH, SUNFISH, RAINBOWFISH)을 근거로 한다. FIREFISH 연구는 2개의 파트로 구성된 공개 라벨 임상시험으로, 생후 2.2개월에서 6.9개월까

지의 영아기 발현 척수성 근위축증 환자 62명을 대상으로 한다. 파트 2에 참여한 41명의 환자에서 10% 이상 관찰된 이상 사례는 상기도감염(46.3%), 폐렴(39.0%), 발열(39.0%), 변비(19.5%), 비인두염(12.2%), 비염(12.2%)이다. SUNFISH 연구는 2개의 파트로 구성되었으며 2-25세의 후기 발현 척

수성 근위축증 환자를 대상으로 한다. 파트 2에 참여한 179명의 환자에서 15% 이상 관찰된 이상 사례는 상기도감염(28.5%), 비인두염(26.8%), 두통(19.6%), 발열(18.4%), 설사(16.8%), 구토(16.2%)이다. 약물이상반응인 설사와 발진은 영아기 발현 및 후기 발현 척수성 근위축증환자에서 식별 가능

한 시간이나 임상적 패턴 없이 발생했으며, 이 약으로 치료를 계속 진행했음에도 불구하고 회복되었다. RAINBOWFISH 연구는 공개 라벨, 단일군으로 구성된 임상시험이다. 중간 분석 당시, 이 연구에는 첫번째 투여 시점의 연령이 생후 16일에서 40일 사이(체중 범위: 3.1~5.7kg)인 증상 발현 전 척수

성 근위축증 환자 18명이 등록했다. 증상 발현 전 환자에서 이 약의 안전성 프로파일은 증상을 보이는 척수성 근위축증 환자에서의 안전성 프로파일과 일치하였다. 3. 임부에 대한 투여 1) 임부 이 약은 배태자 독성과 최기형성이 동물에서 나타났다. 동물 실험 결과에 따르면, 이 약은 태반 장벽을 통과

하며 태아에게 해로울 수 있다. 임부에 대한 이익이 태아에 대한 잠재적 위험성을 상회하지 않는다면 이 약은 임부에서 사용해서는 안된다. 출산 중 이 약의 안전한 사용에 대해서는 알려지지 않았다. ② 피임 가임 남성 환자와 여성 환자는 다음의 피임 요건을 준수해야 한다. •임신 가능성이 있는 여성 

환자는 치료 기간과 마지막 투여 후 적어도 1개월 동안 효과적인 피임법을 사용해야 한다.•임신 가능성이 있는 여성과 파트너인 남성 환자 모두 치료 기간과 마지막 투여 후 적어도 4개월동안 효과적인 피임법을 사용해야 한다. 4. 소아에 대한 투여 생후 16일 미만의 소아 환자에서 이 약에 대한 안전

성 및 유효성은 확립되지 않았다. 교정 연령이 생후 16일 미만인 조산아에서 이 약에 대한 안전성 및 유효성은 확립되지 않았다. 5. 전문가를 위한 정보 1) 독성시험 정보 ① 망막 구조에 대한 영향 원숭이에서 이 약의 만성 치료는 망막의 주변에서 시작되는 광수용체 변성 측면에서 망막에 대한 영향에 

대한 증거를 산출했다. 치료 중단 시, 망막도에 대한 영향은 부분적으로 가역적이지만, 광수용체 변성은 가역적이지 않았다.이 영향은 이 약이 사용된 임상 용량에서 명확한 NOAEL을 가진다. 사람 치료 용량 노출의 2 배를 초과하는 노출에서 영향이 나타났다. 정기적인 안과 모니터링(SD OCT 및 시각 

기능 평가 포함)을 한 척수성 근위축증 환자의 임상 시험에서도 이러한 결과가 관찰되지 않았다. Version: Evrysdi-2022-09-14-1.0

*보다 자세한 제품 문의 및 제품 관련 부작용 보고는 (주)한국로슈 (02-3451-3600) 로 연락 주시기 바랍니다.  *가장 최신 제품정보는 ㈜한국로슈 홈페이지 (www.roche.co.kr)에서 확인하실 수 있습니다.
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에브리스디Ⓡ는 생후 16일 영아부터 25세 성인까지 폭 넓은 연령대의 환자에서 

운동기능 개선 효과 및 안전성 프로파일을 확인하였습니다.1

MOVING AHEAD
Evrysdi® keeps working, so we can keep reaching1

Reference 1. 에브리스디건조시럽 제품정보 (Evrysdi-2022-09-14-1.0) 
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에브리스디Ⓡ 건조시럽
[원료약품 및 그 분량] 이 약 1병(2000.00mg) 중 유효성분: 리스디플람… 60.00mg [성상] 갈색 유리병에 든 분말 또는 덩어리가 있거나 고화된 분말 [효능·효과] 5q 척수성 근위축증의 치료 [용법·용량] 이 약은 투여하기 전 의료전문가가 조제해야 한다. 척수성 근위축증의 치료는 진단 후 가능

한 빨리 시작되어야 한다. 이 약은 1일 1회, 식후(또는 모유 수유 이후), 가능하면 매일 같은 시간(예; 아침)에 제공된 경구용 주사기를 이용하여 투여한다. 척수성 근위축증 환자에 대한 1일 권장 용량은 연령 및 체중에 따라 결정된다. (생후 16일 이상 2개월 미만 : 0.15mg/kg, 2개월 이상 만 2세 미만 : 

0.20mg/kg, 2세 이상(20kg 미만) : 0.25mg/kg, 2세 이상(20kg 이상) : 5mg, 조산아에 대해서는 교정 연령 기준을 따른다.) 용량 변경은 의료전문가의 감독 하에 이루어져야 한다. 1일 용량 5mg 초과 투여에 대해서는 연구되지 않았다. 생후 16일 미만의 소아에 대한 자료는 없다. [투여 방법] 이 약의 1

일 용량을 투여하기 위해 제공된 재사용 가능한 경구용 주사기를 이용한다. 첫 용량 투여 전에 의료전문가가 환자나 보호자에게 처방된 1일 용량을 준비하는 방법을 설명하는 것을 권장한다. 이 약을 복용한 후 완전히 삼킨 것을 확실히 하기 위해 물을 마셔야 한다. 환자가 삼킬 수 없거나 비강 영양 튜

브 또는 위 절개 튜브를 이용하는 경우 튜브를 통해 투여한다. 이 약을 투여한 후 튜브는 물로 씻어낸다. [투여일이 지났거나 놓친 경우] 이 약의 투여를 놓쳤을 때, 예정된 투여 시간으로부터 6시간 이내인 경우에는 가능한 빨리 투여하고, 예정된 투여 시간으로부터 6시간이 지난 경우에는 놓친 투여를 

생략하고 다음날 예정된 투여 시간에 다음 용량을 투여한다. 이 약을 투여한 후 투여한 용량을 완전히 삼키지 않았거나 구토한 경우, 불완전한 투여량을 보충하기 위한 추가 투여를 하지 않으며 다음날 예정된 투여 시간에 그 다음 용량을 투여한다. [사용상의 주의사항] 1. 다음 환자에는 투여하지 말 것 

이 약의 유효성분 또는 구성성분에 과민반응이 있는 환자 2. 이상반응 임상시험 1) 안전성 프로파일 요약 이 약의 안전성 프로파일은 3건의 임상시험(FIREFISH, SUNFISH, RAINBOWFISH)을 근거로 한다. FIREFISH 연구는 2개의 파트로 구성된 공개 라벨 임상시험으로, 생후 2.2개월에서 6.9개월까

지의 영아기 발현 척수성 근위축증 환자 62명을 대상으로 한다. 파트 2에 참여한 41명의 환자에서 10% 이상 관찰된 이상 사례는 상기도감염(46.3%), 폐렴(39.0%), 발열(39.0%), 변비(19.5%), 비인두염(12.2%), 비염(12.2%)이다. SUNFISH 연구는 2개의 파트로 구성되었으며 2-25세의 후기 발현 척

수성 근위축증 환자를 대상으로 한다. 파트 2에 참여한 179명의 환자에서 15% 이상 관찰된 이상 사례는 상기도감염(28.5%), 비인두염(26.8%), 두통(19.6%), 발열(18.4%), 설사(16.8%), 구토(16.2%)이다. 약물이상반응인 설사와 발진은 영아기 발현 및 후기 발현 척수성 근위축증환자에서 식별 가능

한 시간이나 임상적 패턴 없이 발생했으며, 이 약으로 치료를 계속 진행했음에도 불구하고 회복되었다. RAINBOWFISH 연구는 공개 라벨, 단일군으로 구성된 임상시험이다. 중간 분석 당시, 이 연구에는 첫번째 투여 시점의 연령이 생후 16일에서 40일 사이(체중 범위: 3.1~5.7kg)인 증상 발현 전 척수

성 근위축증 환자 18명이 등록했다. 증상 발현 전 환자에서 이 약의 안전성 프로파일은 증상을 보이는 척수성 근위축증 환자에서의 안전성 프로파일과 일치하였다. 3. 임부에 대한 투여 1) 임부 이 약은 배태자 독성과 최기형성이 동물에서 나타났다. 동물 실험 결과에 따르면, 이 약은 태반 장벽을 통과

하며 태아에게 해로울 수 있다. 임부에 대한 이익이 태아에 대한 잠재적 위험성을 상회하지 않는다면 이 약은 임부에서 사용해서는 안된다. 출산 중 이 약의 안전한 사용에 대해서는 알려지지 않았다. ② 피임 가임 남성 환자와 여성 환자는 다음의 피임 요건을 준수해야 한다. •임신 가능성이 있는 여성 

환자는 치료 기간과 마지막 투여 후 적어도 1개월 동안 효과적인 피임법을 사용해야 한다.•임신 가능성이 있는 여성과 파트너인 남성 환자 모두 치료 기간과 마지막 투여 후 적어도 4개월동안 효과적인 피임법을 사용해야 한다. 4. 소아에 대한 투여 생후 16일 미만의 소아 환자에서 이 약에 대한 안전

성 및 유효성은 확립되지 않았다. 교정 연령이 생후 16일 미만인 조산아에서 이 약에 대한 안전성 및 유효성은 확립되지 않았다. 5. 전문가를 위한 정보 1) 독성시험 정보 ① 망막 구조에 대한 영향 원숭이에서 이 약의 만성 치료는 망막의 주변에서 시작되는 광수용체 변성 측면에서 망막에 대한 영향에 

대한 증거를 산출했다. 치료 중단 시, 망막도에 대한 영향은 부분적으로 가역적이지만, 광수용체 변성은 가역적이지 않았다.이 영향은 이 약이 사용된 임상 용량에서 명확한 NOAEL을 가진다. 사람 치료 용량 노출의 2 배를 초과하는 노출에서 영향이 나타났다. 정기적인 안과 모니터링(SD OCT 및 시각 

기능 평가 포함)을 한 척수성 근위축증 환자의 임상 시험에서도 이러한 결과가 관찰되지 않았다. Version: Evrysdi-2022-09-14-1.0

*보다 자세한 제품 문의 및 제품 관련 부작용 보고는 (주)한국로슈 (02-3451-3600) 로 연락 주시기 바랍니다.  *가장 최신 제품정보는 ㈜한국로슈 홈페이지 (www.roche.co.kr)에서 확인하실 수 있습니다.

㈜한국로슈

서울특별시 서초구 서초대로 411. GT Tower(East) 빌딩 17층 Tel 02.3451.3600 / Fax 02.561.7201 / www.roche.co.kr
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에브리스디Ⓡ는 생후 16일 영아부터 25세 성인까지 폭 넓은 연령대의 환자에서 

운동기능 개선 효과 및 안전성 프로파일을 확인하였습니다.1

MOVING AHEAD
Evrysdi® keeps working, so we can keep reaching1

Reference 1. 에브리스디건조시럽 제품정보 (Evrysdi-2022-09-14-1.0) 
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