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넥시움정®20mg, 40mg(에스오메프라졸 마그네슘)  【효능·효과】 1. 위식도 역류질환(GERD) - 미란성 역류식도염의 치료 - 식도염 환자의 재발방지를 위한 장기간 유지요법 - 식도염이 없는 위식도 역류질환의 증상치료요법 2. 헬리코박터필로리 박멸을 위한 항생제 병용요법 - 헬리코박터필로리 양성인 십이
지장궤양의 치료 - 헬리코박터필로리 양성인 소화성궤양 환자의 재발방지 3. 비스테로이드소염진통제(COX-2 비선택성, 선택성) 투여와 관련된 상부 위장관 증상(통증, 불편감, 작열감) 치료의 단기요법  4. 지속적인 비스테로이드소염진통제 투여가 필요한 환자  - 비스테로이드소염진통제 투여와 관련된 위궤
양의 치료 - 비스테로이드소염진통제 투여와 관련된 위궤양 및 십이지장궤양의 예방 5. 졸링거-엘리슨 증후군의 치료 6. 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후의 유지 요법 【용법·용량】 이 약은 물 등의 액체와 함께 삼켜야 하며 씹거나 부수어서는 안된다. 정제를 삼키기 어려운 환
자들은 이 약을 비탄산수 반 컵에 붕해시켜 복용할 수 있다. 다른 음료는 장용피를 용해시킬 수 있으므로 사용해서는 안된다. 정제가 붕해될 때까지 저은 후, 즉시 또는 30분 이내에 씹지 말고 그대로 마시고, 복용한 컵을 비탄산수 반 컵으로 헹구어 이를 다시 마신다. 물에 떠있는 약 알갱이는 복용 중에 씹거나 부
수어서는 안된다. 정제를 삼키지 못하는 환자들은 이 약을 비탄산수에 붕해시킨 후 위장관 튜브를 이용하여 투여할 수 있다. 이 때 선택한 주사기와 튜브에 대한 적합성을 주의깊게 검사하는 것이 중요하다. 위장관 튜브를 이용한 투여방법은 다음과 같다. ① 적합한 주사기에 정제를 넣고 약 25mL의 물과 약 5mL
의 공기로 주사기 안을 채운다. 일부 튜브의 경우 붕해된 알갱이가 튜브를 막지 않도록 하기 위해 50mL의 물이 정제 붕해에 필요한 경우도 있다.  ② 정제를 붕해시키기 위해 즉시 약 2분 동안 주사기를 흔든다. ③ 주사기 끝을 위로 올려서 끝이 막히지 않았는지 확인한다. ④ 끝을 올린 상태에서 주사기를 튜브에 
연결한다. ⑤ 주사기를 흔든 후 그 끝을 아래로 향하게 하여 즉시 튜브에 5~10mL을 주입한다. 주입한 후 주사기 끝을 위로 향하게 하여 주사기를 흔든다. (주사기 끝이 막히지 않도록 하기 위하여 반드시 주사기 끝을 위를 향하도록 올린 상태에서 유지한다.) ⑥ 주사기 끝을 다시 아래로 하여 즉시 5~10mL을 튜
브에 한다. 주사기 안의 약물 투여가 끝날 때까지 이 과정을 반복한다. ⑦ 주사기 안에 침전물이 남아 있을 때에는 주사기에 물 25mL과 공기 5mL을 넣고 ⑤를 반복한다. 튜브에 따라 50mL의 물이 필요한 경우도 있다. 1. 성인 위식도 역류성 질환(GERD) - 미란성 역류식도염의 치료: 4주동안 1일1회, 1회 40mg
을 투여한다. 식도염이 치료되지 않거나 증상이 계속되는 환자의 경우 4주 더 복용한다. - 식도염 환자의 재발 방지를 위한 장기간 유지요법: 1일 1회, 1회 20mg - 식도염이 없는 위식도 역류질환의 증상치료요법: ·1일 1회, 1회 20mg.  4주후에도 증상 조절이 되지 않을 경우 추가 진료가 필요하다. ·일단 증상
이 완화되면 그 후 연속되는 증상은 1일 1회, 1회 20mg을 투여하여 조절한다. ·성인에서, 1일 1회, 1회 20mg을 필요시마다 투여할 수 있다. 비스테로이드소염진통제 투여로 위궤양 및 십이지장궤양의 발현 위험이 높은 환자에게는 연속되는 증상 조절을 위해 필요시마다 투여하는 것을 권장하지 않는다. 2)  헬
리코박터필로리 박멸을 위한 항생제 병용요법 이 약 20mg을 아목시실린 1g, 클래리트로마이신 500mg과 병용하여 1일 2회, 7일간 투여한다. 3)  비스테로이드소염진통제(COX-2 비선택성, 선택성)투여와 관련된 상부 위장관 증상(통증,불편감,작열감) 치료의 단기요법 ·1일1회, 1회 20mg. 4주후에도 증상이 
조절이 되지 않을 경우 추가진료가 필요하다. 4주를 초과하는 임상시험은 실시되지 않았다. 지속적인 비스테로이드소염진통제 투여가 필요한 환자 - 비스테로이드소염진통제 투여와 관련된 위궤양의 치료 : 1일 1회, 1회 20mg. 치료기간은 4~8주이다. - 비스테로이드소염진통제 투여와 관련된 위궤양 및 십이
지장궤양의 예방 : 1일 1회, 1회 20mg. 졸링거-엘리슨 증후군의 치료 권장 초회 용량은 40mg 1일 2회 투여이다. 이후 용량은 환자별로 조절되어야 하며, 임상증상이 있는 동안 치료를 지속해야 한다. 임상자료에 따르면, 대부분의 환자는 1일 80-160mg의 용량에서 조절 가능하다. 1일 80mg 이상의 용량은 1
일 2회로 나누어 복용하도록 한다. 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후의 유지 요법 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후4주 동안 1일 1회, 1회 40mg을 투여한다. 2. 12세 이상의 청소년 위식도 역류성 질환(GERD) - 미란성 역류식도염의 치료: 
4주동안 1일1회, 1회 40mg을 투여한다.  식도염이 치료되지 않거나 증상이 계속되는 환자의 경우 4주 더 복용한다. - 식도염이 없는 위식도 역류질환의 증상치료요법: ·1일 1회, 1회 20mg.  4주후에도 증상 조절이 되지 않을 경우 추가 진료가 필요하다. ·일단 증상이 완화되면 그 후 연속되는 증상은 1일 1회, 
1회 20mg을 투여하여 조절한다. ·성인에서, 1일 1회, 1회 20mg을 필요시마다 투여할 수 있다. 비스테로이드소염진통제 투여로 위궤양 및 십이지장궤양의 발현 위험이 높은 환자에게는 연속되는 증상 조절을 위해 필요시마다 투여하는 것을 권장하지 않는다. 3. 12세 미만의 소아: 이 약을 12세 미만의 소아에 
투여한 경험은 없다. 4. 신기능장애: 용량을 조절할 필요는 없다. 중증의 신부전환자에 투여한 예가 많지 않기 때문에 신중히 투여해야 한다. 5. 간기능장애: 경증-중등도의 간장애 환자에서 용량을 조절할 필요는 없다. 중증 간장애환자의 경우 이 약 20mg 용량을 초과해서는 안된다. 6. 고령자: 용량을 조절할 필
요가 없다. 【사용상 주의사항】 다음 환자에는 투여하지 말 것. 이 약, 이 약의 구성성분 또는 벤즈이미다졸류에 과민반응 및 그 병력이 있는 환자 페니실린계 항생제에 과민반응 환자(헬리코박터필로리 박멸을 위해 아목시실린과 병용요법시) 마크로라이드계 항생제 과민반응 환자(헬리코박터필로리 박멸을 위해 
클래리트로마이신과 병용시에 한함.) 테르페나딘, 시사프리드, 피모지드, 아스테미졸을 투여 받고 있는 환자(헬리코박터필로리 박멸을 위해 클래리트로마이신과 병용시에 한함.) (상호작용항 참조) 아타자나비르 및 넬피나비르를 투여 중인 환자 (상호작용항 참조) 수유부릴피비린 함유제제를 투여중인 환자 (상
호작용항 참조) 문헌개정연월일: 2019년 5월 1일. 제품에 대한 보다 자세한 사항은 제품설명서 전문을 참고하시기 바랍니다. 개정연월일(2019년 5월 1일)이후 변경된 내용은 한국아스트라제네카의 홈페이지를 방문하시거나  일동제약 소비자 상담실(080-022-1010)로 문의하셔서 확인하실 수 있습니다. 의
약품 용어설명 및 기타 자세한 의약품정보는 이지드럭(http://ezdrug.mfds.go.kr) 의약품 정보를 참조하십시오. aNXT20190501

Reference 1. IMS Global data, 2010~2020년 누적 처방량, plain 기준.

PPI : Proton Pump Inhibitor
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보건의료전문가용

지난 10년간 

전 세계 누적 처방량 No.1 PPI 
Nexium® 입니다. 1

넥시움정®20mg, 40mg(에스오메프라졸 마그네슘)  【효능·효과】 1. 위식도 역류질환(GERD) - 미란성 역류식도염의 치료 - 식도염 환자의 재발방지를 위한 장기간 유지요법 - 식도염이 없는 위식도 역류질환의 증상치료요법 2. 헬리코박터필로리 박멸을 위한 항생제 병용요법 - 헬리코박터필로리 양성인 십이
지장궤양의 치료 - 헬리코박터필로리 양성인 소화성궤양 환자의 재발방지 3. 비스테로이드소염진통제(COX-2 비선택성, 선택성) 투여와 관련된 상부 위장관 증상(통증, 불편감, 작열감) 치료의 단기요법  4. 지속적인 비스테로이드소염진통제 투여가 필요한 환자  - 비스테로이드소염진통제 투여와 관련된 위궤
양의 치료 - 비스테로이드소염진통제 투여와 관련된 위궤양 및 십이지장궤양의 예방 5. 졸링거-엘리슨 증후군의 치료 6. 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후의 유지 요법 【용법·용량】 이 약은 물 등의 액체와 함께 삼켜야 하며 씹거나 부수어서는 안된다. 정제를 삼키기 어려운 환
자들은 이 약을 비탄산수 반 컵에 붕해시켜 복용할 수 있다. 다른 음료는 장용피를 용해시킬 수 있으므로 사용해서는 안된다. 정제가 붕해될 때까지 저은 후, 즉시 또는 30분 이내에 씹지 말고 그대로 마시고, 복용한 컵을 비탄산수 반 컵으로 헹구어 이를 다시 마신다. 물에 떠있는 약 알갱이는 복용 중에 씹거나 부
수어서는 안된다. 정제를 삼키지 못하는 환자들은 이 약을 비탄산수에 붕해시킨 후 위장관 튜브를 이용하여 투여할 수 있다. 이 때 선택한 주사기와 튜브에 대한 적합성을 주의깊게 검사하는 것이 중요하다. 위장관 튜브를 이용한 투여방법은 다음과 같다. ① 적합한 주사기에 정제를 넣고 약 25mL의 물과 약 5mL
의 공기로 주사기 안을 채운다. 일부 튜브의 경우 붕해된 알갱이가 튜브를 막지 않도록 하기 위해 50mL의 물이 정제 붕해에 필요한 경우도 있다.  ② 정제를 붕해시키기 위해 즉시 약 2분 동안 주사기를 흔든다. ③ 주사기 끝을 위로 올려서 끝이 막히지 않았는지 확인한다. ④ 끝을 올린 상태에서 주사기를 튜브에 
연결한다. ⑤ 주사기를 흔든 후 그 끝을 아래로 향하게 하여 즉시 튜브에 5~10mL을 주입한다. 주입한 후 주사기 끝을 위로 향하게 하여 주사기를 흔든다. (주사기 끝이 막히지 않도록 하기 위하여 반드시 주사기 끝을 위를 향하도록 올린 상태에서 유지한다.) ⑥ 주사기 끝을 다시 아래로 하여 즉시 5~10mL을 튜
브에 한다. 주사기 안의 약물 투여가 끝날 때까지 이 과정을 반복한다. ⑦ 주사기 안에 침전물이 남아 있을 때에는 주사기에 물 25mL과 공기 5mL을 넣고 ⑤를 반복한다. 튜브에 따라 50mL의 물이 필요한 경우도 있다. 1. 성인 위식도 역류성 질환(GERD) - 미란성 역류식도염의 치료: 4주동안 1일1회, 1회 40mg
을 투여한다. 식도염이 치료되지 않거나 증상이 계속되는 환자의 경우 4주 더 복용한다. - 식도염 환자의 재발 방지를 위한 장기간 유지요법: 1일 1회, 1회 20mg - 식도염이 없는 위식도 역류질환의 증상치료요법: ·1일 1회, 1회 20mg.  4주후에도 증상 조절이 되지 않을 경우 추가 진료가 필요하다. ·일단 증상
이 완화되면 그 후 연속되는 증상은 1일 1회, 1회 20mg을 투여하여 조절한다. ·성인에서, 1일 1회, 1회 20mg을 필요시마다 투여할 수 있다. 비스테로이드소염진통제 투여로 위궤양 및 십이지장궤양의 발현 위험이 높은 환자에게는 연속되는 증상 조절을 위해 필요시마다 투여하는 것을 권장하지 않는다. 2)  헬
리코박터필로리 박멸을 위한 항생제 병용요법 이 약 20mg을 아목시실린 1g, 클래리트로마이신 500mg과 병용하여 1일 2회, 7일간 투여한다. 3)  비스테로이드소염진통제(COX-2 비선택성, 선택성)투여와 관련된 상부 위장관 증상(통증,불편감,작열감) 치료의 단기요법 ·1일1회, 1회 20mg. 4주후에도 증상이 
조절이 되지 않을 경우 추가진료가 필요하다. 4주를 초과하는 임상시험은 실시되지 않았다. 지속적인 비스테로이드소염진통제 투여가 필요한 환자 - 비스테로이드소염진통제 투여와 관련된 위궤양의 치료 : 1일 1회, 1회 20mg. 치료기간은 4~8주이다. - 비스테로이드소염진통제 투여와 관련된 위궤양 및 십이
지장궤양의 예방 : 1일 1회, 1회 20mg. 졸링거-엘리슨 증후군의 치료 권장 초회 용량은 40mg 1일 2회 투여이다. 이후 용량은 환자별로 조절되어야 하며, 임상증상이 있는 동안 치료를 지속해야 한다. 임상자료에 따르면, 대부분의 환자는 1일 80-160mg의 용량에서 조절 가능하다. 1일 80mg 이상의 용량은 1
일 2회로 나누어 복용하도록 한다. 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후의 유지 요법 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후4주 동안 1일 1회, 1회 40mg을 투여한다. 2. 12세 이상의 청소년 위식도 역류성 질환(GERD) - 미란성 역류식도염의 치료: 
4주동안 1일1회, 1회 40mg을 투여한다.  식도염이 치료되지 않거나 증상이 계속되는 환자의 경우 4주 더 복용한다. - 식도염이 없는 위식도 역류질환의 증상치료요법: ·1일 1회, 1회 20mg.  4주후에도 증상 조절이 되지 않을 경우 추가 진료가 필요하다. ·일단 증상이 완화되면 그 후 연속되는 증상은 1일 1회, 
1회 20mg을 투여하여 조절한다. ·성인에서, 1일 1회, 1회 20mg을 필요시마다 투여할 수 있다. 비스테로이드소염진통제 투여로 위궤양 및 십이지장궤양의 발현 위험이 높은 환자에게는 연속되는 증상 조절을 위해 필요시마다 투여하는 것을 권장하지 않는다. 3. 12세 미만의 소아: 이 약을 12세 미만의 소아에 
투여한 경험은 없다. 4. 신기능장애: 용량을 조절할 필요는 없다. 중증의 신부전환자에 투여한 예가 많지 않기 때문에 신중히 투여해야 한다. 5. 간기능장애: 경증-중등도의 간장애 환자에서 용량을 조절할 필요는 없다. 중증 간장애환자의 경우 이 약 20mg 용량을 초과해서는 안된다. 6. 고령자: 용량을 조절할 필
요가 없다. 【사용상 주의사항】 다음 환자에는 투여하지 말 것. 이 약, 이 약의 구성성분 또는 벤즈이미다졸류에 과민반응 및 그 병력이 있는 환자 페니실린계 항생제에 과민반응 환자(헬리코박터필로리 박멸을 위해 아목시실린과 병용요법시) 마크로라이드계 항생제 과민반응 환자(헬리코박터필로리 박멸을 위해 
클래리트로마이신과 병용시에 한함.) 테르페나딘, 시사프리드, 피모지드, 아스테미졸을 투여 받고 있는 환자(헬리코박터필로리 박멸을 위해 클래리트로마이신과 병용시에 한함.) (상호작용항 참조) 아타자나비르 및 넬피나비르를 투여 중인 환자 (상호작용항 참조) 수유부릴피비린 함유제제를 투여중인 환자 (상
호작용항 참조) 문헌개정연월일: 2019년 5월 1일. 제품에 대한 보다 자세한 사항은 제품설명서 전문을 참고하시기 바랍니다. 개정연월일(2019년 5월 1일)이후 변경된 내용은 한국아스트라제네카의 홈페이지를 방문하시거나  일동제약 소비자 상담실(080-022-1010)로 문의하셔서 확인하실 수 있습니다. 의
약품 용어설명 및 기타 자세한 의약품정보는 이지드럭(http://ezdrug.mfds.go.kr) 의약품 정보를 참조하십시오. aNXT20190501

Reference 1. IMS Global data, 2010~2020년 누적 처방량, plain 기준.

PPI : Proton Pump Inhibitor

서울시 강남구 영동대로 517 아셈타워 21층 TEL : 02-2188-0800 FAX : 02-2188-0852
www.astrazeneca.co.kr

본사 : 서울특별시 서초구 바우뫼로 27길 2 소비자상담실 : 080-022-1010 (수신자부담)
www.ildong.com
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보건의료전문가용

지난 10년간 

전 세계 누적 처방량 No.1 PPI 
Nexium® 입니다. 1

넥시움정®20mg, 40mg(에스오메프라졸 마그네슘)  【효능·효과】 1. 위식도 역류질환(GERD) - 미란성 역류식도염의 치료 - 식도염 환자의 재발방지를 위한 장기간 유지요법 - 식도염이 없는 위식도 역류질환의 증상치료요법 2. 헬리코박터필로리 박멸을 위한 항생제 병용요법 - 헬리코박터필로리 양성인 십이
지장궤양의 치료 - 헬리코박터필로리 양성인 소화성궤양 환자의 재발방지 3. 비스테로이드소염진통제(COX-2 비선택성, 선택성) 투여와 관련된 상부 위장관 증상(통증, 불편감, 작열감) 치료의 단기요법  4. 지속적인 비스테로이드소염진통제 투여가 필요한 환자  - 비스테로이드소염진통제 투여와 관련된 위궤
양의 치료 - 비스테로이드소염진통제 투여와 관련된 위궤양 및 십이지장궤양의 예방 5. 졸링거-엘리슨 증후군의 치료 6. 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후의 유지 요법 【용법·용량】 이 약은 물 등의 액체와 함께 삼켜야 하며 씹거나 부수어서는 안된다. 정제를 삼키기 어려운 환
자들은 이 약을 비탄산수 반 컵에 붕해시켜 복용할 수 있다. 다른 음료는 장용피를 용해시킬 수 있으므로 사용해서는 안된다. 정제가 붕해될 때까지 저은 후, 즉시 또는 30분 이내에 씹지 말고 그대로 마시고, 복용한 컵을 비탄산수 반 컵으로 헹구어 이를 다시 마신다. 물에 떠있는 약 알갱이는 복용 중에 씹거나 부
수어서는 안된다. 정제를 삼키지 못하는 환자들은 이 약을 비탄산수에 붕해시킨 후 위장관 튜브를 이용하여 투여할 수 있다. 이 때 선택한 주사기와 튜브에 대한 적합성을 주의깊게 검사하는 것이 중요하다. 위장관 튜브를 이용한 투여방법은 다음과 같다. ① 적합한 주사기에 정제를 넣고 약 25mL의 물과 약 5mL
의 공기로 주사기 안을 채운다. 일부 튜브의 경우 붕해된 알갱이가 튜브를 막지 않도록 하기 위해 50mL의 물이 정제 붕해에 필요한 경우도 있다.  ② 정제를 붕해시키기 위해 즉시 약 2분 동안 주사기를 흔든다. ③ 주사기 끝을 위로 올려서 끝이 막히지 않았는지 확인한다. ④ 끝을 올린 상태에서 주사기를 튜브에 
연결한다. ⑤ 주사기를 흔든 후 그 끝을 아래로 향하게 하여 즉시 튜브에 5~10mL을 주입한다. 주입한 후 주사기 끝을 위로 향하게 하여 주사기를 흔든다. (주사기 끝이 막히지 않도록 하기 위하여 반드시 주사기 끝을 위를 향하도록 올린 상태에서 유지한다.) ⑥ 주사기 끝을 다시 아래로 하여 즉시 5~10mL을 튜
브에 한다. 주사기 안의 약물 투여가 끝날 때까지 이 과정을 반복한다. ⑦ 주사기 안에 침전물이 남아 있을 때에는 주사기에 물 25mL과 공기 5mL을 넣고 ⑤를 반복한다. 튜브에 따라 50mL의 물이 필요한 경우도 있다. 1. 성인 위식도 역류성 질환(GERD) - 미란성 역류식도염의 치료: 4주동안 1일1회, 1회 40mg
을 투여한다. 식도염이 치료되지 않거나 증상이 계속되는 환자의 경우 4주 더 복용한다. - 식도염 환자의 재발 방지를 위한 장기간 유지요법: 1일 1회, 1회 20mg - 식도염이 없는 위식도 역류질환의 증상치료요법: ·1일 1회, 1회 20mg.  4주후에도 증상 조절이 되지 않을 경우 추가 진료가 필요하다. ·일단 증상
이 완화되면 그 후 연속되는 증상은 1일 1회, 1회 20mg을 투여하여 조절한다. ·성인에서, 1일 1회, 1회 20mg을 필요시마다 투여할 수 있다. 비스테로이드소염진통제 투여로 위궤양 및 십이지장궤양의 발현 위험이 높은 환자에게는 연속되는 증상 조절을 위해 필요시마다 투여하는 것을 권장하지 않는다. 2)  헬
리코박터필로리 박멸을 위한 항생제 병용요법 이 약 20mg을 아목시실린 1g, 클래리트로마이신 500mg과 병용하여 1일 2회, 7일간 투여한다. 3)  비스테로이드소염진통제(COX-2 비선택성, 선택성)투여와 관련된 상부 위장관 증상(통증,불편감,작열감) 치료의 단기요법 ·1일1회, 1회 20mg. 4주후에도 증상이 
조절이 되지 않을 경우 추가진료가 필요하다. 4주를 초과하는 임상시험은 실시되지 않았다. 지속적인 비스테로이드소염진통제 투여가 필요한 환자 - 비스테로이드소염진통제 투여와 관련된 위궤양의 치료 : 1일 1회, 1회 20mg. 치료기간은 4~8주이다. - 비스테로이드소염진통제 투여와 관련된 위궤양 및 십이
지장궤양의 예방 : 1일 1회, 1회 20mg. 졸링거-엘리슨 증후군의 치료 권장 초회 용량은 40mg 1일 2회 투여이다. 이후 용량은 환자별로 조절되어야 하며, 임상증상이 있는 동안 치료를 지속해야 한다. 임상자료에 따르면, 대부분의 환자는 1일 80-160mg의 용량에서 조절 가능하다. 1일 80mg 이상의 용량은 1
일 2회로 나누어 복용하도록 한다. 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후의 유지 요법 정맥주사로 위궤양 또는 십이지장궤양에 의한 재출혈 예방 유도 이후4주 동안 1일 1회, 1회 40mg을 투여한다. 2. 12세 이상의 청소년 위식도 역류성 질환(GERD) - 미란성 역류식도염의 치료: 
4주동안 1일1회, 1회 40mg을 투여한다.  식도염이 치료되지 않거나 증상이 계속되는 환자의 경우 4주 더 복용한다. - 식도염이 없는 위식도 역류질환의 증상치료요법: ·1일 1회, 1회 20mg.  4주후에도 증상 조절이 되지 않을 경우 추가 진료가 필요하다. ·일단 증상이 완화되면 그 후 연속되는 증상은 1일 1회, 
1회 20mg을 투여하여 조절한다. ·성인에서, 1일 1회, 1회 20mg을 필요시마다 투여할 수 있다. 비스테로이드소염진통제 투여로 위궤양 및 십이지장궤양의 발현 위험이 높은 환자에게는 연속되는 증상 조절을 위해 필요시마다 투여하는 것을 권장하지 않는다. 3. 12세 미만의 소아: 이 약을 12세 미만의 소아에 
투여한 경험은 없다. 4. 신기능장애: 용량을 조절할 필요는 없다. 중증의 신부전환자에 투여한 예가 많지 않기 때문에 신중히 투여해야 한다. 5. 간기능장애: 경증-중등도의 간장애 환자에서 용량을 조절할 필요는 없다. 중증 간장애환자의 경우 이 약 20mg 용량을 초과해서는 안된다. 6. 고령자: 용량을 조절할 필
요가 없다. 【사용상 주의사항】 다음 환자에는 투여하지 말 것. 이 약, 이 약의 구성성분 또는 벤즈이미다졸류에 과민반응 및 그 병력이 있는 환자 페니실린계 항생제에 과민반응 환자(헬리코박터필로리 박멸을 위해 아목시실린과 병용요법시) 마크로라이드계 항생제 과민반응 환자(헬리코박터필로리 박멸을 위해 
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COVER STORY
Strategic approach for endoscopic submucosal dissection of lesions in proximity to a 
colonic diverticulum. (1) A semi-circumferential mucosal incision was made from the 
anal side of the lesion. (2) Submucosal dissection was performed, and double pockets 
were made on both sides of the diverticulum towards the oral side. (3) Submucosal 
dissection around the diverticulum was performed maximally to expose the 
diverticulum under the lesion. Mucosae on both lateral sides were left at this time. (4) 
Dissection of the diverticulum was performed carefully using the tapping technique, 
and the remaining mucosal incision was then completed (See on page 417-425).
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Background/Aims: Endoscopic submucosal dissection (ESD) for diverticulum-associated colorectal lesions is generally contraindicat-

ed because of the high risk of perforation. Several studies on patients with such lesions treated with ESD have been reported recently. 

However, the feasibility and safety of ESD for lesions in proximity to a colonic diverticulum (D-ESD) have not been fully clari�ed. �e 

aim of this study was to evaluate the feasibility and safety of D-ESD. 

Methods: D-ESD was de�ned as ESD for lesions within approximately 3 mm of a diverticulum. Twenty-six consecutive patients who 

underwent D-ESD were included. Two strategic approaches were used depending on whether submucosal dissection of the diverticu-

lum-related part was required (strategy B) or not (strategy A). Treatment outcomes and adverse events associated with each strategy 

were analyzed. 

Results: �e en bloc resection rate was 96.2%. �e R0 and curative resection rates were 76.4% and 70.6% in strategy A and 88.9% and 

77.8% in strategy B, respectively. Two cases of intraoperative perforation and one case of delayed perforation occurred. �e delayed perfo-

ration case required emergency surgery, but the other cases were managed conservatively. 

Conclusions: D-ESD may be a feasible treatment option. However, it should be performed in a high-volume center by expert hands 

because it requires highly skilled endoscopic techniques.

Keywords: Colonic diverticulum; Colorectal neoplasms; Endoscopic submucosal dissection; Feasibility; Pocket creation method
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INTRODUCTION 

In recent years, the prevalence of colonic diverticulosis has 

been increasing in both Western and Asian countries.1 Colorec-

tal lesions are occasionally found in proximity to the divertic-

ulum. �ese are generally considered pseudodiverticula and 

lack a muscular layer. Endoscopic resection (ER) is the �rst 

treatment of choice for colorectal lesions, with a negligible risk 

of lymph node metastasis. However, ER may be contraindicat-

ed for diverticulum-associated lesions due to the high risk of 

perforation.2  �erefore, surgical resection is o�en performed 

for such lesions, even if they can be managed via ER. Recently, 

endoscopic submucosal dissection (ESD) has become widely 

used as a promising en bloc resection technique for early stage 

colorectal lesions.3-5  ESD techniques have been improved and 

can be used in the management of lesions considered chal-

lenging for ER due to di�culties related to accessibility, such 
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INTRODUCTION 

Esophagogastroduodenoscopy (EGD) is an important proce-
dure for the diagnosis of upper gastrointestinal (GI) diseases. 
EGD is also used as a screening modality for the diagnosis of 
upper GI cancers in high-risk areas.1 The main purpose of EGD 
in a screening setting is to enhance the detection rate of early 
stage gastric cancers and to reduce cancer-related mortality. 
Several recent studies have reported various quality indicators 
for EGD.2-8 

Quality standards can be subdivided into domains of struc-
ture, procedure, outcome, and adverse events.3,5,6,8 The structur-
al domain reflects whether the facilities and equipment at the 

Esophagogastroduodenoscopy (EGD) has been used to diagnose a wide variety of upper gastrointestinal diseases. In particular, EGD is 
used to screen high-risk subjects of gastric cancer. Quality control of EGD is important because the diagnostic rate is examiner-depen-
dent. However, there is still no representative quality indicator that can be uniformly applied in EGD. There has been growing aware-
ness of the importance of quality control in improving EGD performance. Therefore, we aimed to review the available and emerging 
quality indicators for diagnostic EGD. 

Keywords: Detection rate; Esophagogastroduodenoscopy; Guideline; Neoplasms; Quality indicators  
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endoscopy unit are satisfied. The procedure domain refers to 
whether certain procedures before, during, and after EGD are 
being carried out to avoid missed diagnosis and increase patient 
tolerance. Performance variability among endoscopists can af-
fect the outcomes. The outcome domain is generally considered 
the most important, and it reflects the effectiveness of EGD, 
such as the detection rate of premalignant lesions or cancer. 

An ideal quality indicator for EGD should be highly asso-
ciated with cancer incidence and mortality after endoscopic 
examination. Adenoma detection rate is a representative quality 
indicator of colonoscopy.9 Measurement of cecal intubation 
rates, mean withdrawal time, and bowel preparation quality 
are also important quality indicators of colonoscopy.10-12 These 
indicators strongly correlate with the risk of interval colorectal 
cancer and patient mortality. In contrast to colonoscopy, there 
are no representative quality indicators for EGD. The complex 
secretory function and peristaltic folds of gastric mucosa make 
its observation a challenging procedure. Precancerous neo-
plasms often exhibit subtle morphological changes during EGD. 
In particular, gastric neoplasms are commonly accompanied by 
severely inflamed background mucosa, caused by Helicobacter 
pylori gastritis, making it more difficult to detect the gastric le-
sions.13,14 Several studies  have reported that the average rates of 
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missed upper GI cancers during EGD are greater than 20% in 
Asia and 7.2%−14.0% in the West.15-18 Therefore, accurate diag-
nosis relies on careful mucosal scanning. 

Therefore, we focused on the domain of endoscopic proce-
dures and outcomes, among various quality indicators, which 
are directly related to the endoscopic detection of early gastric 
cancers at an individual endoscopist’s level. 

PREMEDICATION 

Poor preparation prior to EGD may interfere with concentrat-
ed visualization. Premedication for endoscopic examinations 
consists largely of mucolytic, defoaming, antispasmodic, and 
sedative agents. Previous questionnaires have reported discrep-
ancies in the frequency of premedication use worldwide.19 

Mucolytic and defoaming agents 
Proper bowel preparation increases the diagnostic yield of colo-
noscopy.20 The importance of adequate mucosal preparation 
using mucolytic and defoaming agents has yet to be proven, 
although cleansing of mucus, bubbles, and foam is import-
ant for clear mucosal observation during EGD. Pronase, or 
N-acetylcysteine, is a mucolytic agent used to eliminate gastric 
mucus. Simethicone (activated dimethicone) is a commonly 
used defoaming agent that decreases the surface tension of gas 
bubbles without significant adverse interactions.21 Therefore, 
combining mucolytic and defoaming agents has been shown 
to be effective in improving the visibility of the gastric mucosa 
when used 20 min prior to EGD.22-24 A recent study showed that 
pronase significantly enhanced the visibility of all anatomical 
sites of the upper GI tract when compared with a control using 
water (p<0.001).23 However, this study did not demonstrate 
whether premedication with pronase and simethicone increases 
the detection rates of gastric neoplasms or precancerous lesions 
by experienced endoscopists. Considering the potential risk of 
missing lesions by inexperienced endoscopists,25 adequate mu-
cosal cleansing can improve visualization of the gastric mucosa 
and result in superior diagnostic yield. However, the optimal 
quantity, density, and administration time of premedication 
have not yet been established. 

Antispasmodic agent 
Endoscopic stimuli during EGD further increases peristalsis, 
making it difficult for endoscopists to obtain static images 
and observe the detailed mucosal surface without blind areas. 

Therefore, antispasmodic agents, such as cimetropium bro-
mide, scopolamine, and hyoscine N-butylbromide have been 
commonly used to reduce peristalsis during EGD in clinical 
practice. A recent Asian consensus recommended the use of 
antispasmodic agents (especially topical peppermint oil) during 
EGD to enhance the detection of precancerous neoplasia. This 
was based on a paucity of evidence.7 The consensus commented 
that gastric cancer in the greater curvature, even an advanced 
one, could be missed if the gastric wall was not fully distend-
ed. A recent propensity score-matched study in Korea showed 
that cimetropium bromide use was significantly associated 
with increased gastric neoplasm detection rates, especially for 
lesions in the stomach body (gastric neoplasm detection rate, 
0.30% [cimetropium bromide users] vs. 0.19% [non-users]; 
p=0.02).26 A Japanese study reported that premedication with 
scopolamine did not significantly increase the detection rate of 
upper GI neoplasia (upper GI neoplasia detection rate, 0.42% 
[scopolamine users] vs. 0.39% [non-users], p=0.89).27 There is 
no objective classification for the measurement of peristalsis, 
and different individuals might have different responses to 
antispasmodic agents. Therefore, future studies are required to 
evaluate the association between the degree of antiperistaltic 
activity of antispasmodic agents and the detection rate of upper 
GI neoplasia. Contraindications to the use of antispasmodic 
agents should be carefully considered because their routine use 
can raise safety concerns, such as arrhythmia, benign prostate 
hypertrophy, and glaucoma.  

Sedation  
Sedation is widely used during upper GI endoscopy. Sedation is 
used in more than half of EGDs in European and Asian coun-
tries, and more than 90% in the United States (US).19,28 Sedation 
reduces patients’ anxiety, which possibly allows endoscopists to 
thoroughly observe the stomach with sufficient time,29-31 there-
by improving the quality of EGD. A meta-analysis showed that 
when compared with non-sedation, moderate sedation during 
EGD significantly improved patient satisfaction (relative risk 
[RR], 2.29; range, 1.16−4.53) and willingness to repeat EGD in 
the future (RR, 1.25; range, 1.13−1.38).29 However, the role of 
sedation on the endoscopic detection rate is currently unclear. 
This lack of evidence leads to questions regarding the direct 
relationship between sedation and the endoscopic findings. 
A recent propensity score-matched cohort study showed that 
propofol-based sedation separately and significantly enhanced 
the detection rate of early esophageal cancer (p=0.044), early 
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gastric cancer (p=0.020), esophageal high-grade intraepitheli-
al neoplasia (p<0.001), and gastric high-grade intraepithelial 
neoplasia (p=0.042), when compared with non-sedation during 
EGD.32 In the sedation group, gastric high-grade intraepithelial 
neoplasia and early cancer were detected more frequently at 
the gastric body (p=0.001). This may have resulted from the in-
creasing application of supplementary endoscopic techniques, 
longer observation times, and more biopsies at different sites. 
No significant difference was observed in the overall number 
of precancerous lesions and low-grade intraepithelial neoplasia. 
Further prospective randomized case-control studies are need-
ed to assess the use of sedation as it improves patient tolerance 
and the detection rate of upper GI neoplasia. 

PHOTODOCUMENTATION 

Photodocumentation has become an important aspect of EGD 
reporting. Although appropriate photodocumentation seems to 
be related to EGD diagnostic efficiency, no data support a di-
rect relationship with EGD quality improvement. During EGD, 
certain locations, such as the posterior wall, cardia, and greater 
curvature of the body are difficult to visualize.17 

The minimum requirements for photodocumentation vary 
worldwide and reflect the different incidences of upper GI 
cancer in different areas. In the US, the guidelines do not spe-
cifically indicate the minimum number of images for EGD 
reports.3 Conversely, the European Society of Gastrointestinal 
Endoscopy (ESGE) proposed that photodocumentation in a 
normal endoscopic examination should have at least 10 images, 
including anatomical landmarks to illustrate the examination, 
namely: (1) upper esophagus; (2) lower esophagus; (3) squamo-
columnar junction and diaphragm indentation; (4) cardia and 
fundus in inversion; (5) gastric body in forward view, including 
the lesser curvature; (6) gastric body in retroflex view, includ-
ing the greater curvature; (7) angulus in partial inversion; (8) 
gastric antrum; (9) duodenal bulb; (10) second part of duode-
num (Fig. 1).8 Korean and Japanese doctors usually take 20−40 
endoscopic images during EGD screening. The Korean Society 
of Gastrointestinal Endoscopy (KSGE) recommends photod-
ocumentation of at least eight images in a normal EGD exam-
ination, with additional images of suspicious lesions.6 In Japan, 
a “systematic screening protocol for the stomach (SSS)” that 
includes 22 images was suggested to study the entire stomach.33 
This protocol was developed to avoid blind spots by presenting 
a required minimum standard; however, it is rarely used in the 

West. A recent study reported a positive association between 
the number of endoscopic images and the detection rate of clin-
ically significant gastric lesions (p<0.001).34 However, endosco-
pists who took more images tended to have longer observation 
times and performed more biopsies than endoscopists who 
took fewer images in this study. Therefore, the level of interest 
and effort of endoscopists may be related to the acquisition of 
more images and the detection of more lesions. Moreover, it is 
possible that the number of endoscopic images and observation 
time increased because of suspected lesions. Knowing that the 
number of images taken during endoscopy is monitored, en-
doscopists may take more irrelevant images without a positive 
effect on the outcome. Currently, no well-designed studies have 
examined the relationship between the number of images and 
the detection rate of neoplasia during EGD.  

Photodocumentation of anatomical landmarks is considered 
to be a proof of complete examination. A Korean study pro-
posed the visualization of the major papilla in the duodenum 
as a quality indicator, as it reflects an endoscopist’s skillful-
ness and attention during examination.35 This study showed 
a positive correlation between high ampulla observation and 
detection rate of total upper GI neoplasia, and recommended 
a minimal threshold of 50% for ampulla image documentation 
rate (R2=0.57, p=0.03). Therefore, photodocumentation of the 
duodenal ampulla can serve as an auditable measure of perfor-
mance for completeness of EGD. As another landmark image, 
the British Society of Gastroenterology (BSG) recommends 
photodocumentation of an inlet patch.5 An inlet patch can easi-
ly be missed with rapid withdrawal of the endoscope because it 
is located just below the upper esophageal sphincter. Therefore, 
the identification of an inlet patch can be used as a surrogate 
marker for a complete procedure of the esophagus, although the 
level of recommendation is weak in this guideline. Therefore, 
systemic mapping to avoid blind areas and photodocumenta-
tion of surrogate markers, such as the duodenal ampulla or inlet 
patch could be considered as quality indicators in EGD. 

REPORTING 

Accurate endoscopy reports are key performance measures for 
EGD.5,6,8 The ESGE recommends the correct use of validated 
terminology for specific diseases, which is considered to be a 
hallmark for quality improvement.8 Moreover, the use of clas-
sification systems in endoscopy enables better communication 
between endoscopists for abnormal endoscopic findings, treat-

Kim et al. Quality indicators in esophagogastroduodenoscopy
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ment, and clinical recommendations. There are well-established 
endoscopic classifications, such as the Los Angeles classification 
for erosive reflux disease, Prague classification for Barrett’s 
esophagus, Forrest classification for ulcer bleeding, and Paris 
classification for early neoplastic lesions.36-39 The standardized 
classification systems are presented in Table 1.36-44 The imple-
mentation of these classifications may not be straightforward 
because of inter-observer variability. The BSG also suggested 
that accurate reports of major EGD findings and key recom-
mendations should be produced contemporaneously.5 The rec-
ommended interval or any instructions to the patients should 
be recorded if follow-up examinations or changes in medica-
tion are required. To monitor reporting as a performance mea-
surement, a systematic electronic reporting system should be 
developed that includes pathology data, adverse events, patient 
satisfaction, and surveillance intervals. 

OBSERVATION TIME 

Adequate observation time plays an important role in enhanc-
ing the detection rate of upper GI neoplasia.7,8 Observation time 
is one of the most subjective endoscopist-dependent factors. A 
multicenter prospective study from the US, which included 112 
patients with Barrett's esophagus who underwent surveillance 
endoscopy by 11 endoscopists, showed that prolonged inspec-
tion time (>1 minute per centimeter) in Barrett’s esophagus was 
associated with an increased detection of high-grade dysplasia 
or adenocarcinoma (p=0.04).45 Therefore, longer inspection 
time can be a widely available method to enhance the yield of 
cancer surveillance in Barrett’s esophagus. However, the clinical 
significance of longer inspection time during EGD screening in 
asymptomatic patients remains unclear. A single-center study 
conducted in Singapore was the first report on the detection 
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rate of gastric lesions with respect to observation time.46 This 
study investigated detection rate of high-risk gastric lesions, 
such as atrophic gastritis, intestinal metaplasia, dysplasia, and 
cancer by 16 endoscopists, including trainees, among 837 symp-
tomatic patients. Slow endoscopists, who took more than 7 
minutes to perform an EGD, were twice as likely to detect high-
risk gastric lesions than faster endoscopists (odds ratio [OR], 
2.50; 95% confidence interval [CI], 1.52−4.12) and three times 
more likely to detect dysplasia or cancer than faster endosco-
pists (OR, 3.42; 95% CI, 1.25−10.38). Of the 837 patients in this 
study, only 11 cancer and eight dysplasia cases were detected. 
Moreover, the study conducted in Singapore targeted symp-
tomatic patients and included an endoscopy trainee; therefore, 
generalizability of the study was limited. A retrospective study 
conducted in Japan revealed a positive relation between the 
endoscopist observation time and neoplasm detection rate.47 
However, confounding variables that have a significant effect 
on the development of gastric cancer, such as smoking, body 
mass index, H. pylori infection, and family history of gastric 
cancer were not adjusted in this study. In a retrospective Ko-
rean study, the data of 111,962 patients, who participated in a 
seven-year long health-screening program, were analyzed.48 In 
this study, the observation time was calculated from the time 
of withdrawal of the endoscope from the second part of the 
duodenum to the end of EGD examination, a concept similar 
to the observation time used in colonoscopy. Using a cutoff 
of 3 minutes, eight endoscopists were classified into the fast 
group (mean examination time, 2:38±0:21 minutes) and six 
endoscopists were classified into the slow group (mean exam-
ination time, 3:25±0:19 minutes). The study showed that the 
slow endoscopists detected more gastric adenomas or cancers 
than the fast endoscopists (0.28% vs. 0.20%; p=0.0054). Addi-

tionally, most confounding variables related to the development 
of gastric cancer, such as age, sex, body mass index, diabetes 
mellitus, family history of gastric cancer, presence of symptoms, 
and presence of H. pylori infection, were reflected. It was nec-
essary to verify whether the detection rate improved with an 
increase in observation time. Therefore, the same researchers 
further investigated whether implementing an institutional pol-
icy of spending at least 3 minutes for EGD observation would 
improve the detection rate of upper GI neoplasia.49 This study 
demonstrated that the institutional protocol could increase the 
detection rate of upper GI neoplasia by 38%, especially in gas-
tric dysplasia. However, the detection rate of upper GI neoplasia 
did not increase proportionally with longer observation time (>3 
minutes). The implementation of institutional policy, requiring 
all endoscopists to spend more time for observing the upper GI 
mucosa, improved upper GI neoplasia detection rate; however, 
this was not statistically significant at each endoscopist’s level. 
These results may be due to the relatively small number of up-
per GI neoplasias detected during diagnostic EGD compared 
to colonoscopy, or due to the ceiling effect of EGD observation 
time. Therefore, further studies should be conducted using 
several cutoff observation times. An overview of studies on the 
association between observation time and neoplasm detection 
rate in EGD is presented in Table 2.45-49 A single-center retro-
spective study investigated the detection rate of synchronous 
gastric neoplasm according to observation time in patients who 
underwent endoscopic resections.50 In accordance with earlier 
studies on health-screening endoscopy,45,47,48 within one year 
of follow-up examination after endoscopic resection, multiple 
synchronous gastric neoplasms were found more frequently in 
examinations observed for a longer time. In other words, a lon-
ger observation time is required, particularly for high-risk pa-

Table 1. Endoscopic classification systems
Abnormal finding Classification Grade
Erosive esophagitis Los Angeles36 A, B, C, D
Barrett’s esophagus Prague37 Circumferential extent, maximal extent
Eosinophilic esophagitis Endoscopic reference score40 EREFS (edema, rings, exudate, furrows, stricture)
Caustic esophagitis Zagar41 I, IIa, IIb, IIIa, IIIb, IV
Esophageal varices Baveno42 Small (I), medium (II), large (III)
Hiatal hernia Hill43 I, II, III, IV
Ulcer bleeding Forrest38 Ia, Ib, IIa, IIb, IIc, III
Duodenal adenomas in patients with FAP Spigelman44 0, I, II, III, IV
Neoplasia Paris39 0-Ip, 0-Is, 0-IIa, 0-IIb, 0-IIc, 0-III

FAP, familial adenomatous polyposis.

Kim et al. Quality indicators in esophagogastroduodenoscopy
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tients. Overall, the observation time was an independent factor 
that determined the quality of EGD. 

BIOPSY RATE/PROTOCOL 

Endoscopic biopsy plays a major role in the diagnosis and 
surveillance of precancerous lesions, with high sensitivity and 
specificity. For the histopathological diagnosis of a suspected 
malignant lesion, at least four to eight multiple biopsies are usu-
ally recommended. However, multiple biopsies may increase the 
procedure time, bleeding risk, medical costs, and workload of 
pathologists. Usually, three or four biopsies of a lesion are con-
sidered as the optimal number for accurate diagnosis. A Korean 
study revealed that additional biopsies taken from the same site 
did not improve the diagnostic accuracy.51 A more important 
factor is the exact targeting of appropriate site and acquisition 
of viable tissue. In a previous study, specimens obtained from 
the inner margin of the ulcer showed a more accurate diagnosis 
than those from the ulcer base.52 An EGD with a carefully tar-
geted biopsy can improve the diagnostic process; therefore, it 
should be performed to improve the quality of endoscopy. Ad-
ditionally, an image enhanced endoscopy (IEE)-assisted biopsy 
could make it easier to perform a targeted biopsy and decrease 
the number of biopsies for histopathological diagnosis.7,53 

A Korean study found that the endoscopic biopsy performance 
rate varied widely among endoscopists (range, 6.9%−27.8%) and 
was significantly associated with the detection rate of upper 
GI neoplasia (R2=0.76; p=0.0015).48 Conversely, a multicenter 
European study that analyzed outpatient EGD data showed that 
endoscopists with a high endoscopic biopsy performance rate 
had a lower rate of missing the gastric cancer diagnosis than 
those with a lower endoscopic biopsy performance rate.54 This 
is because the increase in endoscopic biopsy rate could result in 
an increased rate of negative biopsy. This study suggested that a 
biopsy rate between 43.8%−51.6% could maintain the optimal 
balance between efficacy and cost. However, using the absolute 
value of biopsy rate as a quality indicator needs to be studied 
further, because the prevalence of precancerous lesions or gas-
tric cancer is dependent on the region or country. Therefore, 
the endoscopic biopsies that are performed in the same endos-
copy unit/region should be assessed to identify endoscopists 
requiring improvement and to maintain high diagnostic perfor-
mance. 

The prevalence rates of Barrett’s esophagus have progres-
sively increased in the West, but remain low in Asia.55,56 Most 

cases in Asia are of short-segment Barrett’s esophagus that is 
associated with a limited risk of esophageal adenocarcinoma.55 

Therefore, interest in Barrett’s esophagus and the endoscopic or 
histopathological diagnostic criteria for this differ from region 
to region. For surveillance of Barrett’s esophagus, the Seattle 
protocol suggested obtaining four quadrant biopsy samples 
every 1−2 cm along the columnar-lined esophageal segment.57 
The ESGE, American Society for Gastrointestinal Endoscopy 
(ASGE), and BSG recommended the use of Seattle biopsy pro-
tocol for diagnosing Barrett’s esophagus. However, the Asian 
consensus and KSGE have not provided any guideline for the 
biopsy protocol for Barrett’s esophagus. Surveillance of Barrett’s 
esophagus is still controversial because of its low prevalence and 
the lack of randomized trial studies in Asia. 

The updated Sydney system is the most widely accepted 
protocol for gastritis classification and grading. This system 
recommends taking at least five biopsies: two from the antrum 
(from the greater and lesser curvature, 3 cm from the pylorus), 
one from the incisura, and two from the body (from the lesser 
curvature, 4 cm proximal to the incisura, and from the great-
er curvature, middle).58 Moreover, in patients with advanced 
stages of gastritis, other histopathological staging (Operative 
Link on Gastritis Assessment [OLGA] and Operative Link on 
Gastric Intestinal Metaplasia [OLGIM] assessment) can be used 
to stratify the risk of cancer progression.59 The European con-
sensus on “Management of precancerous conditions and lesions 
in the stomach” (MAPS II guideline) suggested a three-year 
interval strategy for endoscopic surveillance of advanced stages 
of atrophic gastritis (severe atrophic changes or intestinal meta-
plasia in the stomach’s antrum and body, OLGA/OLGIM III/
IV).53 However, some areas in Asia, especially in Korea, most of 
the population has easy accessibility to endoscopic surveillance, 
as the national cancer screening program is conducted more 
frequently than every three-year interval. Therefore, in this spe-
cific area, the intervals or methods of endoscopic surveillance 
can be adjusted rather than completely following international 
guidelines. 

ENDOSCOPY EDUCATION 

Intensive training or education can play an important role in 
improving the quality of EGD. Improvements in the detection 
rate are not solely determined by the number of EGDs per-
formed. It requires a strong awareness of benign and malignant 
lesions, a good ability to identify early cancer, and an effort to 
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standardize endoscopic examination. A retrospective study 
in China investigated whether specific training enhanced the 
detection rate of early gastric cancer.25 During three consecu-
tive training periods of eight months (period 1), four months 
(period 2), and four months (period 3), skilled endoscopists 
(who performed >3,000 EGDs) participated in voluntary train-
ing programs, which included discussion of cases or published 
articles, education on standard endoscopic examination, and 
communication between endoscopists and pathologists. The 
detection rates of early gastric cancer during first, second, and 
third periods were 0.3%, 0.6%, and 1.5%, respectively. Intensive 
training in these aspects dramatically improved the quality of 
endoscopy even for skilled endoscopists. A Japanese study also 
showed that two years of intensive training for accurate diag-
nosis of early gastric cancer dramatically improved its detection 
rate when compared with that before intensive training (0.4% 
vs. 1.9%, p<0.01).60 Continuous endoscopy education should 
focus on improving technical skills and knowledge. To date, no 
qualified on-site training center exist in Korea. Instead, KSGE 
has provided a web-based learning program for the quality 
control of endoscopy.61 Since 2013, the Korea National Cancer 
Center has also been offering education to improve the qual-
ity of endoscopic cancer screening.62 On-site teaching could 
achieve higher educational goals than web learning, but the 
latter is advantageous in that it can be easily accessed anywhere 
and repeated as many times as needed.  

IMAGE ENHANCED ENDOSCOPY 

The diagnosis of early upper GI neoplasia requires a two-step 
process: detecting suspicious lesions and differentiating their 
histopathology. Once a suspicious lesion is identified, IEE 
techniques can be used for further clarification. IEE plays an 
integral role in early detection and characterization of neopla-
sia, based on its surface structure and microvasculature. There 
are two major types of IEE: chromoendoscopy and equip-
ment-based IEE.63 Of these, equipment-based IEE has recently 
been developed and has various features, such as magnifying 
endoscopy with narrow-band imaging (ME-NBI), flexible spec-
tral imaging color enhancement, blue laser/light imaging, and 
i-SCAN, depending on the endoscope manufacturer. Along 
with technological progress, knowledge of the modalities and 
clinical practicality of IEE is presumed to be essential in clinical 
practice. To date, this novel equipment has mainly been used 
in general to tertiary medical centers. Although it is not avail-

able in primary clinics, it seems to have enormous potential for 
widespread use. Correct diagnosis rate of early gastric cancer 
can be increased after educational lectures on the classification 
system of microvascular and microsurface patterns, using ME-
NBI, regardless of board-certification status.64 Additional edu-
cation for novel image enhancement techniques may improve 
the accuracy of endoscopy-based diagnosis, even in skilled en-
doscopists. 

ARTIFICIAL INTELLIGENCE 

In the field of upper GI endoscopy, many studies have applied 
artificial intelligence (AI) in the detection and classification of 
malignant lesions as well as quality improvement by monitoring 
the blind areas.65-70 Deep learning is an advanced subclass of AI 
that logically mimics the activity of neurons on computer algo-
rithms through a convolutional neural network (CNN) system. 
Among the various types of neural networks, CNN is known 
to be the best-performing system for computer vision. This 
discriminative model automatically recognizes anatomical lo-
cations, detects lesions, distinguishes boundaries, and predicts 
classification using archived endoscopic images.66,67,71 

The rate of missed gastric cancer cases by EGD is 4.6%− 
25.8%,15,17,72,73 and one of the main reasons for this is incom-
plete inspection. A randomized controlled trial from China 
constructed a real-time quality improving system, named 
“WISENSE,” based on the deep learning achievements.70 Com-
pared to sedated EGD without WISENSE, sedated EGD with 
WISENSE assistance significantly reduced the rate of blind 
spots (5.9% vs. 22.5%), prolonged the mean inspection time 
(5.03 minutes vs. 4.24 minutes), and enhanced the complete-
ness of image documentation (90.6% vs. 79.1%). In particular, 
the assistance of WISENSE reduced the incompleteness of ob-
servations in the lesser curvature of the fundus and antrum to 
less than 20% and 4%, respectively. The same researcher also 
developed a novel AI system named “ENDOANGEL” to fur-
ther evaluate and compare the performance of sedated EGD, 
unsedated EGD, and unsedated ultrathin transoral endoscopy 
(U-TOE) with or without the assistance of this AI system.74 
These three types of EGD have different technical aspects that 
affect the quality of the procedure. With the assistance of EN-
DOANGEL, the rate of blind spots in sedated EGD was signifi-
cantly lower than those in unsedated EGD and U-TOE (3.42% 
vs. 31.23% vs. 21.77%). This was explained by patient-reported 
comfort scores, which were significantly higher in the sedated 
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EGD group. The blind area rate in the AI subgroup was signifi-
cantly lower than that in the control subgroup for all three types 
of endoscopies (sedated EGD, 3.42% vs. 22.46%; unsedated 
EGD, 31.23% vs. 42.46%; and U-TOE, 21.77% vs. 29.92%). This 
study suggests that AI-assisted EGD is a practical tool not only 
in sedated EGD, but also in a less resource-available setting. In 
another recent study that evaluated the CNN model’s image 
quality control in EGD, the constructed CNN model classified 
the EGD images into one of the eight locations of the upper GI 
tract with 97.58% accuracy and monitored the completeness 
of the EGD examination with 89.20% accuracy.69 While previ-
ous WISENSE and ENDOANGEL were developed based on 
22 landmark images of SSS, this constructed CNN model was 
trained by using the eight landmark images documentation 
of the ESGE. Recently, the statement paper of the ASGE has 
provided guidance for clinical application, testing, or validating 
algorithms for successful implementation of AI in GI endosco-
py.75 The advancement of AI applications in endoscopic images 
would be useful for standardizing practice variations among 
endoscopists, decreasing workload, assisting in decision-mak-
ing, and improving the quality of EGD in the near future. The 
creation of large data sets, successful integration of multicenter 
data, and control of data noise have still been a challenge to 
speed up the development of AI for GI endoscopy. In the rec-
ognition of these upcoming changes, it might be an optional 
indicator to assist endoscopists.  

CONCLUSIONS 

Considering that EGD is a highly endoscopist-dependent ex-
amination, optimal quality indicators of EGD could reduce 
procedural variation among endoscopists and contribute to 
improving the early detection of upper GI neoplasia. The stage 
of gastric cancer at diagnosis determines its prognosis.76 Early 
detection of gastric cancer is an effective method for lowering 
cancer mortality. It could provide a better chance to treat pa-
tients using endoscopic therapy rather than surgery.77 In this 
review, quality indicators were temporarily classified into pre-
medication, photodocumentation, reporting, observation time, 
biopsy rate/protocol, endoscopy education, IEE, and AI (Fig. 
2). For clear visualization of the area, mucolytic/defoaming or 
antispasmodic agents should be considered. To enhance the 
detection rate of upper GI neoplasia, the use of sedative agents, 
photodocumentation, systemic reporting, and sufficient obser-
vation times are recommended. Endoscopy education for accu-
rate diagnosis and a biopsy protocol are necessary to maintain 
and improve the quality of EGD. Although further validation in 
actual clinical practice is needed, IEE and AI may have a prom-
inent impact on the improvement of the diagnostic yield. 

Familiarity with these quality indicators is expected to be 
helpful for endoscopists in performing high-quality EGD ex-
aminations; a summary of quality indicators recommended in 
several published guidelines is presented in Table 3.3,5-8 Some in-

Fig. 2. Classification of quality indicators into premedication, photodocumentation, reporting, observation time, biopsy rate/protocol, endos-
copy education, image enhanced endoscopy, and artificial intelligence.

Premedication
-mucolytic/defoaming agent-

Premedication
-antispasmodic agent-

Premedication
-sedation-

Biopsy rate/protocol

Photodocumentation

Observation time

Reporting

Endoscopy education

Artificial intelligenceImage enhanced endoscopy
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dicators are evidence-based, whereas most are based on expert 
consensus and may warrant further studies. Refinement of the 
quality indicators for EGD should consider measurable perfor-
mance and reflect clinical outcomes. 
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INTRODUCTION 

The overall prevalence of colorectal cancer (CRC) is lower in 
Asian than in Western countries; however, Asia has the highest 
number of prevalent cases, with relevant health-related im-
plications.1 Colonoscopy, the gold standard method for CRC 
screening, can reduce the CRC incidence by 76%−90% and the 
CRC mortality by 53%.2,3 However, colonoscopy is an imperfect 
method and has variable quality, with miss rates of 17%−28% 

Continuous measurement of quality indicators (QIs) should be a routine part of colonoscopy, as a wide variation still exists in the per-
formance and quality levels of colonoscopy in Korea. Among the many QIs of colonoscopy, the adenoma detection rate, average with-
drawal time, bowel preparation adequacy, and cecal intubation rate should be monitored in daily clinical practice to improve the quali-
ty of the procedure. The adenoma detection rate is the best indicator of the quality of colonoscopy; however, it has many limitations for 
universal use in daily practice. With the development of natural language processing, the adenoma detection rate is expected to become 
more effective and useful. It is important that colonoscopists do not strictly and mechanically maintain an average withdrawal time of 6 
minutes but instead perform careful colonoscopy to maximally expose the colonic mucosa with a withdrawal time of at least 6 minutes. 
To achieve adequate bowel preparation, documentation of bowel preparation with the Boston Bowel Preparation Scale (BBPS) should 
be a routine part of colonoscopy. When colonoscopists routinely followed the bowel preparation protocols, ≥85% of outpatient screen-
ing colonoscopies had a BBPS score of ≥6. In addition, the cecal intubation rate should be ≥95% of all screening colonoscopies. The 
first step in improving colonoscopy quality in Korea is to apply these key performance measurements in clinical practice. 
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for polyps of any size, 2.1%−12% for large polyps, and 5%−11% 
for advanced adenoma in previous studies.4-7 In addition, the 
detection rates of adenomas8 and sessile serrated lesions9 vary 
among colonoscopists. Therefore, efforts to maximize the 
quality of colonoscopy are essential. Improving the quality and 
performance of the procedure is a goal of every colonosco-
pist; however, the measurement and application of the quality 
indicators (QIs) of colonoscopy in daily clinical practice is a 
challenge for many practitioners. In addition, colonoscopists in 
both community and academic hospitals have to bear the bur-
den of a large volume of cases, resulting in a chasm between the 
ideal and the reality with respect to compliance with the QIs of 
colonoscopy. 

In this article, we aimed to provide practical advice for colo-
noscopists in optimizing the QIs of colonoscopy, with a focus 
on the four major indicators: adenoma detection rate (ADR), 
average withdrawal time (AWT), bowel preparation adequacy, 
and cecal intubation rate (CIR).  

    This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.
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ADENOMA DETECTION RATE 

The ADR can be defined as the number of patients with one or 
more adenomas divided by the total number of patients who 
underwent a screening colonoscopy.10 The American Society 
for Gastrointestinal Endoscopy (ASGE)/American College of 
Gastroenterology (ACG) Task Force on Quality in Endoscopy 
recommends ADR targets for screening colonoscopy of at least 
30% for men and 20% for women (25% for all patients) aged 
≥50 years.10 In a recent review by the American Gastroentero-
logical Association (AGA), the recommended ADR was 30%, 
with a recommended aspirational target of 35%.11 However, 
this expert review was not a formal systematic review and 
had no formal rating of the quality of evidence or the strength 
of recommendation. ADR is the best QI because there is a 
marked variation in the ADR among colonoscopists,12 which 
is the rationale for the creation of ADR targets. A Polish study 
on screening colonoscopy reported that the endoscopist’s 
ADR was significantly associated with the risk of interval CRC 
(p=0.008).13 Compared with an ADR of ≥20.0%, the hazard 
ratios for ADRs of <11.0%, 11.0%−14.9%, and 15.0%−19.9% 
were 10.94, 10.75, and 12.50, respectively. This study showed 
that the risk of interval CRC was significantly higher among 
patients who underwent colonoscopies performed by endos-
copists with an ADR of <20% than among those examined 
by endoscopists with an ADR of ≥20%. However, this finding 
was limited by the fact that the protection against interval 
CRC continued to improve when the ADR increased to >20%. 
Corley et al.14 reported the risk of interval CRC according to 
the quintiles of ADR from 7.35% to 52.51% based on 314,872 
colonoscopies performed by 136 gastroenterologists. Patients 
of gastroenterologists with ADRs in the highest quintile, as 
compared with patients of gastroenterologists with ADRs in 
the lowest quintile, had an adjusted hazard ratio of 0.52 for any 
interval CRC, 0.43 for advanced-stage interval CRC, and 0.38 
for fatal interval CRC. Therefore, the ADRs of all colonosco-
pists should be measured, and those with an overall ADR of 
<25% in screening colonoscopy need to improve their perfor-
mance. 

ADR is the best QI for mucosal inspection and the single 
most important QI for screening colonoscopy.10 However, the 
measurement of ADR is labor intensive and cumbersome. 
Therefore, it is difficult to apply this method in daily clinical 
practice. In addition, the adenoma miss rates still varied among 
high-ADR colonoscopists in a study in which 200 colonosco-

pists performed back-to-back colonoscopies,15 which raised the 
question of whether the ADR is indeed the best QI. Many lim-
itations of the ADR may also prevent its universal use in daily 
practice. First, as ADR measurement requires a manual review 
of pathology data, colonoscopists cannot know their ADR im-
mediately after the procedure. Therefore, the polyp detection 
rate (PDR) has been suggested as an alternative QI because it 
does not require pathological data. In a total of 1,921 colonos-
copies, the PDR and ADR correlated well in segments proximal 
to the splenic flexure but not in the left colon.16 Therefore, the 
PDR may be used as a surrogate for the ADR in the right colon. 
However, checking colonoscopy images one by one is challeng-
ing for colonoscopists. If the ADR can be calculated and auto-
matically monitored with natural language processing, which is 
a method used to extract the ADR from unstructured or free-
text data using computer-based artificial intelligence,17-19 ADR 
measurement may substantially improve the effectiveness of 
screening colonoscopy. Second, the use of the ADR as a QI may 
lead to a “one-and-done” approach to colonoscopy, in which 
colonoscopists might pay less attention to carefully examining 
the remaining colonic mucosa after identifying the first adeno-
ma. Therefore, the adenoma per colonoscopy (APC) rate has 
been suggested as a promising alternative to the ADR,20 as it 
reflects careful examination of the whole colon. However, the 
APC rate also has a limitation in that it is more cumbersome to 
measure than the ADR. Third, there are no guidelines for the 
minimum number of colonoscopies required to ensure reliable 
ADR estimates. When calculating 95% confidence intervals for 
theoretical ADRs of 15%−40% with varying sample sizes, large 
numbers of colonoscopies (e.g., 500 cases) are needed to pro-
vide narrow confidence intervals for typical ADR estimates.21 
Finally, the target ADR may be adjusted according to the indi-
cations of colonoscopy or age group. In a consensus statement 
by the US Multi-Society Task Force on CRC, the recommended 
targets for ADR were at least 45% for men and 35% for women 
aged ≥50 years in colonoscopy after a positive fecal immu-
nochemical test.22 For adults aged <50 years, our study group 
recommended an adjusted ADR target of 20% rather than 25% 
in screening colonoscopy.23  

To date, the ADR is the best QI for screening colonoscopy; 
however, there is a chasm between the ideal and the reality with 
respect to its universal use in daily practice. If natural language 
processing can fill this chasm in the near future, the ADR is ex-
pected to become a more effective and useful QI for screening 
colonoscopy. 
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AVERAGE WITHDRAWAL TIME 

Barclay et al.24 showed that an AWT of ≥6 minutes increased 
the detection rate of significant neoplastic lesions in normal 
screening colonoscopy. Colonoscopists with AWTs of ≥6 min-
utes had a higher detection rate of neoplasia (28.3% vs. 11.8%, 
p<0.001) and advanced neoplasia (6.4% vs. 2.6%, p=0.005) 
than those with AWTs of <6 minutes. In four representative 
studies comparing the AWT and ADR, the ADR proportionally 
increased as the AWT increased from 6 to 12 minutes.25 In an 
analysis of the Minnesota Cancer Surveillance System based on 
76,810 screening colonoscopies, a shorter annual AWT during 
screening colonoscopies was independently associated with 
a lower ADR and an increased risk of interval CRC.26 Careful 
colonoscopic examination is time consuming, but may result in 
an increased detection rate of significant neoplastic lesions. It is 
not difficult to measure the AWT in daily practice because most 
colonoscopic equipment support the monitoring of the exam-
ination time. Therefore, the AWT can only be a secondary QI 
to the ADR.27 How can the AWT be increased in daily practice? 
The AWT may increase when colonoscopists are aware of being 
monitored. In a Swiss study, the AWT in unmonitored colonos-
copists was shorter than the recommended AWT and increased 
with an awareness of monitoring (from 21% to 36%).28 

The AWT may be limited because it is only useful for mon-
itoring the performance of colonoscopists with low ADRs.27 
In addition, the AWT is not a useful QI when performing 
colonoscopy in patients with a history of surgical resection, 
biopsies, or polypectomies and in those with inadequate bowel 
preparation. In the ASGE/ACG guidelines, the recommended 
target AWT is 6 minutes10; however, whether 6 minutes is the 
actual optimal target level of AWT in screening colonoscopy 
remains unclear. In the AGA review, the minimum AWT target 
was also 6 minutes, although an aspirational target of 9 minutes 
was recommended.11 The European Society of Gastrointestinal 
Endoscopy (ESGE) guidelines also recommend 6 minutes as 
the minimum standard and 10 minutes as the target standard.29 
In the New Hampshire Colonoscopy Registry, the ADR and 
the detection rate of significant serrated polyps increased with 
each additional minute beyond an AWT of 6 minutes.30 How-
ever, in this study, an AWT of 9 minutes showed the maximum 
benefit for the ADR and the detection rate of serrated polyps. 
In the Norwegian Gastronet Quality Assurance program based 
on 4,429 colonoscopies performed by 67 colonoscopists, the 
detection rate of polyps ≥5 mm was not significantly different 

between colonoscopists with AWT ≥6 minutes and those with 
AWT <6 minutes.31 In this study, an AWT of 6 minutes was not 
a strong predictor of the likelihood of finding a polyp during 
colonoscopy. In a recent Korean study, the ADR was signifi-
cantly higher when the segmental withdrawal time was ≥2 min-
utes in the right-sided colon, ≥4 minutes in the proximal colon, 
and ≥3 minutes in the left-sided colon than when the segmental 
withdrawal times were shorter.32 This study suggests that the 
segmental withdrawal time is more important than the total 
withdrawal time. 

A gap still exists between the ideal and the reality in terms 
of the AWT in daily practice. In clinical practice, how time is 
utilized by colonoscopists matters more than the AWT target of 
6 minutes itself. It is important that colonoscopists do not me-
chanically maintain an AWT of 6 minutes but instead perform 
careful colonoscopy to maximally expose the colonic mucosa, 
which may naturally require more time. 

BOWEL PREPARATION ADEQUACY 

Inadequate bowel preparation may result in missed neoplastic 
lesions, incomplete colonoscopic examinations, and incomplete 
resection. In particular, nonpolypoid lesions are more likely to 
be missed than polypoid lesions when the bowel preparation is 
inadequate, especially in the right-sided colon.33 In a Spanish 
study, 36.3% of 132 cases of interval CRC were associated with 
inadequate bowel preparation, which suggests that high-quality 
bowel preparation can prevent interval CRC.34 The ASGE/ACG 
guidelines recommend documentation of bowel preparation 
quality in >98% and achieving adequate bowel preparation in 
≥85% of all outpatient screening colonoscopies.10 However, re-
cently, the target level for adequate bowel preparation has been 
increased.11,29 The updated AGA guidelines recommend achiev-
ing adequate bowel preparation in ≥90% (aspirational target 
≥95%) of screening colonoscopies.11 Similarly, the ESGE guide-
lines recommend ≥90% as the minimum standard and ≥95% as 
the target standard.29 Although adequate bowel preparation has 
not been clearly defined, bowel preparation can be considered 
adequate when polyps >5 mm in size are easily detected during 
colonoscopy.35 In daily practice, the quality of bowel prepara-
tion has been classified as excellent, good, fair, or poor; howev-
er, these terms do not have standardized definitions36 and have 
interobserver variations. For an objective documentation of 
bowel preparation, the Boston Bowel Preparation Scale (BBPS) 
can be used.37 In the BBPS, each of the three segments of the co-
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lon (right, transverse, and left) is scored from 0 to 3 after clean-
ing maneuvers such as washing and suctioning of retained fluid 
and stool.32 The scores for the three segments are then summed 
to obtain a total score of 0−9, in which 0 means an unprepared 
bowel and 9 means an entirely clean bowel. An instructional 
video demonstrating how to use the BBPS is available online 
at http://www.bmc.org/gastroenterology/research.htm.37 In a 
systematic review and meta-analysis of studies on the impact of 
bowel preparation quality on the ADR, intermediate/fair prepa-
ration quality may be followed up at standard guideline-recom-
mended surveillance intervals without substantially affecting 
quality as measured by the ADR.38 Therefore, excellent, good, or 
fair quality may be considered adequate preparation, whereas 
poor quality indicates inadequate preparation. In terms of the 
BBPS, a score of ≥6 is considered to indicate adequate prepara-
tion, and early repeat colonoscopy is recommended in patients 
with a BBPS score of 0 or 1 in any colon segment.39,40 When the 
quality of bowel preparation is inadequate according to these 
definitions, colonoscopy must be repeated at shorter than the 
recommended intervals.10 

Colonoscopists should assess the bowel preparation protocols 
when the frequency of inadequate bowel preparation is >15%. 
Two important factors for improving the quality of bowel 
preparation are the timing of colonoscopy and the split-dosing 
regimen. The most important determinant of bowel prepara-
tion quality is the timing of colonoscopy (e.g., the interval be-
tween the end of preparation ingestion and the start of colonos-
copy).41 Patients should ingest the second half of the split dose 
4−5 hours before the scheduled colonoscopy start time and 
finish the ingestion 2 hours before the procedure time.9 All pa-
tients should be educated on the split-dosing regimen for bowel 
preparation. Recently, low-volume preparation agents have 
been commonly used42,43; therefore, sufficient education on 
low-fiber diets is becoming more important than before, when 
high-volume preparation agents were commonly used. Euro-
pean guidelines recommend a low-fiber diet on the day before 
colonoscopy but do not have any recommendations about the 
use of a low-fiber diet for >24 hours before the procedure.44 

A large gap still exists between the target bowel preparation 
quality and the actual colonoscopy performance, as the report-
ed rate of inadequate bowel preparation was 28.1% and a split-
dose regimen was prescribed to only 55.4% of patients in actual 
practice.45 This gap may be narrowed when documentation of 
bowel preparation with BBPS becomes a routine part of colo-
noscopy. In addition, ≥85% of outpatient screening colonos-

copies had a BBPS score of ≥6 when colonoscopists routinely 
followed the bowel preparation protocols, including the appro-
priate timing of colonoscopy, use of the split-dosing regimen, 
and provision of a low-fiber diet education to patients. 

CECAL INTUBATION RATE 

Cecal intubation is defined as the successful insertion of the 
colonoscope tip up to the proximal part of the ileocecal valve 
and visualization of the entire cecal caput.10 Cecal intubation 
can be confirmed using landmarks, including the appendiceal 
orifice with triradiate folds and the ileocecal valve. If the op-
erator is not certain of cecal intubation, identification of the 
ileocecal valve and intubation of the terminal ileum may be 
necessary. When cecal landmarks are not clearly identified and 
colonoscopists take a photograph of the area believed to be the 
cecum from a distance, other colonic segments may be mis-
taken for the cecum. The ASGE/ACG guidelines recommend 
a target CIR of ≥95% during screening colonoscopy.10 How-
ever, in the National Health Service Bowel Cancer Screening 
Program, the CIR varied from 76.2% to 100% and was highly 
consistent with the ADR.46 According to the Ontario Cancer 
Registry, patients who underwent colonoscopy performed by 
a colonoscopist with a high CIR were less likely to develop in-
terval CRC.47 When 95 cases of cecal intubation failure were 
analyzed, the identified causes were redundant colon (56.8%), 
difficult sigmoid colon (34.7%), and sedation difficulty (8.4%).48 

In a recent study from primary health-care institutions in 
Korea, the proportion of incomplete examinations attributed 
to poor bowel preparation or difficulty in cecal intubation was 
only 4.9%.49 In addition, most hospital-based studies on screen-
ing colonoscopy in Korea reported a high CIR of nearly 100%.50 
As the primary health-care institutions are sufficiently achiev-
ing the target CIR (≥95%), the CIR may have little room for im-
provement in Korea. In this regard, the CIR may not be a good 
QI for screening colonoscopy in Korea, as most colonoscopists 
already have a high CIR. 

CONCLUSIONS 

In Korea, an ongoing pilot study is evaluating the efficacy and 
safety of population-based colonoscopy screening for CRC; 
however, a wide variation still exists in the performance level 
and the QIs of screening colonoscopy.51 As demonstrated in the 
NordICC study,52 suboptimal colonoscopy quality is a major 
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pitfall in population-based colonoscopy screening. To improve 
the performance of population-based colonoscopy screening, 
continuous measurement of QIs should be included in routine 
practice.53 

Among the many QIs of colonoscopy, the ADR, AWT, bowel 
preparation adequacy, and CIR should be prioritized and mon-
itored in daily practice. The first step in improving colonoscopy 
quality in Korea is to apply these key performance measure-
ments in clinical practice. At the same time, we anticipate future 
work to clarify the optimal colonoscopy QIs in Korea. 

Conflicts of Interest 

The authors have no conflicts of interest. 

Funding 

None. 

Author Contributions 

Conceptualization: JMC; Investigation: SBP; Supervision: JMC; 
Writing–original draft: SBP; Writing–review & editing: JMC. 

ORCID 

Su Bee Park https://orcid.org/0000-0002-4638-413X 
Jae Myung Cha https://orcid.org/0000-0001-9403-230X 

REFERENCES 

1.  Wong MC, Ding H, Wang J, et al. Prevalence and risk factors of col-
orectal cancer in Asia. Intest Res 2019;17:317–329. 

2.  Winawer SJ, Zauber AG, Ho MN, et al. Prevention of colorectal can-
cer by colonoscopic polypectomy. The National Polyp Study Work-
group. N Engl J Med 1993;329:1977–1981. 

3.  Zauber AG, Winawer SJ, O’Brien MJ, et al. Colonoscopic polypecto-
my and long-term prevention of colorectal-cancer deaths. N Engl J 
Med 2012;366:687–696.  

4.  van Rijn JC, Reitsma JB, Stoker J, et al. Polyp miss rate determined by 
tandem colonoscopy: a systematic review. Am J Gastroenterol 2006; 
101:343–350. 

5.  Pickhardt PJ, Nugent PA, Mysliwiec PA, et al. Location of adenomas 
missed by optical colonoscopy. Ann Intern Med 2004;141:352–359. 

6.  Heresbach D, Barrioz T, Lapalus MG, et al. Miss rate for colorectal 
neoplastic polyps: a prospective multicenter study of back-to-back 
video colonoscopies. Endoscopy 2008;40:284–290. 

7.  Ahn SB, Han DS, Bae JH, et al. The miss rate for colorectal adenoma 
determined by quality-adjusted, back-to-back colonoscopies. Gut 
Liver 2012;6:64–70. 

8.  Chen SC, Rex DK. Endoscopist can be more powerful than age and 
male gender in predicting adenoma detection at colonoscopy. Am J 
Gastroenterol 2007;102:856–861. 

9.  Hetzel JT, Huang CS, Coukos JA, et al. Variation in the detection of 
serrated polyps in an average risk colorectal cancer screening cohort. 
Am J Gastroenterol 2010;105:2656–2664. 

10. Rex DK, Schoenfeld PS, Cohen J, et al. Quality indicators for colo-
noscopy. Am J Gastroenterol 2015;110:72–90. 

11. Keswani RN, Crockett SD, Calderwood AH. AGA clinical practice 
update on strategies to improve quality of screening and surveillance 
colonoscopy: expert review. Gastroenterology 2021;161:701–711. 

12. Sanaka MR, Gohel T, Podugu A, et al. Adenoma and sessile ser-
rated polyp detection rates: variation by patient sex and colonic 
segment but not specialty of the endoscopist. Dis Colon Rectum 
2014;57:1113–1119. 

13. Kaminski MF, Regula J, Kraszewska E, et al. Quality indicators 
for colonoscopy and the risk of interval cancer. N Engl J Med 
2010;362:1795–1803. 

14. Corley DA, Jensen CD, Marks AR, et al. Adenoma detection rate and 
risk of colorectal cancer and death. N Engl J Med 2014;370:1298–
1306. 

15. Aniwan S, Orkoonsawat P, Viriyautsahakul V, et al. The secondary 
quality indicator to improve prediction of adenoma miss rate apart 
from adenoma detection rate. Am J Gastroenterol 2016;111:723–
729. 

16. Boroff ES, Gurudu SR, Hentz JG, et al. Polyp and adenoma detec-
tion rates in the proximal and distal colon. Am J Gastroenterol 
2013;108:993–999. 

17. Imler TD, Morea J, Kahi C, et al. Multi-center colonoscopy quality 
measurement utilizing natural language processing. Am J Gastroen-
terol 2015;110:543–552. 

18. Mehrotra A, Dellon ES, Schoen RE, et al. Applying a natural language 
processing tool to electronic health records to assess performance on 
colonoscopy quality measures. Gastrointest Endosc 2012;75:1233–
1239. 

19. Raju GS, Lum PJ, Slack RS, et al. Natural language processing as an 
alternative to manual reporting of colonoscopy quality metrics. Gas-
trointest Endosc 2015;82:512–519. 

20. Park SK, Kim HY, Lee CK, et al. Comparison of adenoma detection 
rate and adenoma per colonoscopy as a quality indicator of colonos-
copy. Scand J Gastroenterol 2016;51:886–890. 

21. Do A, Weinberg J, Kakkar A, et al. Reliability of adenoma detection 

336

https://doi.org/10.5217/ir.2019.00021
https://doi.org/10.5217/ir.2019.00021
https://doi.org/10.1056/nejm199312303292701
https://doi.org/10.1056/nejm199312303292701
https://doi.org/10.1056/nejm199312303292701
https://doi.org/10.1056/nejmoa1100370
https://doi.org/10.1056/nejmoa1100370
https://doi.org/10.1056/nejmoa1100370
https://doi.org/10.1111/j.1572-0241.2006.00390.x
https://doi.org/10.1111/j.1572-0241.2006.00390.x
https://doi.org/10.1111/j.1572-0241.2006.00390.x
https://doi.org/10.7326/0003-4819-141-5-200409070-00009
https://doi.org/10.7326/0003-4819-141-5-200409070-00009
https://doi.org/10.1055/s-2007-995618
https://doi.org/10.1055/s-2007-995618
https://doi.org/10.1055/s-2007-995618
https://doi.org/10.5009/gnl.2012.6.1.64
https://doi.org/10.5009/gnl.2012.6.1.64
https://doi.org/10.5009/gnl.2012.6.1.64
https://doi.org/10.1111/j.1572-0241.2006.01054.x
https://doi.org/10.1111/j.1572-0241.2006.01054.x
https://doi.org/10.1111/j.1572-0241.2006.01054.x
https://doi.org/10.1038/ajg.2010.315
https://doi.org/10.1038/ajg.2010.315
https://doi.org/10.1038/ajg.2010.315
https://doi.org/10.1038/ajg.2014.385
https://doi.org/10.1038/ajg.2014.385
https://doi.org/10.1053/j.gastro.2021.05.041
https://doi.org/10.1053/j.gastro.2021.05.041
https://doi.org/10.1053/j.gastro.2021.05.041
https://doi.org/10.1097/dcr.0000000000000183
https://doi.org/10.1097/dcr.0000000000000183
https://doi.org/10.1097/dcr.0000000000000183
https://doi.org/10.1097/dcr.0000000000000183
https://doi.org/10.1056/nejmoa0907667
https://doi.org/10.1056/nejmoa0907667
https://doi.org/10.1056/nejmoa0907667
https://doi.org/10.1056/nejmoa1309086
https://doi.org/10.1056/nejmoa1309086
https://doi.org/10.1056/nejmoa1309086
https://doi.org/10.1038/ajg.2015.440
https://doi.org/10.1038/ajg.2015.440
https://doi.org/10.1038/ajg.2015.440
https://doi.org/10.1038/ajg.2015.440
https://doi.org/10.1038/ajg.2013.68
https://doi.org/10.1038/ajg.2013.68
https://doi.org/10.1038/ajg.2013.68
https://doi.org/10.1038/ajg.2015.51
https://doi.org/10.1038/ajg.2015.51
https://doi.org/10.1038/ajg.2015.51
https://doi.org/10.1016/j.gie.2012.01.045
https://doi.org/10.1016/j.gie.2012.01.045
https://doi.org/10.1016/j.gie.2012.01.045
https://doi.org/10.1016/j.gie.2012.01.045
https://doi.org/10.1016/j.gie.2015.01.049
https://doi.org/10.1016/j.gie.2015.01.049
https://doi.org/10.1016/j.gie.2015.01.049
https://doi.org/10.3109/00365521.2016.1157892
https://doi.org/10.3109/00365521.2016.1157892
https://doi.org/10.3109/00365521.2016.1157892
https://doi.org/10.1016/j.gie.2012.10.023


rate is based on procedural volume. Gastrointest Endosc 2013; 
77:376–380. 

22. Robertson DJ, Lee JK, Boland CR, et al. Recommendations on fecal 
immunochemical testing to screen for colorectal neoplasia: a con-
sensus statement by the US Multi-Society Task Force on colorectal 
cancer. Gastrointest Endosc 2017;85:2–21. 

23. Yoon JY, Cha JM, Shin JE, et al. An adjusted level of adenoma  
detection rate is necessary for adults below 50 years old. J Clin Gas-
troenterol 2018;52:703–708. 

24. Barclay RL, Vicari JJ, Doughty AS, et al. Colonoscopic withdrawal 
times and adenoma detection during screening colonoscopy. N Engl 
J Med 2006;355:2533–2541. 

25. Chaptini L, Laine L. Can I improve my adenoma detection rate?  
J Clin Gastroenterol 2015;49:270–281. 

26. Shaukat A, Rector TS, Church TR, et al. Longer withdrawal time  
is associated with a reduced incidence of interval cancer after screen-
ing colonoscopy. Gastroenterology 2015;149:952–957. 

27. Barclay RL, Vicari JJ, Greenlaw RL. Effect of a time-dependent  
colonoscopic withdrawal protocol on adenoma detection during 
screening colonoscopy. Clin Gastroenterol Hepatol 2008;6:1091–
1098. 

28. Vavricka SR, Sulz MC, Degen L, et al. Monitoring colonoscopy with-
drawal time significantly improves the adenoma detection rate and 
the performance of endoscopists. Endoscopy 2016;48:256–262. 

29. Kaminski MF, Thomas-Gibson S, Bugajski M, et al. Performance 
measures for lower gastrointestinal endoscopy: a European Society 
of Gastrointestinal Endoscopy (ESGE) quality improvement initia-
tive. United European Gastroenterol J 2017;5:309–334. 

30. Butterly L, Robinson CM, Anderson JC, et al. Serrated and ade-
nomatous polyp detection increases with longer withdrawal time: 
results from the New Hampshire Colonoscopy Registry. Am J Gas-
troenterol 2014;109:417–426. 

31. Moritz V, Bretthauer M, Ruud HK, et al. Withdrawal time as a qual-
ity indicator for colonoscopy: a nationwide analysis. Endoscopy 
2012;44:476–481. 

32. Jung Y, Joo YE, Kim HG, et al. Relationship between the endoscopic 
withdrawal time and adenoma/polyp detection rate in individual 
colonic segments: a KASID multicenter study. Gastrointest Endosc 
2019;89:523–530. 

33. Bianco MA, Cipolletta L, Rotondano G, et al. Prevalence of non-
polypoid colorectal neoplasia: an Italian multicenter observational 
study. Endoscopy 2010;42:279–285. 

34. Munoz Garcia-Borruel M, Hervas Molina AJ, Rodriguez Peralvarez 
ML, et al. Post-colonoscopy colorectal cancer: characteristics and 
predictive factors. Med Clin (Barc) 2018;150:1–7. 

35. Rex DK, Bond JH, Winawer S, et al. Quality in the technical per-
formance of colonoscopy and the continuous quality improvement 
process for colonoscopy: recommendations of the U.S. Multi-Society 
Task Force on Colorectal Cancer. Am J Gastroenterol 2002;97:1296–
1308.  

36. Larsen M, Hills N, Terdiman J. The impact of the quality of colon 
preparation on follow-up colonoscopy recommendations. Am J 
Gastroenterol 2011;106:2058–2062. 

37. Calderwood AH, Jacobson BC. Comprehensive validation of the 
Boston Bowel Preparation Scale. Gastrointest Endosc 2010;72:686–
692. 

38. Clark BT, Rustagi T, Laine L. What level of bowel prep quality re-
quires early repeat colonoscopy: systematic review and meta-analysis 
of the impact of preparation quality on adenoma detection rate. Am 
J Gastroenterol 2014;109:1714–1723. 

39. Johnson DA, Barkun AN, Cohen LB, et al. Optimizing adequacy of 
bowel cleansing for colonoscopy: recommendations from the U.S. 
multi-society task force on colorectal cancer. Gastrointest Endosc 
2014;80:543–562. 

40. Clark BT, Protiva P, Nagar A, et al. Quantification of adequate bowel 
preparation for screening or surveillance colonoscopy in men. Gas-
troenterology 2016;150:396–405. 

41. Kilgore TW, Abdinoor AA, Szary NM, et al. Bowel preparation with 
split-dose polyethylene glycol before colonoscopy: a meta-analysis 
of randomized controlled trials. Gastrointest Endosc 2011;73:1240–
1245. 

42. Kim J, Kim HG, Kim KO, et al. Clinical comparison of low-volume 
agents (oral sulfate solution and sodium picosulfate with mag-
nesium citrate) for bowel preparation: the EASE study. Intest Res 
2019;17:413–418. 

43. Shin SH, Kwon KA. Oral sulfate solution is as effective as 2 L poly-
ethylene glycol plus ascorbic acid. Clin Endosc 2020;53:503–504. 

44. Hassan C, Bretthauer M, Kaminski MF, et al. Bowel preparation 
for colonoscopy: European Society of Gastrointestinal Endoscopy 
(ESGE) guideline. Endoscopy 2013;45:142–150. 

45. Woo DH, Kim KO, Jeong DE, et al. Prospective analysis of factors 
associated with inadequate bowel preparation for colonoscopy in 
actual clinical practice. Intest Res 2018;16:293–298. 

46. Lee TJ, Rutter MD, Blanks RG, et al. Colonoscopy quality measures: 
experience from the NHS Bowel Cancer Screening Programme. Gut 
2012;61:1050–1057. 

47. Baxter NN, Sutradhar R, Forbes SS, et al. Analysis of administrative 
data finds endoscopist quality measures associated with postcolo-
noscopy colorectal cancer. Gastroenterology 2011;140:65–72. 

48. Rex DK, Chen SC, Overhiser AJ. Colonoscopy technique in consecu-

Park et al. Quality indicators of colonoscopy

337

https://doi.org/10.1016/j.gie.2012.10.023
https://doi.org/10.1016/j.gie.2012.10.023
https://doi.org/10.1038/ajg.2016.492
https://doi.org/10.1038/ajg.2016.492
https://doi.org/10.1038/ajg.2016.492
https://doi.org/10.1038/ajg.2016.492
https://doi.org/10.1097/mcg.0000000000000901
https://doi.org/10.1097/mcg.0000000000000901
https://doi.org/10.1097/mcg.0000000000000901
https://doi.org/10.1056/nejmoa055498
https://doi.org/10.1056/nejmoa055498
https://doi.org/10.1056/nejmoa055498
https://doi.org/10.1097/mcg.0000000000000293
https://doi.org/10.1097/mcg.0000000000000293
https://doi.org/10.1053/j.gastro.2015.06.044
https://doi.org/10.1053/j.gastro.2015.06.044
https://doi.org/10.1053/j.gastro.2015.06.044
https://doi.org/10.1016/j.cgh.2008.04.018
https://doi.org/10.1016/j.cgh.2008.04.018
https://doi.org/10.1016/j.cgh.2008.04.018
https://doi.org/10.1016/j.cgh.2008.04.018
https://doi.org/10.1055/s-0035-1569674
https://doi.org/10.1055/s-0035-1569674
https://doi.org/10.1055/s-0035-1569674
https://doi.org/10.1177/2050640617700014
https://doi.org/10.1177/2050640617700014
https://doi.org/10.1177/2050640617700014
https://doi.org/10.1177/2050640617700014
https://doi.org/10.1038/ajg.2013.442
https://doi.org/10.1038/ajg.2013.442
https://doi.org/10.1038/ajg.2013.442
https://doi.org/10.1038/ajg.2013.442
https://doi.org/10.1055/s-0032-1306898
https://doi.org/10.1055/s-0032-1306898
https://doi.org/10.1055/s-0032-1306898
https://doi.org/10.1016/j.gie.2018.09.016
https://doi.org/10.1016/j.gie.2018.09.016
https://doi.org/10.1016/j.gie.2018.09.016
https://doi.org/10.1016/j.gie.2018.09.016
https://doi.org/10.1055/s-0029-1244020
https://doi.org/10.1055/s-0029-1244020
https://doi.org/10.1055/s-0029-1244020
https://doi.org/10.1016/j.medcle.2017.11.020
https://doi.org/10.1016/j.medcle.2017.11.020
https://doi.org/10.1016/j.medcle.2017.11.020
https://doi.org/10.1111/j.1572-0241.2002.05812.x
https://doi.org/10.1111/j.1572-0241.2002.05812.x
https://doi.org/10.1111/j.1572-0241.2002.05812.x
https://doi.org/10.1111/j.1572-0241.2002.05812.x
https://doi.org/10.1038/ajg.2011.238
https://doi.org/10.1038/ajg.2011.238
https://doi.org/10.1038/ajg.2011.238
https://doi.org/10.1016/j.gie.2010.06.068
https://doi.org/10.1016/j.gie.2010.06.068
https://doi.org/10.1016/j.gie.2010.06.068
https://doi.org/10.1038/ajg.2014.232
https://doi.org/10.1038/ajg.2014.232
https://doi.org/10.1038/ajg.2014.232
https://doi.org/10.1038/ajg.2014.232
https://doi.org/10.1016/j.gie.2014.08.002
https://doi.org/10.1016/j.gie.2014.08.002
https://doi.org/10.1016/j.gie.2014.08.002
https://doi.org/10.1016/j.gie.2014.08.002
https://doi.org/10.1053/j.gastro.2015.09.041
https://doi.org/10.1053/j.gastro.2015.09.041
https://doi.org/10.1053/j.gastro.2015.09.041
https://doi.org/10.1016/j.gie.2011.02.007
https://doi.org/10.1016/j.gie.2011.02.007
https://doi.org/10.1016/j.gie.2011.02.007
https://doi.org/10.1016/j.gie.2011.02.007
https://doi.org/10.5217/ir.2018.00156
https://doi.org/10.5217/ir.2018.00156
https://doi.org/10.5217/ir.2018.00156
https://doi.org/10.5217/ir.2018.00156
https://doi.org/10.5946/ce.2020.227
https://doi.org/10.5946/ce.2020.227
https://doi.org/10.1055/s-0032-1326186
https://doi.org/10.1055/s-0032-1326186
https://doi.org/10.1055/s-0032-1326186
https://doi.org/10.5217/ir.2018.16.2.293
https://doi.org/10.5217/ir.2018.16.2.293
https://doi.org/10.5217/ir.2018.16.2.293
https://doi.org/10.1136/gutjnl-2011-300651
https://doi.org/10.1136/gutjnl-2011-300651
https://doi.org/10.1136/gutjnl-2011-300651
https://doi.org/10.1053/j.gastro.2010.09.006
https://doi.org/10.1053/j.gastro.2010.09.006
https://doi.org/10.1053/j.gastro.2010.09.006
https://doi.org/10.1016/j.cgh.2007.03.015


tive patients referred for prior incomplete colonoscopy. Clin Gastro-
enterol Hepatol 2007;5:879–883. 

49. Park SH, Hong KI, Park HC, et al. Colon polyp detection in primary 
health care institutions of Korea: detection rate and issues with fol-
lowing the guidelines. Korean J Gastroenterol 2021;78:328–336. 

50. Kim DH, Lee SY, Choi KS, et al. The usefulness of colonoscopy as a 
screening test for detecting colorectal polyps. Hepatogastroenterolo-
gy 2007;54:2240–2242. 

51. Choi JH, Cha JM, Yoon JY, et al. The current capacity and quality of 
colonoscopy in Korea. Intest Res 2019;17:119–126. 

52. Bretthauer M, Kaminski MF, Loberg M, et al. Population-based colo-
noscopy screening for colorectal cancer: a randomized clinical trial. 
JAMA Intern Med 2016;176:894–902. 

53. Yoon JY, Cha JM, Jeen YT, et al. Quality is the key for emerging issues 
of population-based colonoscopy screening. Intest Res 2018;16:48–
54.  

338

https://doi.org/10.1016/j.cgh.2007.03.015
https://doi.org/10.1016/j.cgh.2007.03.015
https://doi.org/10.4166/kjg.2021.123
https://doi.org/10.4166/kjg.2021.123
https://doi.org/10.4166/kjg.2021.123
https://www.ncbi.nlm.nih.gov/pubmed/18265641
https://www.ncbi.nlm.nih.gov/pubmed/18265641
https://www.ncbi.nlm.nih.gov/pubmed/18265641
https://doi.org/10.5217/ir.2018.00060
https://doi.org/10.5217/ir.2018.00060
https://doi.org/10.1001/jamainternmed.2016.0960
https://doi.org/10.1001/jamainternmed.2016.0960
https://doi.org/10.1001/jamainternmed.2016.0960
https://doi.org/10.5217/ir.2018.16.1.48
https://doi.org/10.5217/ir.2018.16.1.48
https://doi.org/10.5217/ir.2018.16.1.48


INTRODUCTION 

Acute upper gastrointestinal (UGI) bleeding presents an inci-
dence of approximately 40−150 new cases per 100.000 popu-
lation/year, and it represents a common cause of hospital ad-
mission with a significantly associated morbidity and mortality 
rate, especially in elderly subjects.1 The most frequent causes 
of acute UGI bleeding are non-variceal, including gastric and 
duodenal peptic ulcers (28%−59%); mucosal erosions of the 

Since the earliest reports, advanced clipping systems have been developed, and it is possible to choose among many models with differ-
ent structural and technical features. The main drawback of through-the-scope clips is their small size, which allows the compression 
of limited amounts of tissue needed for large-size vessel treatment. Therefore, the over-the-scope clip system was realized, allowing a 
larger and stronger mechanical compression of large tissue areas, with excellent results in achieving a definitive hemostasis in difficult 
cases. Many studies have analyzed the indications and efficacy of two-pronged endoclips and have shown good results for initial and 
permanent hemostasis. The aim of this review was to provide updated information on indications, positioning techniques, and results 
of clip application for endoscopic treatment of upper gastrointestinal non-variceal bleeding lesions. 
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esophagus, stomach, or duodenum (1%−47%);  Mallory-Weiss 
syndrome (MWS; 4%−7%); and malignancy (2%−4%).2 

Despite the widespread use of proton pump inhibitors to re-
duce the incidence of UGI bleeding in the last 15 years, the rate 
of bleeding peptic ulcers caused by aspirin and non-steroidal 
anti-inflammatory drugs has increased.3 Moreover, the mortal-
ity rate has remained substantially unchanged over the last two 
decades, mainly due to population aging and the presence of 
comorbidities.4,5 

Although self-limiting in some cases, endoscopic treatment 
has been recommended as the first choice of treatment to re-
duce morbidity and mortality related to both acute bleeding 
and rebleeding episodes.6 Among the different therapeutic 
approaches used in endoscopy, clips can achieve immediate 
mechanical hemostasis without additional tissue damage.7,8 The 
earliest report on metal endoclips was published more than 40 
years ago by a Japanese group,9 but the first experience with this 
endoscopic treatment of non-variceal bleeding was described in 
1993.10 Thereafter Olympus Corporation (Tokyo, Japan) mar-
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keted the first model of through-the-scope (TTS) endoscopic 
hemoclip.  

THROUGH-THE-SCOPE CLIPS 

Apart from the device model, the mechanism of the clipping ac-
tion is the compression of vessels by grasping the surrounding 
tissue of the lesion. Different TTS clips are currently available 
and diversified in terms of material (stainless steel, titanium, 
and nitinol), arm length, angle of closure, width of opening 
diameter, shape, and number of clip prongs. Moreover, pre-
loaded and ready for use, the most recent clips are rotating and 
engineered to enable opening and closing more times prior to 
finalizing deployment, with a working length ranging between 
225 and 250 cm. Furthermore, they are magnetic resonance 
imaging compatible with up to 3.0 Tesla. Clips have two clos-
ing arms, but a three-pronged arms model was introduced in 
2003 (TriClip; Cook Medical, Bloomington, IN, USA). It allows 
easy grasping of a bleeding lesion, such as a polypectomy stalk, 
without the need for rotation, although it cannot be reopened. 
Unfortunately, this clip was marketed until 2015. Notably, 
multi-firing clip devices were developed, allowing the appli-
cation of 3−4 preloaded, rotable, and reopenable clips without 
changing the device. Data from of a few studies in ex vivo or an-
imal models showed no substantial differences that emerged in 
the efficacy among devices.11-14 A recent study15 compared five 
commercially available TTS clips (Instinct, Cook Medical; Res-

olution, Boston Scientific, Marlborough, MA, USA; DuraClip, 
ConMed, Largo, FL, USA; SureClip, Micro-Tech, Ann Arbour, 
MI, USA; QuickClip Pro, Olympus, Center Valley, PA, USA). 
The open width, jaw length, global clip length, tail length, and 
functionality (rotability, overshoot, precision of opening and 
closing, tensile strength, and closure strength) were evaluated. 
The clips were tested by using different models of gastroscope 
or duodenoscope in four configurations as follows: straight, 
duodenal sweep, full retroflexion, and across the duodenoscope 
elevator. 

Resolution was the fastest in terms of rotatability, with its 
primary rotation control (p<0.05). Resolution, SureClip, and 
DuraClip allowed the rotation through the prescribed sequence 
across all scope configurations. SureClip and Resolution showed 
the least overshoot at 0% for the straight configuration, whereas 
all clips had overshoot at >75% for more strained configura-
tions. SureClip and DuraClip had high precision for opening 
and closing movements, with the possibility to stopping at any 
point, unlike other clips that had an abrupt opening and a more 
controlled closure. The QuickClip Pro showed the highest peak 
force, which was comparable to the tensile strength required for 
lateral tissue manipulation. For closure strength, Instinct had 
the most gel compression, with 100% deployment success for all 
gel tissue thicknesses (up to 10 mm). Data from this study are 
clinically relevant, although they lack economic aspects. Figure 
1 reports the main features of the TTS clips, considering both 
the physical and the functional characteristics. 

Fig. 1. Physical and functional features of through-the-scope (TTS) clips. +++, best performance; ++, good performance; +, medium perfor-
mance.
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OVER-THE-SCOPE CLIPS 

Recently Ovesco (Tudbingen, Germany) has developed a niti-
nol over-the-scope clip (OTSC) that is mounted onto the distal 
tip of the endoscope, such as in rubber-band ligation devices. 
Owing to their structural features, OTSCs overcome the main 
limitations of TTS clipping devices, such as the small size of 
the clip arms, which limits their efficacy on large-sized vessels 
or lesions.16 Their performance in achieving definitive hemo-
stasis is very high, mainly because of the larger and stronger 
mechanical compression of large tissue areas surrounding the 
vessels.17 However, reloading of the OTSC system requires re-
moval of the instrument, which is a disadvantage.16-20 OTSCs 
are particularly useful for endoscopic repair of digestive iatro-
genic (postsurgical and postendoscopic resection) perforations 
and massive bleeding.18-21 The main technical characteristic 
of nitinol is that it applies a permanent closing force, which 
is necessary for sufficient tissue compression, as shown by 
phantom tests and in animal models.22 Two different configu-
rations of OTSCs are available: the nontraumatic version with 
blunt teeth and the traumatic version with sharp teeth. The last 
developed clip is the Padlock (Aponos Medical Corporation, 
Kingston, NH, USA). It is a nitinol ring with six inner needles 
preassembled on an applicator cap, with a specific system to 
displace the thumb press. For the other OTSCs, this clip had a 
trigger wire placed near the shaft of the endoscope. The orig-
inal form of the clip, that appears once it is deployed, is an 11 
mm hexagonal ring that gathers, folds, and compresses the 
tissue.19 Padlock is equipped with a radial compression system 
that provides 360° tissue compression, and precise tissue con-
trollers limit penetration and tissue-on-tissue pressure, main-
taining blood flow to promote lesion healing.  

Figure 2 shows the main features of OTSCs, considering both 
physical and functional characteristics. The cost of devices in 

Italy is reported in Table 1, but they may vary in different coun-
tries. 

LESIONS CLIPPING 

Hemostasis is defined from both technical and clinical points of 
view. Technically, hemostasis is defined as a bleeding interrup-
tion for at least 1 minute after endoscopic treatment. Clinically, 
hemostasis is achieved when no further decrease in hemoglo-
bin level occurs following endoscopic treatment and shock cor-
rection. Clips can be used for both therapeutic and preventive 
purposes. 

Therapeutic use of clips 
Several studies have reported that clips are particularly helpful 
and effective when acute active bleeding is encountered and a 
hemorrhagic source is identified. Indications for clipping in-
clude gastric ulcer, duodenal ulcer, MWS, Dielafoy lesion, post-
operative anastomosis bleeding, post-polypectomy and muco-
sectomy bleeding, angiodysplasias, and post-sphincterotomy 
bleeding.7,14,22-31 
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Reloading of the OTSC system needs 
removal of the instrument

Nitinol

Nitinol

Nitinol

Traimatic version (with sharp teeth)

Padlock

OTSC type Use Disadvantage Material

Fig. 2. Main features of the over-the-scope clip (OTSC).

Table 1. Cost for single clip of different models currently marketed 
in Italy

Model Cost (€)
Instinct 160
Resolution 140
QuickClip Pro 130
DuraClip 115
SureClip 90
Ovesco a) 500
Padlock a) 500

a)Ovesco and Padlock clips are provided in a complete kit, with a distal 
transparent cap and release system.
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1) Bleeding peptic ulcer 
Bleeding peptic ulcer is the main cause of UGI bleeding.32 Early 
endoscopic treatment should be performed within 24 hours 
upon admission to reduce the risk of rebleeding and the need 
for surgery.33-35 Endoscopic clipping is indicated for patients 
with active bleeding ulcers and for those with a non-bleeding 
visible vessel (Forrest classes Ia, Ib, and IIa). Ulcers corre-
sponding to type IIb on the Forrest classification have specific 
management consisting of clot removal to evaluate whether the 
lesion is suitable for endoscopic hemostasis.8 Lau et al.36 have 
reported endoscopic clipping as an effective treatment, simi-
lar to epinephrine injection and thermocoagulation in terms 
of efficacy. Moreover, other studies underlined that clipping 
as monotherapy reduces the rebleeding rate and requirement 
for surgery when compared to epinephrine injection alone, 
with an efficacy comparable to that of thermocoagulation.37-39 
The European Society for Gastrointestinal Endoscopy (ESGE) 
guidelines recommend endoscopic clipping as the first choice of 
treatment for ulcers with no active bleeding, whereas epineph-
rine injection combined with a mechanical or thermal method 
is indicated for active bleeding ulcers.33 The success rate of clip-
ping with two-pronged clip treatment varies from 85% to 100%, 
and it is lower in patients with chronic ulcers.34 Factors predict-
ing clipping failure include ulcers >2 cm, brittle or callous le-
sions, localization of ulcers, such as the posterior duodenal wall, 
large non-bleeding vessel within the lesion, excessive blood in 
the stomach, presence of shock, or multiple comorbidities.8 In 
all these conditions, failure is mainly due to difficulty in clip 
placement; therefore, the skill of the endoscopist plays a pivotal 
role. 

Regarding the use of OTSCs in the treatment of refractory 
bleeding from peptic ulcers, a large series showed a primary 
success rate of 100%, with a recurrence rate of only 3.7%.40 
Similar results were achieved in patients with severe bleeding 
unresponsive to other endoscopic treatments, recurrent bleed-
ing, or high-risk lesions.16,41-43 By summarizing data of 1,517 
cases, a recent review calculated an overall success rate of 85% 
with OTSC positioning in refractory bleeding ulcers.44 The use 
of OTSCs as the first-line treatment in high-risk patients has 
been proposed,45 but American Gastroenterological Association 
guidelines suggest that hemostasis by OTSCs should be consid-
ered only in selected patients who had undergone conventional 
electrosurgical coagulation and hemostatic clips that are unsuc-
cessful or predicted to be ineffective.46 

2) Mallory-Weiss syndrome 
MWS is typically treated conservatively. Endoscopic treatment 
with endoscopic clipping, as well as with epinephrine injec-
tion or thermocoagulation, is recommended in cases of active 
bleeding at the procedure time or deep mucosal lacerations47 
and provides less tissue damage, decreasing the risk for perfo-
ration and necrosis in patients with MWS.21 In their study, Cho 
et al.48 and Park et al.49 showed that endoscopic clipping and 
endoscopic band ligation were effective and safe treatment in 
cases of bleeding lesions, and achieved higher success rates in 
terms of prevention of rebleeding compared to injection ther-
apy. 

3) Dielafoy lesion 
Dielafoy lesions are usually localized in the stomach and du-
odenum, and endoscopic clipping is considered superior to 
injection tools and is more effective for the management of 
acute bleeding than for reducing the rebleeding rate. In case of 
rebleeding, the placement of a metal clip at the site of the bleed-
ing allows it to be recognized if endoscopic or surgical inter-
vention is required.46 For these reasons, mechanical hemostasis 
with endoclipping or band ligation, should be the first choice of 
treatment for this type of lesion, although there is no consensus 
regarding its superiority compared to thermocoagulation. In 
a meta-analysis by Barakat et al.,50 treatment with endoscopic 
band ligation was compared with endoclipping in patients with 
UGI bleeding from a Dieulafoy lesion, and showed that the two 
treatments achieved similar results in terms of primary hemo-
stasis. The ESGE guidelines recommend that endoscopic treat-
ment of these lesions should be achieved with mechanical or 
thermal methods, such as monotherapy or in combination with 
epinephrine injection.33,51 

Preventive use of clips 
Endoscopic clipping is frequently used to prevent complica-
tions, such as delayed bleeding (i.e., occurring within 30 days) 
after endoscopic mucosal resection (EMR). Although contro-
versy exists regarding the cost-benefit ratio, guidelines have 
encouraged the use of endoclips in this setting as a preventive 
measure.52 

1) Esophageal or gastric endoscopic resections 
Despite a lack of consistent data, clipping closure during esoph-
ageal or gastric EMR or endoscopic submucosal dissection to 
prevent delayed bleeding is often performed in clinical practice. 
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The use of endoclips in these situations has been suggested in 
patients with portal hypertension, patients on anticoagulation 
and antiplatelet therapy, and in cases of a non-bleeding visible 
vessel at the resection site.53-56 

2) Duodenal endoscopic resections 
Endoscopic resection of duodenal lesions is technically diffi-
cult, mainly due to the marked peristalsis, reduced lumen, and 
challenging endoscope and device positioning.49 Moreover, 
the diffuse submucosal vascularization of the duodenum com-
bined with the presence of Brunner’s glands increases the risk 
for bleeding complications up to 14%, hindering the lifting of 
the target lesions.57,58 An et al.59 showed that after endoscop-
ic resection of nonampullary superficial tumors, preventive 
clipping of the site was associated with a reduced incidence of 
delayed bleeding (2.1% vs. 13.6%; p=0.053). The usefulness of 
preventive clipping has been confirmed in other studies,60,61 
particularly for lesions that are >10 mm or with visible vessels 
of >2 mm62-64; however, randomized studies are still lacking. 
Moreover, clipping was found to be superior to other endoscop-
ic treatments, such as epinephrine injection, with a significant 
reduction in rebleeding, fewer units of blood transfused, and a 
shorter hospital stay.65-67 

TECHNICAL TIPS 

The application of clips on bleeding lesions located in the prox-
imal stomach, particularly along the lesser curvature, might be 
technically difficult; therefore, the experience of the operator 
plays a major role. Following the identification of the bleed-
ing point, the typical two-pronged clip was exposed from the 
sheath, rotated to the desired axis, opened to its maximum 
width, and then pressed against the lesion. Partial suction 
should be applied, allowing the lumen to collapse, and the clip 
is then deployed. Indeed, the effect of clipping is stronger when 
the distance between the scope tip and the tissue is minimal, 
optimizing force translation.41,42 Moreover, it is fundamental to 
maintain the catheter as perpendicular as possible to the organ 
wall. Therefore, lesions in the lesser curvature of the gastric 
body, posterior duodenal bulb, or cardia are less amenable to 
clipping because of their relative tangential position in most 
situations.44-47 If needed, the procedure can be repeated, with a 
mean of three clip applications reported in the literature.1,5,7,8,16,21 
After the first clip was placed at the bleeding point, subsequent 
clips were positioned around the lesion to occlude the submu-

cosal vessels.5,12,35-40 

In a retroflexed position, clip deployment can be very de-
manding. In such cases, it is better to expose the clip from the 
sheath or even partially open it before retroflexing the scope. 
Nevertheless, moving an open clip may be dangerous, and 
scraping the lesion or dislodging it precociously, and should be 
avoided. Chronic hardened ulcers represent another challenge 
because the callous tissue may hamper a correct clip applica-
tion.5,8,56 Due to their location, there are lesions that are not fit-
ting for clipping, such as those where the clip could snatch the 
vessel rather than clip it, resulting in a significant damage. In 
cases with difficult access, other techniques have been suggest-
ed (cautery, use of injection devices, argon plasma coagulation, 
and hemostatic powders).12,54-56 

The OTSC system was designed to overcome the limitations 
of traditional TTS clips (large ulcers of >2 cm, large visible ves-
sels, or chronic ulcers) leading to a larger and stronger mechan-
ical compression of large tissue areas surrounding the vessel 
without direct trauma, with a high compression force of 8−9 N. 
This reduced the need for the application of multiple clips and 
improved the initial success rate.68 The correct, effective, and 
safe application of OTSCs depends on the fit between the cap 
and lesion. With the help of specific application devices, such 
as forceps or graspers, the lesion can be fixed and then pushed 
into the cap. Since visualization is impossible at the moment of 
application, the endoscopist must ensure the correct position. 
A disadvantage of this device in cases of active bleeding is the 
necessity to mount the OTSC system distally on the endoscope, 
which must be removed and reintroduced. A recent review 
pointed out some shortcomings of the OTSC deployment.69 
These include difficulty in introducing the probe in patients 
with stenosis of the UGI tract or intubated patients, incorrect 
location and shallow placement due to premature clip deploy-
ment, and mucosal damage during insertion. Moreover, after 
identifying the lesion with an endoscope, it is necessary to exit 
and return to the previously identified site for clip deployment. 
The Padlock clips, owing to a cup deeper than the OTSC, allow 
a more efficient suction that is sufficient to ensure tissue adhe-
sion to the instrument tip into the cap, without requiring other 
grasping instruments. The retroflexed position, angulated di-
gestive segments, large fibrotic ulcers, and complex postsurgical 
anatomy represent challenges in OTSC positioning. For these 
reasons, it is very important that the endoscopist using the 
OTSC system is skilled. 
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CONCLUSIONS  

The possibility of choice among many endoclip models, with 
different physical and technical features, allows the endoscopic 
treatment of UGI bleeding caused by different diseases, such 
as bleeding peptic ulcers, MWS, Dielafoy lesions, or bleedings 
after endoscopic resections, which also reduces the risk of re-
bleeding compared to other endoscopic treatments. OTSCs are 
particularly indicated for the endoscopic treatment of massive 
bleedings owing to their stronger mechanical compression of 
large tissue areas, and they were designed to overcome the lim-
itations of TTS clips, although there are some situations, such as 
retroflexed position, angulated digestive segments, large fibrotic 
ulcers, and complex postsurgical anatomy, which are challeng-
ing for OTSC positioning. 
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INTRODUCTION 

Cholangiocarcinoma is a rare cancer of the biliary tree. Chol-
angiocarcinoma may involve intrahepatic or extrahepatic bile 
ducts, excluding the ampulla of Vater or the gallbladder. Risk 
factors for the development of cholangiocarcinoma include 
biliary pathology, malformations, cholelithiasis, choledocholi-
thiasis, cholecystitis, cholecystectomy, cirrhosis, alcoholic liver 
disease, hepatitis B or C infection, type II diabetes, chronic 
pancreatitis, and smoking, among others.1 This disease carries a 
poor prognosis, with a median survival of less than 24 months.2 

Classification of tumor locations help in the determination 
of appropriate treatment modalities. The Bismuth-Corlette 

Referral to an endoscopist is often done once curative resection is no longer an option for cholangiocarcinoma management. In such 
cases, palliation has become the main objective of the treatment. Photodynamic therapy and radiofrequency ablation can be performed 
to achieve palliation, with both procedures associated with improved stent patency and survival. Despite the greatly increased cost and 
association with photosensitivity, photodynamic therapy allows transmission to the entire biliary tree. In contrast, radiofrequency abla-
tion is cheaper and faster to apply, but requires intraductal contact. This paper reviews both modalities and compares their efficacy and 
safety for bile duct cancer palliation. 
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classification is used to define the longitudinal tumor extension 
of perihilar cholangiocarcinoma.3 Extrahepatic cholangiocar-
cinoma can be classified by its location in the upper, middle, 
and lower third of the bile duct or simply by perihilar vs. distal 
cancer.4 Conversely, lateral tumor extension is defined by using 
the TNM staging of the American Joint Committee on Cancer 
(AJCC) cancer staging system. Tumor resectability can be de-
termined by the Blumgart T-staging system as well as the AJCC 
cancer staging system.4 Bismuth type I tumors are defined as le-
sions located below the confluence of the right and left hepatic 
ducts, and can be treated through extrahepatic bile duct resec-
tion. In contrast, Bismuth type II tumors extend to the hepatic 
ducts and can be treated with bile duct resection, hepaticojeju-
nostomy, and lymph node dissection. Bismuth type IIIa extends 
to the bifurcation of the right hepatic duct, while IIIb extends 
to the bifurcation of the left hepatic duct. General management 
for type III tumors involves hilar resection and hemihepatec-
tomy with lymph node dissection.3 Bismuth type IV tumors 
extend to the bifurcation of both right and left hepatic ducts, or 
are multicentric. Often, they are inoperable, with the exception 
of liver transplantation.4 

Surgery and/or hepatic transplantation is the curative treat-
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ment for cholangiocarcinoma. However, these modalities are 
rarely pursued in cases of advanced disease. In more widespread 
and unresectable cholangiocarcinoma, options range between 
a combination of biliary stenting, chemotherapy, immunother-
apy, and other locoregional therapies. These include external 
beam radiation therapy (EBRT), radiofrequency ablation (RFA), 
trans-arterial chemoembolization, and photodynamic therapy 
(PDT).5 This review focuses on the use of PDT and RFA in the 
palliation of cholangiocarcinoma.  

PALLIATIVE TREATMENT OPTIONS 

Biliary stenting 
Biliary stenting is the most commonly used palliation technique 
for patients with nonresectable cholangiocarcinoma. This is 
performed to relieve jaundice and symptoms of biliary obstruc-
tion. The two types of biliary stents commonly used are plastic 
stents (PS) and self-expandable metal stents (SEMSs). Primarily, 
PS is used to serve as a temporary bridge to surgery in cases of 
hilar or extrahepatic resectable tumors, while SEMS is preferred 
in cases with nonresectable tumors such as malignant hilar 
obstruction.6 In terms of clinical success, morbidity, and mor-
tality, the short-term results of SEMS and PS are comparable.6 
However, results differ with respect to long-term outcomes. In a 
retrospective analysis of 480 patients with cholangiocarcinoma, 
SEMS was observed to have higher technical and clinical suc-
cess rates and fewer complications compared to PS placement.7 
In the same study, the patency of bilateral SEMS and PS was 
significantly higher than that of unilateral SEMS or PS, with 
lower occlusion rates. Another randomized controlled trial 
comparing endoscopic retrograde cholangiopancreatography 
with SEMS vs. PS placement in patients with unresectable hilar 
cholangiocarcinoma reported that SEMS provided better drain-
age and longer survival compared to PS.8 The decision to offer 
unilateral or bilateral stenting is often made after imaging with 
magnetic resonance imaging, allowing selective drainage when 
specific segments of the biliary tree are non-dilated or atrophic. 

Radiofrequency ablation 
RFA is a common palliative treatment modality for patients 
with unresectable cholangiocarcinoma. This has been utilized 
for tumor ablation in various types of gastrointestinal malig-
nancies, including esophageal, rectal, and hepatic cancer. RFA 
works through the delivery of thermal energy within the tissue, 
leading to coagulative necrosis and cell death.9 Cholangioscopy 

can be used to assess necrosis (Fig. 1). 
For years, RFA procedures have been performed surgically 

and percutaneously. However, intrabiliary RFA through endos-
copy has been observed to be safe and effective. The most com-
monly used devices for intrabiliary RFA are the Habib HPB-
RF probe (Boston Scientific, Natick, MA, USA) and ELRA RF 
catheter (Taewoong, Medical USA, Los Angeles, CA, USA).9 

The use of RFA in cholangiocarcinoma improves stent paten-
cy by decreasing tumor ingrowth and benign epithelial hyper-
plasia.10 The first study demonstrated its safety and efficacy, and 
reported improved stricture after RFA treatment with minimal 
complications.10 Another early study of 20 patients with malig-
nant biliary obstruction, 11 of which were due to cholangiocar-
cinoma, revealed the safety and efficacy of RFA in conjunction 
with stenting in improving biliary stricture.11 In a later retro-
spective analysis examining the efficacy of RFA compared to 
stenting alone, RFA was shown to be an independent predictor 
of survival (hazard ratio, 0.29; p=0.012).12 

In recent years, randomized trials analyzing RFA treatment 
combined with stenting compared to stenting alone in chol-
angiocarcinoma have emerged. In a study of 65 patients with 
unresectable cholangiocarcinoma, the overall mean survival 
time was significantly better in patients who underwent RFA 
with stenting compared to those who underwent stenting alone 
(13.2% vs. 8.3%; p<0.001).13  

Photodynamic therapy  
PDT achieves local tumor ablation through the accumulation 
of a photosensitizer in the region of interest and supplying light 
energy of a specific wavelength and intensity to activate the 
photosensitizer.14 Photofrin (Pinnacle Biologics, Bannockburn, 
IL, USA) is the most frequently used photosensitizer due to its 
preferential uptake into malignant biliary tissue as opposed to 

Fig. 1. Biliary cancer (A) pre- and (B) post-radiofrequency ablation 
treatment seen by cholangioscopy.

A B
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normal tissue. Other photosensitizers such as Foscan (Biolitec 
Pharma Ltd, Jena, Germany), LS11, MACE, and 5-amino-
levulinic acid (5-ALA), have also demonstrated uptake into bil-
iary tissue. After uptake, the next step in PDT is the activation 
of the photosensitizer through delivery of light energy. This is 
performed through the use of fiber optics that pass through 
endoscopes to the target area. In the case of Photofrin, this is 
generally delivered intravenously at 2 mg/kg with illumination 
at 48 hours postinfusion at around 180–200 J/cm via 630 nm 
red light.14 Repeat PDT may be done at 3–6 months if clinically 
indicated. Cholangioscopy can be utilized to center the fiber, 
which will administer red light to the cancerous lesion (Fig. 2). 

The use of PDT in cholangiocarcinoma first emerged through 
the lens of a case report by McCaughan et al.15 and has since 
become a fundamental technique in the management of un-
resectable cholangiocarcinoma. Similar to RFA, PDT is often 
used as an adjunct to stenting to allow tumor shrinkage with 
concurrent resolution of biliary obstruction. However, PDT is 
associated with photosensitivity.14 

In a randomized study comparing patients who received 
stenting with subsequent PDT to those who had stenting alone, 
there was increased survival in the stenting with PDT group 
as compared to the stenting only group (493 days vs. 98 days; 
p<0.001).16 In an observational study of 48 patients over 5 years, 
there was increased survival in the PDT plus stenting group com-
pared to the stenting only group (16.2 months vs. 7.4 months; 
p<0.004).17 An earlier systematic review demonstrated the effi-
cacy and safety of PDT for the treatment of cholangiocarcinoma 
with minimal complications.18 In a more recent meta-analysis 
examining PDT with stenting vs. stenting alone for treatment 
and palliation in patients with cholangiocarcinoma, the survival 

Fig. 2. (A) Cancerous lesion assessed prior to photodynamic therapy. (B) Insertion of the fiber under cholangioscopic vision. (C) Administra-
tion of the right light under cholangioscopic control.

period was significantly higher in PDT with stenting compared 
to stenting alone (413 days vs. 183 days; p=0.004).19 

Photodynamic therapy vs. radiofrequency ablation 
A review of 54 studies consisting of 1,668 patients undergoing 
palliative treatment for cholangiocarcinoma with either PDT 
or RFA was conducted by the authors. The review included 37 
studies on PDT consisting of 1,186 patients and 17 studies on 
RFA consisting of 482 patients. The overall survival rates and 
adverse events from the studies are detailed in Tables 116,17,20-48 

and 2.13,38,49-63 

Results from a recent systematic review and meta-analysis 
on the use of RFA, PDT, and biliary stenting in the treatment of 
unresectable extrahepatic cholangiocarcinoma showed prom-
ising use of PDT over RFA or stenting. This review analyzed 
55 studies consisting of 2,146 patients, 1,149 of which were 
treated with PDT, 545 treated with RFA, and 452 treated with 
stenting only. The study found that the pooled overall survival 
rate was 11.9 months (95% confidence interval [CI], 10.7−13.1) 
with PDT, 8.1 months (95% CI, 6.4−9.9) with RFA, and 6.7 
months (95% CI, 4.9−8.4) with stenting alone.64 In addition, 
this meta-analysis demonstrated that the pooled survival rate 
of patients undergoing endoscopic and percutaneous RFA were 
12 months (95% CI, 9.8−14.3) and 5 months (95% CI, 3−6.9), 
respectively.64 The pooled 30-day mortality rate among patients 
undergoing PDT was 3.3% (95% CI, 1.6%−6.7%) compared to 
7% (95% CI, 4.1%−11.7%) among those undergoing RFA.64 

Adverse events 
The PDT and RFA studies cited cholangitis, sepsis, liver ab-
scess, pancreatitis, and phototoxicity as the most frequent ad-
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verse events. Cholangitis was the most common adverse event 
in both modalities, reported in 21% and 9.3% of patients who 
received PDT and RFA, respectively. Sepsis, liver abscess, and 
pancreatitis were also reported in both modalities. In addition, 

phototoxicity was reported in 5.6% of patients undergoing PDT. 
Many of these adverse events may not be intrinsic to the treat-
ment modalities themselves, but may be related to the method 
of delivery.  

Table 1. Studies using PDT for treatment of cholangiocarcinoma
Study Study design No. of patients OS (mo) Adverse events
Berr et al. (2000)20 Prospective 23 9.1 Cholangitis (8), phototoxicity (3)
Dumoulin et al. (2003)21 Prospective 24 9.9 Cholangitis (2), phototoxicity (1), peritonitis (1)
Ortner et al. (2003)16 RCTa) 39 16.43 Cholangitis (3), phototoxicity (2)
Wiedmann et al. (2004)22 Prospective 23 9.3 Cholangitis (13), phototoxicity (3)
Shim et al. (2005)23 Prospective 24 18.6 Phototoxicity (7), sepsis (1), abscess (1)
Zoepf et al. (2005)24 RCT b) 32 21 Infection (4)
Witzigmann et al. (2006)25 Prospective 68 12 Cholangitis (38), phototoxicity (8)
Prasad et al. (2007)26 Retrospective 25 7.13 Pancreatitis (2), cholangitis (1)
Kahaleh et al. (2008)17 Prospective 19 16.2 Cholangitis (7), phototoxicity (3)
Fuks et al. (2009)27 Prospective 14 13.8 Cholangitis (8), phototoxicity (2)
Quyn et al. (2009)28 Prospective 23 14.16 Sepsis (5), phototoxicity (4)
Gerhardt et al. (2010)29 Prospective 8 12.3 Cholangitis (1), abscess (1)
Hoblinger et al. (2011)30 Retrospective 10 47.6 Cholangitis (2), phototoxicity (1)
Cheon et al. (2012)31 Retrospective 72 9.8 Phototoxicity (10), sepsis (1), abscess (1)
Lee et al. (2012)32 Retrospective 18 11.8 Cholangitis (1), phototoxicity (1)
Pereira et al. (2012)33 Prospective 36 12 Sepsis (5), phototoxicity (4)
Bahng et al. (2013)34 Prospective 11 4.68 -
Talreja et al. (2013),35 Retrospective c) A: 25 8.57 Cholangitis (28), abscess (6), phototoxicity (3), other (7)

B: 29 6.1 -
Hong et al. (2014),36 Retrospective d) A: 16 17.93 Cholangitis (1)

B: 58 11.13 Cholangitis (3), phototoxicity (2), abscess (2)
Park et al. (2014),37 RCTe) A: 21 17 Phototoxicity (2), abscess (1)

B: 22 8 Phototoxicity (2), abscess (2)
Strand et al. (2014)38 Retrospective 32 7.5 Cholangitis, abscess
Hauge et al. (2016)39 RCTf) 10 7.9 Cholangitis (5)
Wagner et al. (2015)40 Prospective 29 15.4 Phototoxicity (5), cholangitis (4), abscess (2), cholecystitis (2)
Lee et al. (2016),41 Retrospective g) A: 24 11.6 -

B: 13 9.5 -
Wentrup et al. (2016),42 Retrospective h) A: 33 17.33 Cholangitis (25)

B: 35 12.47 Cholangitis (27)
Yang et al. (2016)43 Prospective 39 13.8 Cholangitis (1)
Dolak et al. (2017)44 Prospective 88 12.4 Cholangitis (21), sepsis (1), abscess (1)
Pereira et al. (2018)45 RCTi) 92 6.2 Sepsis (2), cholangitis (1), pancreatitis (1)
Gonzalez-Carmona et al. 

(2019),46
Retrospective j) A: 36 20 Cholangitis (20), abscess (5), phototoxicity (4), other (4)

B: 34 15 Cholangitis (15), phototoxicity (3), other (2)
Shiryaev et al. (2019)47 Case series 33 14 Cholangitis (11)
Wu et al. (2019)48 Retrospective 59 17.6 -

PDT, photodynamic therapy; OS, overall survival; RCT, randomized controlled trial; RT, radiotherapy; PTCS, percutaneous transhepatic cholangioscopy; 
ERCP, endoscopic retrograde cholangiopancreatography.
a)PDT+stenting vs. stenting alone; b)PDT vs. endoprosthesis; c)PDT+chemo/RT (A) vs. PDT alone (B); d)PDT+chemo (A) vs. PDT alone (B); e)PDT+ S-1 (A) 
vs. PDT alone (B); f)PDT+chemo/stent vs. chemo/stent alone; g)PTCS-directed PDT (A) vs. ERCP-directed PDT (B); h)PDT+chemo (A) vs. PDT alone (B); 
i)PDT+stenting vs. stending alone; j)PDT+chemo (A) vs. PDT alone (B).
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CONCLUSIONS 

Cholangiocarcinoma is a cancer of the biliary collecting system, 
with the majority of these tumors being nonresectable at the 
time of diagnosis. The main objective of palliative treatment for 
these patients is symptomatic relief through biliary decompres-
sion. Biliary stenting combined with ablation techniques such 
as PDT and RFA are the primary options for palliation. 

PDT is a strong modality for palliation, with higher overall 
survival and lower 30-day mortality rates compared to RFA 
and/or stenting. The use of PDT requires expertise in the field 
and a dedicated team. Furthermore, additional effort is needed 
to prevent photosensitivity and other complications unique to 
this therapy. In patients who are unable to receive PDT, RFA 
has been increasingly used as an option for ablation and as an 
adjunct to biliary stenting. 

PDT has some advantages over RFA in the palliative treat-
ment of nonresectable cholangiocarcinoma. It operates through 
repeated interventions, which allows for additional tumor 
debulking with each session. Moreover, it is able to treat periph-
eral and unreachable lesions as it is transmitted through the bil-
iary system and can also be used as downstaging therapy prior 
to surgery or transplantation. Numerous studies on PDT have 
demonstrated increased survival rates. 

The advantages of RFA include repermeabilization of occlud-
ed metal stents and biliary stenoses. RFA also has lower cost 

Table 2. Studies using RFA for treatment of cholangiocarcinoma
Study No. of patients Study design OS (mo) Adverse events
Mizandari et al. (2013)49 39 Retrospective 2.98 -
Butros et al. (2014)50 7 Retrospective 38.5 -
Dolak et al. (2014)51 58 Retrospective 10.6 Cholangitis (5), hemobilia (3) sepsis (2), empyema (1)
Strand et al. (2014)38 16 Retrospective 9.6 -
Tal et al. (2014)52 12 Retrospective 6.4 Hemobilia (2)
Laquiere et al. (2016)53 12 Case series 12.3 Cholangitis (3), sepsis (1)
Wang et al. (2016)54 12 Retrospective 7.7 Infection (2), pancreatitis (1)
Wang et al. (2016)55 18 Retrospective 6.1 Cholangitis (3)
Wang et al. (2016)56 9 Retrospective 5.3 Cholangitis (4)
Cui et al. (2017)57 50 Retrospective 5 Cholangitis (10), pancreatitis (1)
Wu et al. (2017)58 35 Retrospective 6.97 Hemobilia (3), cholangitis (2)
Xia et al. (2017)59 43 Retrospective 2.68 -
Acu et al. (2018)60 21 Retrospective 2.53 Cholangitis (9), abscess (1)
Yang et al. (2018)13 65 RCT 13.2 Cholangitis (2)
Bokemeyer et al. (2019)61 32 Case control 11.4 Cholangitis (6), pancreatitis (2), other (1)
Hu et al. (2019)62 23 Retrospective 36 Pancreatitis (1)
Lee et al. (2019)63 30 Prospective 12.7 Pancreatitis (2), cholangitis (1)

RFA, radiofrequency ablation; OS, overall survival; RCT, randomized controlled trial.

and does not lead to photosensitivity, unlike PDT. However, 
RFA therapy requires the lesion to be reachable to be ablated, so 
it cannot be used for peripheral lesions. Recent studies suggest 
that RFA is less efficacious than PDT in terms of overall survival. 

In conclusion, both PDT and RFA seem to have specific ad-
vantages and limitations, with PDT being potentially more ben-
eficial. Further randomized controlled trials comparing PDT to 
RFA using an increased number of patients matched in terms 
of staging, age, and treatment need to be conducted to confirm 
this data. 
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Background/Aims: Colonoscopy is the gold standard diagnostic method for colorectal neoplasia, allowing detection and resection of 
adenomatous polyps; however, significant proportions of adenomas are missed. Computer-aided detection (CADe) systems in endos-
copy are currently available to help identify lesions. Diminutive (≤5 mm) and nonpedunculated polyps are most commonly missed. 
This meta-analysis aimed to assess whether CADe systems can improve the real-time detection of these commonly missed lesions. 
Methods: A comprehensive literature search was performed. Randomized controlled trials evaluating CADe systems categorized by 
morphology and lesion size were included. The mean number of polyps and adenomas per patient was derived. Independent propor-
tions and their differences were calculated using DerSimonian and Laird random-effects modeling. 
Results: Seven studies, including 2,595 CADe-assisted colonoscopies and 2,622 conventional colonoscopies, were analyzed. CADe-as-
sisted colonoscopy demonstrated an 80% increase in the mean number of diminutive adenomas detected per patient compared with 
conventional colonoscopy (0.31 vs. 0.17; effect size, 0.13; 95% confidence interval [CI], 0.09−0.18); it also demonstrated a 91.7% in-
crease in the mean number of nonpedunculated adenomas detected per patient (0.32 vs. 0.19; effect size, 0.05; 95% CI, 0.02−0.07). 
Conclusions: CADe-assisted endoscopy significantly improved the detection of most commonly missed adenomas. Although this 
method is a potentially exciting technology, limitations still apply to current data, prompting the need for further real-time studies. 
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INTRODUCTION 

Colorectal cancer is the third most common malignancy world-
wide. Its prevalence continues to increase, with a projected 
2.2 million cases and 1.1 million deaths in 2030.1 The adeno-
ma-carcinoma sequence is well established with adenomas be-

ing the precursor lesion to 90% of colorectal cancer.2,3 

Colonoscopy remains the gold standard diagnostic method 
for the detection and resection of neoplastic lesions. National 
colonoscopy-based screening programs have been proven to 
reduce the 10-year colorectal cancer risk.4,5 However, it is not 
possible to achieve 100% mucosal visualization with a standard 
colonoscope in a clean colon. This presents several limitations, 
including missed polyps. A meta-analysis including 15,000 tan-
dem colonoscopies calculated a 26% adenoma miss rate.6 

It has been shown that a 1% increase in the adenoma detec-
tion rate (ADR) decreases the cancer risk by 3%.7 A 2018 World 
Health Organization consensus defined postcolonoscopy col-
orectal cancer (PCCRC) as “cancer appearing after a colonosco-
py in which no cancer is diagnosed.”8 A single-center retrospec-
tive study conducted over an 8-year period found that 85% of 
PCCRC was attributed to missed lesions during colonoscopy.9 

    This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
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A recent meta-analysis showed significantly higher adenoma 
miss rates in diminutive (≤5 mm) and nonpedunculated adeno-
mas than in larger and pedunculated adenomas.6 

Advances in technology and healthcare in recent years, in-
cluding the introduction of high-definition endoscopes,10 strict 
quality performance indicators, and adjuncts, such as Endocuff 
(Arc Medical Design, Southend-on-Sea, UK), have improved the 
ADR. Progress in endoscopic therapeutic capabilities has also 
extended the types of lesions that are potentially resectable by 
endoscopic submucosal dissection.11 

More recently, computer-aided detection (CADe) systems in 
endoscopy, which are based on convolutional neural networks, 
have been validated and made commercially available. This 
novel technology has been shown to detect polyps in real time 
with greater diagnostic accuracy than standard colonoscopy 
and yields a higher ADR.12 

Previous studies have retrospectively assessed the application 
of CADe systems to endoscopic images and videos in a research 
setting. More recently, meta-analyses have assessed the impact 
of the use of CADe systems on the ADR in real time.12-14 How-
ever, unlike other studies, our meta-analysis aimed to provide 
an up-to-date analysis of the impact of the use of real-time 
CADe systems on the detection of most commonly missed pol-
yps, including nonpedunculated and diminutive lesions. 

METHODS 

This review was conducted and reported in accordance with 
the Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) statement.15 

Search strategy 
A comprehensive literature search of articles published until 
October 2020 was conducted. The databases used included 
Embase, Medline, and the Cochrane Library. The search terms 
used in Embase and Medline included “colon*,” “polyp,” “ade-
noma,” “artificial intelligence OR machine learning,” and “com-
puter-aided or -assisted and diagnosis* OR detect*.” The search 
terms used in the Cochrane Library were “colonic polyp,” “arti-
ficial intelligence,” and “diagnosis, computer-assisted” (Appen-
dix 1).  

Primary and secondary outcomes  
The primary outcomes of this study were the mean number of 
adenomas per patient (MAP) and mean number of polyps per 

patient (MPP) for diminutive (≤5 mm) and nonpedunculated 
(flat or sessile) lesions. 

The mean number of lesions per patient was calculated rath-
er than the detection rate in this study. This is attributed to the 
data available in the analyzed studies. However, there is good 
evidence that the mean percentage of lesions per patient cor-
relates with the polyp detection rate (PDR) and ADR.16,17 

Inclusion and exclusion criteria 
The inclusion criteria were as follows: (1) randomized con-
trolled studies reporting CADe of colorectal polyps during 
real-time colonoscopy; (2) studies reporting the MPP and MAP 
or studies with adequate information to calculate these data; (3) 
studies reporting the detection rate of polyps or adenomas ac-
cording to morphology, size, and location; (4) studies reporting 
the ADR or PDR of CADe systems during real-time colonosco-
py; and (5) studies published or translated into English. 

The exclusion criteria were as follows: (1) studies with no 
original data present (e.g., review article or letter); (2) studies 
with no full-text available; (3) studies conducted in patients 
with inflammatory bowel disease; (4) studies published more 
than 20 years ago; (5) studies without adequate data to calculate 
the PDR, ADR, MPP, and MAP or studies not reporting these 
data; and (6) studies with overlapping data to the largest and 
latest datasets from centers publishing multiple studies. 

Study selection 
Two authors (SN and AS) reviewed the articles. Among the 
retrieved articles, duplicates were excluded. Titles and abstracts 
were independently screened for relevance. Studies that were 
irrelevant to the research questions were excluded. The remain-
ing articles were reviewed in full, and the reference lists were 
scrutinized for relevant studies. Disputed articles were settled 
via consensus between SN and AS after screening and full-text 
review. All included articles met the inclusion criteria. 

Data extraction 
Data were gathered from the studies using a standard spread-
sheet template. For each study, we extracted the following data: 
study details (first author, year of publication, and journal), 
study design (type of study, method of artificial intelligence [AI], 
and exclusion criteria), and polyp characteristics (MPP, MAP, 
morphology, size, and location). Data were also gathered for the 
overall ADR and PDR in each study. 
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Study quality assessment 
Study quality was independently assessed using the Jadad scale 
for randomized controlled trials (RCTs).18 Studies with a Jadad 
scale score of 3 or more were considered to be of “good” quality. 

Statistical analysis 
The MPP and MAP by morphology and size were calculated by 
dividing the total number of lesions by the number of patients 
in each group. The mean detection rates per patient are known 
to correlate well with the PDR and ADR.17 

Independent proportions and their differences were calcu-
lated and pooled using DerSimonian and Laird random-ef-
fects modeling. This considered both between-study and 
within-study variances, which contributed to study weighting. 
Pooled values and 95% confidence intervals (CIs) were com-
puted and presented in forest plots. Statistical heterogeneity was 
determined using I2 statistics, where an I2 value of <30% was 
considered low; 30%−60%, moderate; and >60%, high. Analy-
ses were performed using Stata ver. 15 (StataCorp LP, College 
Station, TX, USA). The p-values of ≤0.05 were considered sta-
tistically significant. 

RESULTS 

Eligible studies 
A total of 899 articles were identified from the database search-
es. After removal of duplicates, 575 records were screened on 
the basis of their titles and abstracts. A total of 141 articles were 
identified as appropriate for full-text review. Further evaluation 
and application of the exclusion criteria yielded seven studies 
that were eligible for inclusion in this meta-analysis. The study 
screening and selection process are illustrated in Figure 1. 

Study characteristics 
All seven studies used the CADe systems in real time.19-24 Suffi-
cient data were available from six studies for the analysis of the 
mean number of diminutive polyps per patient and from five 
studies for the analysis of the mean number of diminutive ad-
enomas per patient. Four studies assessed the mean number of 
nonpedunculated polyps per patient, while six studies reported 
the mean number of nonpedunculated adenomas per patient. 
One study did not report adenoma detection but only analyzed 
polyp detection.20 

Sufficient data for calculating the MPP, MAP, mean number 
of diminutive polyps and adenomas per patient, and mean 

number of nonpedunculated polyps and adenomas per patient 
were available in all studies. A total of 3,052 polyps and 1,847 
adenomas were reported in 5,028 patients. The study charac-
teristics are listed in Table 1.19-25 A summary of the results is 
provided in Table 2. 

CADe versus control 

1) Diminutive lesions (≤5 mm) 
Six studies identified 1,557 diminutive polyps in the CADe 
group (2,254 patients) and 849 diminutive polyps in the control 
group (2,278 patients). This equated to 0.691 diminutive pol-
yps per patient in the CADe group compared with 0.373 in the 
control group, with a pooled effect size of 0.30 (95% CI, 0.19-
0.42). This corresponded to an increase in the detection rate of 
diminutive polyps with CADe of 85.3%. 

Five studies identified 680 diminutive adenomas in the CADe 
group (2,177 patients) and 381 diminutive adenomas in the 
control group (2,196 patients). There were 0.312 diminutive 
adenomas per patient in the CADe group and 0.173 in the con-
ventional colonoscopy group, resulting in a pooled effect size of 
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) flow diagram of study selection.
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0.13 (95% CI, 0.09−0.18) (Fig. 2). CADe-assisted colonoscopy 
detected an 80.0% higher number of diminutive adenomas than 
did conventional colonoscopy. 

2) Nonpedunculated lesions 
A total of 1,769 nonpedunculated lesions were identified in 
four studies, with 1,158 in the CADe group (1,337 patients) and 
611 in the control group (1,393 patients). This equated to 0.841 
nonpedunculated polyps per patient in the CADe group and 
0.439 nonpedunculated polyps in the conventional colonoscopy 
group. An increase of 91.7% in the detection of nonpedunculat-
ed polyps was observed with the use of CADe in these studies. 
A pooled effect size of 0.39 (95% CI, 0.35−0.44) was generated 
in the analysis of nonpedunculated lesions between the CADe 
and conventional colonoscopy groups. 

In six studies, 818 nonpedunculated adenomas were record-
ed in the CADe group (2,518 patients) and 477 in the control 
group (2,540 patients). This equated to 0.325 nonpedunculated 
adenomas per patient in the CADe group compared with 0.189 
in the control group, with a pooled effect size of 0.05 (95% CI, 

0.02−0.07) (Fig. 3). CADe-assisted colonoscopy detected a 
71.5% higher number of nonpedunculated adenomas than did 
conventional colonoscopy. 

3) ADR and PDR 
Six studies assessed the ADR between CADe-assisted colo-
noscopy and standard colonoscopy, while six studies assessed 
the PDR between them (Table 3).19-25 All studies showed an 
improvement in the ADR and PDR with CADe-assisted colo-
noscopy in real time. The average ADR in CADe-assisted colo-
noscopy and standard colonoscopy was 33.65% and 22.85%, 
respectively, with a range of 16%−54.8% for CADe-assisted 
colonoscopy and 8%−40.4% for standard colonoscopy. 

Heterogeneity of studies 
There was a high degree of variation among the studies. The 
heterogeneity across the studies was significant (p<0.05). The 
variation ranged from 95.6% to 98.7%. 

Quality assessment 
The assessment of bias among the studies using the Jadad scale 
is shown in Appendix 2.19-25 Most of the RCTs scored 3 or more 
on the Jadad scale and were therefore considered to be of good 
quality; one study scored 2, suggesting poor quality. 

DISCUSSION 

This meta-analysis assessed the real-time performance of CADe 
systems in detecting lesions most commonly missed by endos-
copists and provided additional data that these systems improve 
the ADR and PDR. The analysis demonstrated that CADe-as-
sisted colonoscopy performed better than did standard colo-

Table 1. Characteristics of the included studies

Study Machine learning  
approach

No. of patients Reported polyps 
(total)

Reported adenomas 
(total)

Withdrawal time a) 
CADe vs. control (min)Total CADe Control

Wang et al.,19 2019 ANN: SegNet architecture 1,058 522 536 ✓ (767) ✓ (424) 6.18 vs. 6.07 (p=0.15)
Wang et al.,25 2020 ANN: SegNet architecture 962 484 478 ✓ (809) ✓ (462) 6.48 vs. 6.37 (p=0.14)
Su et al.,21 2020 DCNN 623 308 315 ✓ (273) ✓ (169) 7.03 vs. 5.68 (p<0.001)
Gong et al.,22 2020 DCNN 704 355 349 ✓ (284) ✓ (85) 6.38 vs. 4.76 (p<0.0001)
Liu et al.,23 2020 ANN 1,026 508 518 ✓ (734) ✓ (394) 6.82 vs. 6.74 (p<0.001)
Luo et al.,20 2021 CNN: YOLO 150 77 82 ✓ (185) x 6.22 vs. 6.17 (p=0.102)
Repici et al.,24 2020 CNN: GI Genius 685 341 344  x ✓ (313) 6.95 vs. 7.25 (p=0.1)

CADe, computer-aided detection; ANN, artificial neural network; DCNN, deep convolutional neural network; CNN, convolutional neural network; 
YOLO, you only look once.
a)Excluding biopsy.

Table 2. Summary of the MPP and MAP, difference, and effect size 
between the CADe and control groups

Variable CADe vs.  
control Difference (%) Effect size  

(95% CI)
Diminutive
 MPP 0.69 vs. 0.37 85.3 0.30 (0.19–0.42)
 MAP 0.31 vs. 0.17 80.0 0.13 (0.09–0.18)
Nonpedunculated
 MPP 0.84 vs. 0.43 91.7 0.39 (0.35–0.44)
 MAP 0.32 vs. 0.19 71.5 0.05 (0.02–0.07)

MPP, mean number of polyps per patient; MAP, mean number of adeno-
mas per patient; CADe, computer-aided detection; CI, confidence interval.
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noscopy in detecting diminutive and nonpedunculated polyps 
and adenomas. The CADe systems demonstrated a percentage 
increase in detection between 72% and 92%. The effect size was 
more pronounced in polyp detection than in adenoma detec-
tion. 

The difference in the withdrawal times observed in most 

RCTs was not significant with the use of CADe systems. This 
suggests that the endoscopy workflow will not be substantially 
affected by the addition of a CADe system, nor will it take lon-
ger to detect “tricky” lesions during the procedure. However, 
three studies showed a significantly longer withdrawal time for 
CADe systems21-23; thus, it is difficult to gauge the realistic im-

Study
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Fig. 2. Pooled analysis of the mean number of diminutive adenomas per patient between the computer-aided detection and conventional 
colonoscopy groups. Effect sizes (ES) are shown with 95% confidence intervals (CI). A random-effects model was used.
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Fig. 3. Pooled analysis of the mean number of nonpedunculated adenomas per patient between the computer-aided detection and conven-
tional colonoscopy groups. Effect sizes (ES) are shown with 95% confidence intervals (CI). A random-effects model was used.
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pact that CADe systems have on the withdrawal time given the 
variability in the type of systems used and relative infancy of 
such CADe systems in a real-time healthcare setting. 

Increasing adenoma detection is known to reduce the risk of 
colorectal cancer. It is also recognized that missed lesions cause 
the majority of PCCRCs.9 Therefore, it is reasonable to assume 
that the significant increase in detection for most commonly 
missed adenomas would translate into reduced PCCRC rates. 

An increase in polyp detection often includes benign lesions, 
such as hyperplastic polyps. AI-based technology aimed at the 
characterization of polyps during endoscopy is being optimized 
to improve the ADR. Once effective, this technology will allow 
a strategy of “resect and discard” or “diagnose and leave” for 
small polyps, which has thus far defied large-scale attempts at 
introduction into daily clinical practice.26,27 

The studies included in this meta-analysis used CADe sys-
tems based on neural networks; however, the type of architec-
ture and algorithm in each study differed, which likely contrib-
uted to the large heterogeneity among the studies. Although our 
findings may highlight the overall impact of the use of CADe 
systems in detecting this subset of lesions, it may dilute and 
therefore underestimate the effect of individual systems. Endo-
scopic experience and the withdrawal time were similarly not 
standardized across the studies, which may have also contribut-
ed to the heterogeneity in this meta-analysis.  

Previous meta-analyses have excluded the study by Gong et 
al.,22 as the system used in their study focused on withdrawal 
quality rather than direct lesion detection. Our meta-analysis 
focused on the general application of CADe systems and its im-
pact on lesion detection; therefore, we included their study in 
our analysis. This likely contributed to the large heterogeneity 
observed. More real-time studies will allow focused analyses of 
different CADe systems and their applications. 

The majority of the studies included were conducted in Chi-

nese institutions; therefore, the findings may not be completely 
applicable to healthcare systems in the Western world. The level 
of experience of the endoscopists participating in the studies 
varied from 1−3 years22 to 4−6 years of experience,21 with dif-
ferent overall numbers of procedures. Previous studies have 
demonstrated a significant correlation between the number of 
years of endoscopy experience and the ADR.28 Endoscopists 
with a higher level of skill and performance are more likely to 
detect diminutive or nonpedunculated polyps than their coun-
terpart. It would be important to assess whether the impact of 
the use of CADe systems correlates with the level of experience 
to allow their application in a cost-effective manner. 

The malignant potential of diminutive adenomas remains un-
clear. Vleugels et al.29 reported a low risk of diminutive lesions 
containing advanced pathology (5.6%) and cancer (0.07%). Kim 
et al.30 showed an increased risk of metachronous cancer in the 
presence of three or more nonadvanced diminutive adenomas 
and advanced pathology. The number of diminutive lesions 
plays a role in some screening programs internationally. Optical 
diagnosis using an AI-based system may improve the overall 
detection of colonic pathology and may lead to a resection and 
discard pathology with respect to diminutive lesions. 

In conclusion, the use of CADe systems plays a significant 
role in the improvement of colonoscopy procedures and early 
detection of colorectal cancer. This review demonstrated that 
CADe systems can improve the detection of commonly missed 
adenomas, with the potential to further improve the efficacy 
of colonoscopy and reduce the incidence of PCCRC. However, 
the evidence for real-time CADe-assisted endoscopy is still rel-
atively limited; further trials, including comparison of different 
systems and different levels of experience, are required before 
this method is incorporated more widely into standard clinical 
practice. 

Table 3. Summary of polyp and adenoma detection between the CADe and control groups
Study PDR–CADe (%) PDR–control (%) ADR–CADe (%) ADR–control (%)
Wang et al.,19 2019 45.0 29.1 29.1 20.3
Wang et al.,25 2020 52 37 34 28
Su et al.,21 2020 38.3 25.4 28.9 16.5
Gong et al.,22 2020 47 34 16 8
Liu et al.,23 2020 43.7 27.8 39.1 23.9
Luo et al.,20 2021 38.7 34 NK NK
Repici et al.,24 2020 NK NK 54.8 40.4

CADe, computer-aided detection; PDR, polyp detection rate; ADR, adenoma detection rate; NK, not known.
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Appendix 1. Search strategy

EMBASE & Medline 

#1 colonic polyps/
#2 colorect* or colon or colonoscop* or large bowel or rectal or rectum or anal or anus or large intestine and polyp
#3 1 or 2
#4 exp algorithms/
#5 artificial intelligence or machine learning or neural network*
#6 4 or 5
#7 computer aided or computer assisted and diagnos* or detect*
#8 diagnosis, computer-assisted/ or image interpretation, computer-assisted/ or neuronavigation/
#9 image processing, computer-assisted/ or data compression/ or image enhancement/ or imaging, three-dimensional/
#10 7 or 8 or 9
#11 3 and 6 and 10

The Cochrane Library

#1 colonic polyps
#2 colorect* or colon or colonoscop* or large bowel and polyp
#3 1 or 2
#4 exp artificial intelligence
#5 artificial intelligence or machine learning or neural network*
#6 4 or 5
#7 exp diagnosis, computer-assisted
#8 computer aided or computer assisted and diagnos* or detect*
#9 7 or 8
#10 3 or 6 or 9 
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Appendix 2. Quality assessment 
Study Randomisation (2) Blinding (2) An account of all patients (1) Total (5)
Wang et al.19 2019 2 1 1 4
Wang et al.25 2020 2 2 1 5
Su et al.21 2020 2 2 1 5
Gong et al.22 2020 2 2 1 5
Liu et al.23 2020 1 0 1 2
Luo et al.20 2020 2 0 1 3
Repici et al.24 2020 2 1 1 4

Assessment of bias for randomized controlled trials using the Jadad scale; score ≥ 3, good quality. 
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EDITORIAL

Surveillance, Epidemiology, and End Results Program which is 
a comprehensive population-based database on cancer in the 
USA. It covers approximately 35% of the USA population.8 The 
average annual percent change in EAC incidence from 1973 to 
1992 was 9.16% and that from 1992 to 2004 was 4.15%. How-
ever, this change plateaued from 2004 to 2017. The increase of 
EAC over decades may be driven by the increasing incidence 
of obesity in the USA population. There are several evidences 
that obesity causes EAC by both gastroesophageal reflux disease 
(GERD) related effects, with Barret’s esophagus and/or dyspla-
sia and non-GERD related mechanisms, such as systemic in-
flammatory alterations.9 The authors explained that this plateau 
of incidence of EAC might be related to the long-term effects of 
proton pump inhibitors, which can mitigate the inflammation 
caused by reflux. However, as of now, there are limited data that 
reflect the low rate of regression to neoplasia in Barret’s esoph-
agus with chemo-preventive effect of proton pump inhibitors.10 
The rapid increase in obesity from the early 1970s slowed down 
in the 2000s, reaching a plateau,11 and there is a possibility that 
the epidemiological characteristics of esophageal cancer will 
follow these epidemiological changes in obesity, the most pow-
erful factor related to the development of EAC.  

Although treatment modalities and their effectiveness have 
improved in recent decades, the prognosis of esophageal can-
cer is poor in patients with EAC and ESCC. The prognosis of 
esophageal cancer also depends on cancer staging. In this study, 
18.7% cases had early esophageal cancer, including Tis, T1a, and 
T1b lesions, which are potentially resectable, and this propor-

    This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
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The incidence of esophageal cancer differs significantly accord-
ing to histological subtype worldwide. Esophageal adenocarci-
noma (EAC) has significantly increased in developed countries; 
in contrast, esophageal squamous cell carcinoma (ESCC) has 
declined in many parts of the world.1,2 Previous global epide-
miological data show that the incidence of EAC overtook that 
of ESCC as early as the 1980s. In the USA, especially in white 
males, EAC has replaced ESCC as the dominant subtype. This 
switch occurred around 2008 in white women in the USA, 20 
years after the crossover in white men.3 One of the most im-
portant factors contributing to the increase in the incidence 
of EAC is generational changes in the prevalence of obesity in 
high-income countries.4,5 Significant decrease in the incidence 
of ESCC in Western populations is likely due to decreased alco-
hol consumption and smoking.6 

Hang et al.7 reported that the annual percent change in the 
annual incidence of EAC from 1973 to 2017 was 767%, which 
was significantly greater than that of the other major malig-
nancies in USA. They used the National Cancer Institutes’ 

See “Epidemiology of early esophageal adenocarcinoma” by Thuy-Van P. Hang, Zachary Spiritos, Anthony M. Gamboa, et al., on page 
372−380.



tion has been decreasing over the past decade. Epidemiological 
studies of ESCC in South Korea showed a significant increase 
in early esophageal cancer detection with an endoscopic sur-
veillance program for gastric cancer screening, which has led to 
increased survival.12 The American College of Gastroenterology 
recommends endoscopic surveillance in patients at high risk 
for Barrett’s esophagus; however, routine screening is limited 
to men with reflux symptoms and multiple risk factors such as 
old age, Caucasian race, central obesity, smoking history, and 
family history of Barrett’s esophagus or EAC.13 However, the 
evidence for adhering to this guideline and the resulting cancer 
preventive effect is not yet clear. Further studies are needed to 
derive a risk model that identifies persons at high risk of EAC 
through external validation prior to clinical application and to 
determine the appropriate surveillance program. 
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The incidence of diverticular diseases is increasing worldwide. 
The risk factors for colonic diverticular bleeding (CDB) include 
older age, drug use, low physical activity levels, and obesity.1,2 
CDB accounts for approximately 26%–46% of all cases of acute 
lower gastrointestinal bleeding.3,4 The risk in patients with di-
verticulosis is approximately 0.5 per 1,000 person-years.5 Trau-
ma to the diverticulum or colonic lumen is considered to cause 
asymmetric intimal proliferation and scarring of the vasa recta, 
resulting in rupture and extensive bleeding.6 

CDB is often associated with severe bleeding and requires 
hospitalization. However, only approximately 25% of diverticu-
lar bleeding sites are identified.7 It is important to locate diver-
ticular sites exhibiting stigmata of recent hemorrhage (SRH), 
including active bleeding, visible non-bleeding vessels, adherent 
clots, and bleeding caused by clot removal. Without endoscopic 
treatment, the likelihood of SRH rebleeding is very high7; there-
fore, patients should be treated with this treatment modaility.8,9 
Endoscopic hemostasis for CDB involves epinephrine injection, 

contact thermal hemostasis, or mechanical hemostasis (clipping 
and ligation).8,9 Epinephrine can reduce the bleeding rate or 
induce temporary hemostasis via tamponade effect and vaso-
constriction, but it is associated with a high risk of rebleeding if 
used alone. Contact thermal hemostasis (e.g., monopolar coag-
ulation) is not recommended because of the risk of perforation 
in the absence of the muscularis propria. Therefore, mechanical 
hemostasis methods, including endoscopic clipping and endo-
scopic band ligation (EBL), are favored.8,9 Clipping is particu-
larly popular because tissue damage is minimal and treatment 
can be performed without withdrawing the colonoscope. The 
endoscopic clipping method for CDB can be classified into 
direct and indirect placement methods. The direct placement 
method is defined as the application of clipping directly to a 
bleeding point identified in the diverticulum, while the indirect 
placement method is defined as the closure of a diverticular 
opening in a zipper-like manner, which is performed when 
there is difficulty in accessing the blood vessels in the divertic-
ulum.9 The immediate bleeding control rate is approximately 
95% for both methods, but the early and delayed rebleeding 
rates are significantly higher after indirect placement than after 
direct placement.10 The EBL technique for CDB is identical to 
the esophageal variceal ligation (EVL) technique, wherein the 
target diverticulum is suctioned into a band ligator hood and 
an elastic band is then released for ligation. The main advan-
tage of this method is the lower rate of conversion to arterial 
embolization or surgery than that after endoscopic clipping or 
coagulation. The EBL technique for CDB is more effective than 
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other modalities, especially in resolving diverticula.11 However, 
its disadvantages include colonoscope reinsertion after with-
drawal since the mounted opaque hood limits the endoscopic 
field of vision and the risk of perforation. Although the Japan 
Gastroenterological Association guidelines state that the EBL 
method can be used to treat CDB,8 EVL devices have only been 
used to date. However, a new EBL (N-EBL) device has been de-
veloped for the treatment of CDB and internal hemorrhoids by 
Sumitomo Bakelite Co. Ltd. (Tokyo, Japan), which invented the 
EVL device. The main difference between the conventional EBL 
(C-EBL) and N-EBL devices is that the former can be mounted 
on a gastroscope (9.8 mm in diameter), whereas the latter is 
mounted on a colonoscope. 

In an issue of Clinical Endoscopy, Takasu et al.12 introduced the 
C-EBL device and compared the clinical outcomes of patients 
with CDB treated using C-EBL and N-EBL devices. Although 
there was no significant difference in initial hemostasis and ear-
ly (within 30 days) rebleeding rates between the groups, the ear-
ly rebleeding rate in the N-EBL group was more than two times 
higher than that in the C-EBL group (17.5% vs. 8.3%, p=0.241). 
Most N-EBL rebleeding cases occurred in the right colon of pa-
tients taking two antithrombotic agents, which are known risk 
factors for rebleeding. Large-scale studies are recommended 
to verify the effectiveness of N-EBL. The complete diverticular 
inversion rate was approximately 80% in both groups. Based 
on evidence, no rebleeding is expected if there is complete in-
version after ligation of the diverticula. However, rebleeding  
occurred in five cases; hence, careful monitoring is recommend-
ed even when the diverticula are completely inverted. 

The N-EBL procedure time was significantly shorter than 
that of C-EBL, probably because the N-EBL hood was larger 
and more transparent, thus providing a wider field of endo-
scopic vision. In addition, the colonoscope suction channel was 
larger than that of the gastroscope; thus, foreign substances and 
blood in the colonic lumen were more rapidly aspirated during 
N-EBL than during C-EBL. No perforation was noted in any 
of the patients. Therefore, N-EBL was as effective and safe as 
C-EBL for the treatment of CDB, but it was faster. The limita-
tions of this study include the relatively small number of cases 
and retrospective design. Therefore, large-scale, prospective 
studies are recommended. 
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Endoscopic transpapillary stenting is recommended as the first-
line approach to biliary drainage for malignant distal biliary 
obstruction (MDBO). The stents used for endoscopic biliary 
drainage include plastic stents (PS) and self-expandable metal 
stents (SEMS). SEMS are superior to PS in terms of occlusion 
rate and patency and are preferred for unresectable MDBO, 
owing to their cost-effectiveness.1 There are two types of SEMS: 
uncovered SEMS (UMS) and covered SEMS (CMS). Previous 
randomized controlled trials (RCTs) from Japan have shown 
that CMS have a longer patency period than UMS due to their 
ability to prevent ingrowth.2,3 In contrast, RCTs from overseas 
did not show a difference in stent patency for both types of 
SEMS, but stent migration was significantly more frequent in 
CMS.4,5 Therefore, the relative superiority of CMS versus UMS 
remains inconclusive. 

The migration of CMS is an unresolved issue. Various CMS 

have been developed with different stent mesh structures and 
anti-migration systems. However, few studies have compared 
the differences between these CMS designs. 

In the current issue of Clinical Endoscopy, Kitagawa et al.6 
reported the results of a retrospective study that compared the 
efficacy and safety of laser-cut and braided CMS with anti-mi-
gration systems for MDBO. This study showed that the adverse 
event rate and median overall survival were not significantly 
different between the CMS groups. However, the time to re-
current biliary obstruction (TRBO) was significantly longer 
in the braided CMS group than in the laser-cut CMS group 
(p=0.0008). The leading cause of stent dysfunction in both 
groups was stent migration, which occurred in 37.5% (9/24) 
of patients in the laser-cut CMS group and 13.0% (3/23) of pa-
tients in the braided CMS group. The authors hypothesized that 
the difference in stent migration rates may have been related 
to TRBO. The migration rate in the braided CMS group was 
comparable to that of Kogure et al.7 (8%) who used the same 
braided CMS. However, the migration rate in the laser-cut CMS 
group was considerably higher than that of Isayama et al.8 (13%) 
who used the same laser-cut CMS. It is difficult to account for 
this difference based on heterogeneity between the two studies 
of the laser-cut CMS.6,8 Although it is unknown whether Isaya-
ma et al.8 used chemotherapy after deploying the CMS, the use 
of chemotherapy by Kitagawa et al.6 may help account for the 
difference in stent migration rates. It is also possible that the 

See “Laser-cut-type versus braided-type covered self-expandable metallic stents for distal biliary obstruction caused by pancreatic car-
cinoma: a retrospective comparative cohort study” by Koh Kitagawa, Akira Mitoro, Takahiro Ozutsumi, et al., on page 434−442.
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reliability of the results reported by Kitagawa et al.6 were limited 
by the small sample size of the study. Therefore, validation of 
their results by studies with larger sample sizes is appropriate. 

The primary goal of using SEMS is to avoid recurrent biliary 
obstruction and establish long-term patency. It is important 
to select a stent that has sufficient expansion force and low 
migration risk and can be appropriately placed to adapt to the 
individual bile duct. The WallFlex CMS used in the Kitagawa 
et al.6 study are braided cross-wired stents with a high radial 
force (RF), which provides a strong expansion force. It also 
has a strong axial force (AF) that tends to straighten the stent, 
causing bile duct obstruction due to kinking of the bile duct, 
cholecystitis, and acute pancreatitis. Therefore, we recommend 
that a longer stent be deployed such that the proximal end is 
located near the hilar region. Moreover, since these CMS have 
a shortening rate between 30% and 40%, it is necessary to an-
ticipate this in stent deployment. However, these CMS can be 
easily removed and replaced with new SEMS in the event of 
stent occlusion. In contrast, laser-cut Zeostent CMS have a low-
er RF than the braided CMS, and since the AF is also lower, the 
stent is unaffected by bile duct flexion, and there is no risk of 
bile duct obstruction due to kinking. Moreover, stent placement 
is relatively easy because the stent is rarely shortened during 
the procedure. However, stent removal is not as straightforward 
compared with the braided CMS, and re-intervention methods 
should be carefully considered in the event of stent occlusion. 
Recently, knitted CMS (with hook and cross-wired structures) 
have been developed as a form of braided CMS. Knitted CMS 
have low AF and shortening rates while maintaining a strong 
RF due to the hook and cross-wired weave ratio. In a study of 
knitted CMS deployed for MDBO, Yamao et al.9 reported a 
longer median TRBO of 536 days and low stent migration rate 
of 5%. Therefore, it is important to understand the different 
characteristics of various CMS and tailor them appropriately to 
different patients. 

The results of the Kitagawa et al.6 study demonstrate that 
stent migration remains a significant challenge associated with 
CMS. A lower migration rate results in a longer stent patency 
duration. In a multicenter retrospective analysis of risk factors 
for migration of CMS in MDBO, Nakai et al.10 reported that 
the use of chemotherapy (subdistribution hazard ratio [SHR] 
4.46, p=0.01), use of CMS with RF ≤4.00 N (SHR 2.23, p=0.03), 
and presence of duodenal invasion (SHR 2.25, p=0.02) were 
significant risk factors for early stent migration. The reason for 
increased stent migration in patients with duodenal invasion is 

unclear. However, the associations between increased stent mi-
gration rates and chemotherapy and low RF are unsurprising. 
The prognosis of pancreatic cancer has been improved by the 
development of newer and more effective chemotherapeutic 
agents, but stent migration rates may increase due to the reso-
lution of biliary stricture as a result of tumor shrinkage. There-
fore, the development of antimigration systems for CMS is im-
portant in extending the TRBO. Antimigration systems include 
partially covered, anchoring, flare-end, and dumbbell designs, 
although it remains unclear which design is superior. CMS with 
high RF, low AF, and reliable antimigration systems are ideal for 
achieving a longer TRBO and reducing stent-related complica-
tions in MDBO. 
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INTRODUCTION 

The American Cancer Society estimates that there will be 
19,260 new cases and 15,530 deaths from esophageal cancer in 
2021.1 Among men, esophageal cancer is the seventh leading 
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(EAC); however, the epidemiology of early stage disease has not been well defined. 
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Open Access

cause of cancer-related death in the United States (US), with a 
lifetime risk of one in 125.1 Previous studies demonstrated the 
increasing incidence of esophageal adenocarcinoma (EAC) 
through the 1990s,2 with a transition around 1996 when the 
adenocarcinoma subtype surpassed squamous cell carcinoma 
as the most incident esophageal cancer.3 While incidence rates 
have increased, survival for localized EAC has improved with 
evolving medical, surgical, and endoscopic therapies.4 The me-
dian survival of patients with localized EAC has increased from 
11 to 35 months from the 1970s to the 2010s.5 The evolution 
of endoscopic therapies with good outcomes for early stage 
disease has led to revisions in national guidelines, which now 
recommend endoscopic resection followed by radiofrequency 
ablation for intramucosal and T1a cancers.6 However, the epi-
demiology of this early, potentially locally resectable disease has 
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not been examined. This study evaluated the overall incidence 
and rate of change of EAC relative to other major epithelial can-
cers, as well as the incidence of early EAC. 

METHODS 

Overview 
The National Cancer Institute’s Surveillance, Epidemiology, 
and End Results (SEER) Program is a comprehensive popula-
tion-based database on cancer incidence and survival in the US, 
covering approximately 35% of the US population.7 The data 
are publicly available and de-identified for scientific research. 

Data abstraction 
SEER 9 incidence rates for EAC, esophageal squamous cell 
carcinoma, melanoma, liver and intrahepatic bile duct, kidney 
and renal pelvis, prostate, breast, bladder, pancreatic, lung and 
bronchus, colon and rectum, stomach, and cervical cancers 
from 1973 to 2017 were obtained using rate sessions in the 
SEER*Stat ver. 8.3.8.7 Separate sessions were performed for each 
epithelial cancer, as defined by the International Classification 
of Diseases for Oncology (ICO-3)/World Health Organization 
(WHO) 2008 anatomic locations, to determine the incidence 
rates per 100,000 individuals that were age-adjusted to the 2000 
US population. The incidence rates of EAC according to race, 
sex, and age were also examined. In the SEER database, EAC 
tumor, node and metastasis cancer staging was not documented 
prior to 2004; therefore, data from 2004 onwards were used to 
examine early EAC incidence. 

Tumor classification 
Tumor staging was performed according to the American 
Joint Committee on Cancer (AJCC) staging. SEER data from 
2004 to 2015 utilized the sixth edition for staging, in which 
stage 0 tumors are Tis tumors (carcinoma in situ) that are 
lymph node negative (N0) and have no evidence of metastasis 
(M0).8 Stage I involves T1 N0 M0 tumors, which invade the 
lamina propria or submucosa but have no lymph node or dis-
tant metastases.8 Presently, T1 is further subclassified as T1a 
(invading the lamina propria or muscularis mucosa) and T1b 
(invading the submucosa). These newer subclassifications are 
available in the SEER database from 2010 onwards under the 
seventh edition staging.9 The analysis of the stages, including 
T1a and T1b data, was performed on data from 2010−2017 
using the seventh edition staging classifications. In this sys-

tem, stage IA tumors invade the lamina propria or muscularis 
mucosa,while stage IB tumors penetrate into the submucosa.9 
Early EAC is defined as early T-stage tumors (stage 0 and stage 
I [Ia and Ib]), without nodal spread or distant metastases. 

Statistical analysis 
The US National Cancer Institute’s Joinpoint Regression Pro-
gram ver. 4.8.0.1,10 was used to analyze trends in age-adjusted 
cancer incidence rates for epithelial malignancies from 1973 to 
2017. This program constructed best-fitting linear regression 
lines connected via Joinpoints. A maximum of five Joinpoints 
were generated for each cancer based on the number of inter-
vals with significant trend changes.  

For each segment, the annual percentage rate change (APC) 
and 95% confidence intervals were reported. APC was defined 
as: 

(eb–1)×100 

where b denotes the slope of the linear line. The weighted 
average of the APCs was used to calculate the average APC 
(AAPC), in which the weight was equal to the length of each 
linear line during the interval. Statistical significance was set at 
p<0.05 for all tests. 

The change in the incidence rate for each epithelial malignan-
cy relative to its historic incidence rate in 1973 was represented 
by the following formula: 

100 × [(rate at a specific year – 1973 rate) / 1973 rate] 

The change in the incidence of early EAC over time was 
also examined using Joinpoint analysis from 2010 onwards. 
To determine the change in the incidence of early stage EAC 
over time, a rate session was run using the Derived AJCC Stage 
Group (sixth edition) to obtain the annual incidence of early 
stage (stage 0−I) versus later stage (stage II−IV) EAC from 
2004 to 2015. To determine the overall proportion of early 
EAC cases, a rate session was run on cases from 2010 to 2017 
using Derived AJCC T, N, and M classifications in order to 
study T1a and T1b subgroups, which were only available with 
seventh edition staging. 

Ethical statements
The study was reviewed and found to be exempt from review 
by the Emory University School of Medicine Institutional Review 
Board. 
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RESULTS 

Patient characteristics 
Using the SEER 9 incidence database, 19,619 cases of EAC from 
1973 to 2017 were identified. Those with EAC were predom-
inantly men, comprising 85.48% of the patients. At the time 
of diagnosis, 7.38% were less than 50 years old, 18.71% were 
50−59 years old, 30.42% were 60−69 years old, 27.07% were 
70−79 years old, and 16.43% were aged 80 or older. Regarding 
racial demographics, 95.32% were white, 2.11% black, and 
2.57% American Indian, Alaskan Native, Asian, or Pacific Is-
lander. 

Incidence of EAC compared to other epithelial malignan-
cies 
Based on the Joinpoint analysis, the incidence rate of EAC sig-
nificantly outperformed the other major epithelial malignancies 
(Table 1). In contrast, esophageal squamous cell carcinoma had 
the second greatest rate of decrease in incidence with an AAPC 
of −2.13%. (95% confidence interval [CI], −2.53% to −1.74%). 
The average annual percent change in EAC from 1973 to 2017 
was 5.11% (95% CI, 4.66%−5.56%). The annual percent change 
in EAC incidence was statistically significant from 1973 to 1992 
and from 1992 to 2004, with APCs of 9.16% and 4.15%, respec-
tively. However, from 2004 to 2017, the APC of EAC incidence 
was insignificant at 0.32%. 

The next most rapidly increasing malignancy examined was 
melanoma of the skin, which had an AAPC of 3.07% (95% CI, 
2.75%−3.39%) While the incidence rates of liver and intrahe-
patic bile duct, kidney and renal pelvis, and breast cancers have 
increased significantly over time, the incidence rates of colorec-
tal, gastric, esophageal squamous cell carcinoma, and cervical 
cancer have decreased significantly. 

In 1973, there were 0.3 cases of EAC per 100,000 individuals, 
compared to 2.6 in 2017. The percent change in the annual 
incidence of EAC was 766.67% higher in 2017 compared to 
1973 (Fig. 1). Esophageal squamous cell carcinoma decreased 
by 60.71% over the same time period (Fig. 1). Among the other 
epithelial malignancies analyzed, melanoma had the second 
highest rate of increase in annual incidence over the time peri-
od (273.53%) (Fig. 1).  

EAC incidence by race and sex 
The incidence rate of EAC has increased over time in all three 
racial groups identified in the SEER database: white, black, and 

other (American Indian, Alaskan Native, Asian, Pacific Island-
er). As shown in Figure 2, the increasing incidence rate of EAC 
is primarily driven by cases in white men. EAC in white men 
has increased by more than 9-fold, from 0.64 in 1973 to 6.04 in 
2017.  

Incidence and proportion of early stage EAC 
T-stage data became available in 2004 in the SEER dataset, with 
AJCC 6th edition staging applied from 2004 to 2015 and the 
AJCC 7th edition staging used from 2010 onwards. Among 
cases of EAC from 2004 to 2015, the incidence of early stage 
cancers initially appears to be stably elevated at approximately 
0.45 per 100,000 cases (Fig. 3). 

More precise T-stage data (T1a and T1b) became available 
starting with the 2010 dataset. In the 2010 to 2017 cohort, 19% 
of EAC were considered to be at an early stage, of which 1% 
were Tis N0 M0, 10% were T1a N0 M0, 4% were T1b N0 M0, 
and 4% were T1 NOS N0 M0 (Fig. 4). Eighteen percent were 
stage II EAC at the time of diagnosis, 25% were stage III, and 
38% were stage IV during the same 7-year period (Fig. 4). 

Based on the Joinpoint analysis, the incidence of early EAC 
(Stage 0, IA, and IB) appeared to decrease from 2010 to 2017 with 
an AAPC of −5.78% (95% CI, −10.13% to −1.21%), as can be seen 
in Figure 5. 

DISCUSSION 

While progress has been made in the prevention of several 
major epithelial cancers over the past three decades,11-13 the 
incidence of EAC has increased significantly. We found that 
the incidence of EAC has increased at an average rate of 5.11% 
per year, with an overall 767% change in the annual incidence 
relative to 1973. The rise in EAC compared to squamous cell 
carcinoma appears to be a true increase in disease burden rath-
er than a result of reclassification of cancers or over-diagnosis 
due to increased use of diagnostic upper endoscopy methods.3 
Relative to the other epithelial malignancies, EAC has shown 
the greatest rate of increase. The increase in the overall rate of 
EAC agrees with other analyses of total disease burden.4,14-16 In 
this study, we sought to characterize the rates of early EAC over 
the past decade when the specific T-stage data became avail-
able. The proportion of early, potentially resectable disease was 
18.70% overall, suggesting that approximately one in five pa-
tients may be candidates for minimally invasive, organ sparing, 
endoscopic resection. 
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Concurrent with this increase in disease burden, there has 
been a proliferation of endoscopic approaches for early stage 
cancers. Early stage EACs may be addressed with endoscopic 
mucosal resection followed by radiofrequency ablation, sparing 

the need for a radical esophagectomy.6 Several small prospec-
tive studies have reported favorable outcomes for Tis, T1a, and 
certain T1b tumors in terms of mortality, eradication of cancer, 
and absence of recurrence.17-23 A large prospective study of en-
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doscopic therapy for T1a EAC in 1,000 patients demonstrated 
a response rate of 96.3% over a mean follow-up period of 56.6 
months.24 For early EAC ≤2 cm in size, the rates of lymph node 
metastasis are low relative to the mortality associated with 
esophagectomy.25 

Good outcomes with endoscopic approaches have led to re-
visions in the national guidelines, which now favor endoscopic 
resection for Tis and T1a lesions, followed by radiofrequency 
ablation.26 Our data suggest that approximately 19% of incident 
cases of EAC are early and potentially amenable to endoscopic 
management (Fig. 4). This fraction has been decreasing over 
the past decade, suggesting that the rising incidence rates are 
not driven by the early detection of small superficial tumors. 
Cases detected in this early subset have the best overall survival 
and are most likely to be associated with a curative outcome. 
Although improved survival has been reported for patients with 
localized presentations, there has been relatively little improve-
ment in survival in patients with regional spread or distant 
metastasis.5,27 The median survival rate for patients with distant 
EAC has remained at 4−6 months since 1970 compared to the 
more than 3-fold increase in survival with localized EAC at 35 
months.5 

We believe that the increasing rates of EAC in the US popula-
tion over decades may be driven by the increasing incidence of 
obesity in the US population. Obesity itself has been linked to 
tumorigenesis,28,29 and in the case of EAC, may also potentiate 

gastroesophageal reflux disease,30-32 the precursor condition to 
Barrett’s esophagus. 

Over the final decade of the analysis, there appears to have 
been a plateau in the overall rate of EAC and a decrease in the 
rate of early EAC. The rate of increase of EAC appears to have 
slowed from 2004 to 2017 relative to the steeper rise seen be-
tween 1973 and 1997. This may represent a true reduction in 
the rate of change or may simply reflect variability in the more 
recent time periods. We postulate that the current plateau in 
all cases could be due to the long-term effects of proton pump 
inhibitors, which can help mitigate the inflammation caused 
by reflux. It is also possible that with widespread proton pump 
inhibitor use and symptomatic improvement, fewer early stage 
diseases may be detected, as endoscopy might not be pursued 
initially. 

When it becomes available, an analysis of the incidence data 
of the upcoming years may clarify the trajectory of EACs. If the 
plateau in the rate of EAC is persistent over time, several hy-
potheses could be considered, including the downstream results 
of efforts directed towards Barrett’s screening, surveillance, and 
eradication. It does not appear that node-negative early T-stage 
tumors are driving the increasing incidence rates overall, as the 
rates of early EAC have generally trended with the overall EAC 
rates over the last decade of analysis. 

This study has several limitations. The study was retrospec-
tive, and although the data included in this analysis had T-stage 
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Stage IIIA
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Stage IIB
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Fig. 5. Annual percent change in early esophageal adenocarcinoma incidence from 2010 to 2017. Staging was based on the American Joint 
Committee on Cancer Staging, 7th edition. Each trend segment was based on Joinpoint analyses. Incidence rates were per 100,000 and were 
age-adjusted to the 2000 standard population.
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and nodal status data, details such as lymphovascular invasion 
were not available in the SEER database. Patients with lym-
phovascular invasion are not ideal candidates for endoscopic 
treatment, and a subset of these patients with early stage disease 
may be re-triaged in clinical settings for surgical management. 
The data also did not include variables that would have been 
helpful for speculating on the cause of the increase in EAC rates 
over time, including whether the diagnoses were established 
as a part of screening efforts for Barrett’s esophagus. Finally, a 
pathologic review was performed at each individual site and 
was not centralized. 

The rate of EAC has increased more than 7-fold, making it 
the most rapidly increasing epithelial malignancy in the US. 
The increasing rates were seen most dramatically in the white 
male cohort. The incidence of early stage disease also appears 
to decrease over the past decade. Approximately one in five 
patients with EAC appears to have early stage disease and 
may potentially be eligible for organ-sparing, minimally in-
vasive, endoscopic management. While previous studies have 
examined the overall trend in incidence rates for EAC, this 
study provides novel information on the fraction of patients 
with early stage disease who may now be managed with local 
endoscopic resection and ablation. Further studies are needed 
to clarify the cause of the disproportionate increase of EAC 
cases. These data support the proliferation of treatment op-
tions and increasing focus on the prevention, detection, and 
treatment for EAC. 
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INTRODUCTION 

The implementation of nationwide endoscopic screening pro-

Background/Aims: The treatment of superficial esophageal neoplasms (SENs) in cirrhotic patients is challenging and rarely investigat-
ed. We evaluated the outcomes of endoscopic submucosal dissection (ESD) to determine the efficacy and safety of treating SENs in pa-
tients with liver cirrhosis. 
Methods: The baseline characteristics and treatment outcomes of patients who underwent ESD for SENs between November 2005 and 
December 2017 were retrospectively reviewed. 
Results: ESD was performed in 437 patients with 481 SENs, including 15 cirrhotic patients with 17 SENs. En bloc resection (88.2% vs. 
97.0%) and curative resection (64.7% vs. 78.9%) rates were not different between the cirrhosis and non-cirrhosis groups (p=0.105 and 
p=0.224, respectively). Bleeding was more common in cirrhotic patients (p=0.054), and all cases were successfully controlled endoscop-
ically. The median procedure and hospitalization duration did not differ between the groups. Overall survival was lower in cirrhotic 
patients (p=0.003), while disease-specific survival did not differ between the groups (p=0.85). 
Conclusions: ESD could be a safe and effective treatment option for SENs in patients with cirrhosis. Detailed preprocedural assess-
ments are needed, including determination of liver function, esophageal varix status, and remaining life expectancy, to identify patients 
who will obtain the greatest benefit. 
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Open Access

grams and the development of new endoscopic imaging tech-
niques, such as narrow-band imaging, have made early detection 
of superficial esophageal neoplasms (SENs) possible.1 Although 
open or minimally invasive esophagectomy is accepted as the 
treatment of choice for esophageal cancer,2 there remains con-
cern because esophagectomy is associated with high rates of 
mortality and morbidity.3 Therefore, endoscopic submucosal 
dissection (ESD) is now accepted as one of the possible treat-
ment options for SENs with a low risk of lymph node metastasis 
because it has shown potential efficacy and safety at a high rate 
of complete resection and low rate of adverse events.4 

Patients with liver cirrhosis have a high possibility of esopha-
geal neoplasms because alcohol consumption is a risk factor for 
esophageal cancer and liver cirrhosis.5 In a previous study, 7% 
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of patients who underwent esophagectomy had pathologically 
proven liver cirrhosis.6 Deciding to perform esophagectomy in 
patients with cirrhosis is particularly difficult, as dismal out-
comes of 50% in-hospital mortality in Child-Pugh class B and 
100% in class C patients with cirrhosis have been reported in a 
previous study.7 Therefore, if its use is feasible, ESD could be a 
more desirable option in patients with cirrhosis as it is a much 
less invasive procedure than esophagectomy. 

However, esophageal ESD is considered more difficult to per-
form in patients with cirrhosis than in the general population, 
as cirrhotic patients usually have a higher tendency to bleed and 
sometimes have esophageal varices that could hinder the ESD 
procedure. However, to the best of our knowledge, this topic has 
not been adequately investigated. Only two studies have evalu-
ated the short-term outcomes of ESD for SENs in patients with 
liver cirrhosis.8,9 As these two studies included a small sample 
(<10 patients), it remains unclear whether esophageal ESD is 
safe to perform in patients with cirrhosis. 

In this study, we report the clinical outcomes of esophageal 
ESD in cirrhotic patients and compare the results with those in 
non-cirrhotic patients. Furthermore, we evaluated the change in 
Child-Pugh classification status before and after esophageal ESD 
in cirrhotic patients to determine the safety of the procedure in 
terms of liver function. 

METHODS 

Patients 
Patients who underwent ESD for SENs at a tertiary university 
hospital between April 2005 and December 2017 were consid-
ered eligible for this study. Patients who underwent endoscopic 
mucosal resection were excluded from the study. The medical 
records of the patients were retrospectively reviewed, and data on 
the clinical characteristics of the patients, tumor characteristics, 
and procedural factors were investigated. Furthermore, data on 
the clinical outcomes of endoscopic resection, recurrence rates, 
and disease-specific and overall survival rates were analyzed. 

A review of medical records identified 17 SENs in 15 patients 
with cirrhosis, among all included patients. The shape and lo-
cation of the esophageal varices were evaluated according to the 
general rules for recording endoscopic findings of esophagogas-
tric varices.10 Child-Pugh classification was used to assess liver 
function in patients with cirrhosis. To evaluate the efficacy and 
safety of esophageal ESD in patients with cirrhosis, the clinical 
data of these patients were compared with those of 422 non-cir-

rhotic control patients with 464 SENs. 

Procedures and follow-up 
Endoscopic examination with white-light imaging, Lugol chro-
moendoscopy, and narrow-band imaging was performed to 
confirm the exact margin of the tumor before ESD. Endoscopic 
ultrasonography and computed tomography (CT) were per-
formed to evaluate the depth of tumor invasion and lymph node 
status. Positron emission tomography was performed in patients 
with invasive carcinoma to detect possible distant metastases. 
With patients under conscious sedation or general anesthesia, 
ESD procedures were performed by highly experienced endos-
copists in a standardized manner, as described previously.11 

Blood tests for complete blood cell count were performed the 
day after the procedure, and chest radiography was performed 
to identify the presence of pneumomediastinum or capnomedi-
astinum. Second-look endoscopy was generally not performed 
unless requested by the practicing endoscopist, due to the 
perceived high risk of bleeding. Proton pump inhibitors were 
administered intravenously from the morning of the procedure 
to the end of the non-per-os period. Follow-up endoscopic ex-
amination was performed every 6 months for the first 2 years 
after ESD and every year thereafter. Chest CT was performed 
biannually for the first 2 years after ESD and annually until 5 
years in patients with invasive carcinoma. Positron emission 
tomography and CT were performed at 1, 3, and 5 years after 
endoscopic resection. 

Histopathological evaluation 
Histopathological evaluation was performed as described previ-
ously.11 Resected specimens were fixed with formalin and sliced 
at 2-mm intervals. The specimens were pathologically reviewed 
according to the guidelines of the Clinical and Pathological 
Studies in Carcinoma of the Esophagus.12,13 

The depth of invasion was classified into five categories: T0, 
dysplasia; M1, carcinoma in situ; M2, tumor invading the lam-
ina propria; M3, tumor involving the muscularis mucosa; and 
submucosal invasion, defined as a tumor invading beyond the 
muscularis mucosa, including SM1 (tumor invasion <200 μm 
from the muscularis mucosa) and SM2 (tumor invasion >200 
μm from the muscularis mucosa).14 

Definitions 
En bloc resection was defined as a single-piece resection without 
fragmentation, regardless of the depth of invasion and lympho-
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vascular invasion. Complete resection was defined as tumor-free 
lateral and vertical margins on histological examination. Tumors 
removed in piecemeal resection were considered completely 
resected when evaluating the margins after achieving a perfect 
reconstruction of all pieces was possible. Curative resection was 
defined as the absence of a poorly differentiated feature, lym-
phovascular involvement, or submucosal invasion in the en bloc 
resected specimen. Tumors that did not meet the abovemen-
tioned criteria were considered non-curatively resected despite 
complete resection. 

Synchronous lesions were defined as tumors detected at a dif-
ferent location within 1 year of initial endoscopic resection, and 
metachronous lesions were those detected >1 year after endo-
scopic resection. 

Bleeding was defined as a condition that requires endoscop-
ic hemostasis and the presence of clinical symptoms such as 
hematemesis or melena. Perforation was considered to have 
occurred when mediastinal connective tissue was visible 
during the procedure or radiographically as the presence of 
free air on chest radiography. The stricture was defined as 
the presence of a standard endoscope (GIF-H260; Olympus, 
Tokyo, Japan) with a front-end diameter of 9.8 mm that could 
not pass through the ESD site. 

Liver cirrhosis was diagnosed based on imaging findings, in-
cluding abdominal ultrasonography and CT, laboratory findings, 
and medical history indicating portal hypertension, such as the 
presence of esophageal varices. 

Statistical analysis 
Differences between the cirrhosis and non-cirrhosis groups 
were analyzed using Fisher’s exact test for categorical variables 
and Wilcoxon rank-sum test for continuous variables. Logistic 
regression models were used to identify factors associated with 
non-curative resection after ESD. Kaplan-Meier analysis and 
log-rank tests were used for survival analysis. The index date 
was defined as the date of the first procedure. The patients were 
followed up from the index date to the time of death or the last 
follow-up date until June 2018. Statistical significance was set at 
p<0.05. All statistical analyses were performed using R 3.5.1 (R 
Foundation, Vienna, Austria; https://www.R-project.org/).  

Ethical statements  
The Institutional Review Board (IRB) of Asan Medical Center 
approved this study (IRB No: 2018-0249). All patients provided 
informed consent before the procedure.

RESULTS 

Baseline characteristics 
The baseline characteristics of patients with cirrhosis are sum-
marized in Table 1. The SENs of cirrhotic patients subjected to 
the procedure more than once were numbered in chronological 
order. Of the 15 cirrhotic patients with 17 SENs included in the 
analysis, 11 patients (73.3%) had early-stage cirrhosis classified 
as Child-Pugh class A. Three patients (20%) were classified as 
Child-Pugh class B and one patient (6.7%) as Child-Pugh class 
C. Excessive alcohol consumption (n=11, 73.3%) was the most 
common etiology of cirrhosis, followed by hepatitis B virus in-
fection (n=3, 20%) and primary biliary cirrhosis (n=1, 6.7%). 

The comparison between cirrhotic and non-cirrhotic patients 
did not show significant differences between the two groups regard-
ing sex, age, smoking, and alcohol consumption status (Table 2). 
Factors influenced by cirrhosis itself or those associated with 
splenomegaly, including prothrombin time, albumin, bilirubin, 
and platelet count, were significantly different between the two 
groups. 

Endoscopic and oncologic outcomes of ESD 
The endoscopic outcomes of 17 SENs in 15 cirrhotic patients and 
464 SENs in 422 non-cirrhotic patients are shown in Table 3. Al-
though the lesion size tended to be smaller in cirrhotic patients 
(12.0 mm vs. 18.5 mm, p=0.065), the total procedure time (me-
dian 44 minutes vs. 40 minutes, p=0.367) and hemostasis time 
during the procedure (median 5 minutes vs. 5 minutes, p=0.152) 
were similar between the groups. En bloc resection, complete 
resection, and curative resection rates were comparable between 
the cirrhosis and non-cirrhosis groups. 

Adverse events occurred in 61 cases (12.7%), including 11 
bleeding (2.3%), 17 perforation (3.5%), and 33 stricture (6.9%). 
Bleeding was observed more frequently in the cirrhosis group 
than in the non-cirrhosis group (p=0.054). Seven patients 
(41.2%) in the cirrhosis group received fresh-frozen plasma 
transfusions before ESD. Furthermore, four patients (3 [17.6%] 
for cirrhosis and 1 [0.2%] for idiopathic thrombocytopenic pur-
pura in the non-cirrhosis group) received platelet transfusion 
before ESD. All bleeding cases were successfully managed en-
doscopically without the need for additional surgery or angiog-
raphy. Esophageal varices were documented in eight of 17 SENs 
in the cirrhosis group, and their characteristics are presented in 
Table 1. Severe bleeding from an esophageal varix was observed 
in one patient (SEN 7) during the ESD procedure. Resection 
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Table 2. Baseline characteristics of all patients
Characteristic Cirrhosis (n=17) Non-cirrhosis (n=464) p-value
Male sex 16 (94.1) 438 (94.4) 1.000
Age (yr) 64 (60–68) 65 (59–71) 0.551
Smoking 0.594
 Current 6 (35.3) 120 (25.9)
 Past 9 (52.9) 255 (55.0)
 Never 2 (11.8) 89 (19.2)
Alcohol consumption 0.517
 Current 10 (58.8) 199 (42.9)
 Past 6 (35.3) 200 (43.1)
 Never 1 (5.9) 65 (14.0)
Prothrombin time (INR) 1.08 (1.01–1.17) 0.98 (0.94–1.02) <0.001
Albumin (g/dL) 3.7 (3.3–3.8) 3.9 (3.7–4.1) <0.001
Bilirubin (mg/dL) 0.7 (0.6–0.9) 0.5 (0.4–0.7) 0.003
Platelet count (×1,000/mL) 142 (107–162) 216 (184–257) <0.001
Creatinine (mg/dL) 0.83 (0.73–1.00) 0.90 (0.80–1.00) 0.188
Tumor location 0.686
 Upper esophagus 2 (11.8) 36 (7.8)
 Middle esophagus 9 (52.9) 277 (59.7)
 Lower esophagus 6 (35.3) 151 (32.5)

Values are presented as number (%) or median (interquartile range).
INR, international normalized ratio.

Table 1. Clinical characteristics of patients in the cirrhosis group

SEN 
no.

Patient 
no. Sex Age 

(yr)
Etiology 

of LC
C-P 
class 

(score)
INR

Platelet 
count 

(×1,000/mL)
Albumin 

(g/dL)
Bilirubin 
(mg/dL) Ascites Esopha-

geal varix a)
Lesion 

location CuR Reason for 
non-CuR

Adverse 
event

1 1 M 66 Alcohol A (6) 0.98 158 3.3 0.8 None No Upper Yes - Stricture
2 2 M 60 Alcohol C (10) 1.31 93 2.7 3.6 Slight F1CbLi Middle No Piecemeal 

resection
-

3 3 M 71 HBV A (6) 1.01 205 3.4 0.7 None No Lower Yes - -
4 4 M 73 Alcohol B (9) 1.08 143 2.7 1.6 Moderate F2CbLi Middle Yes - Stricture
5 5 M 63 Alcohol A (5) 1.06 126 3.9 0.6 None F1CbLi Lower No SMI (+) -
6 5 M 68 Alcohol A (5) 1.26 123 3.9 0.6 None F1CbLi Middle Yes - -
7 6 M 56 Alcohol B (7) 1.31 95 2.7 1.7 None F1CbLm Lower No LRM (+) Varix 

bleeding
8 7 M 61 Alcohol A (5) 1.22 100 3.7 0.5 None F1CbLm Lower Yes - -
9 7 M 61 Alcohol A (5) 1.17 101 3.8 0.7 None F1CbLm Middle Yes - -
10 8 M 55 Alcohol B (7) 1.09 162 2.5 0.9 None No Lower Yes - -
11 9 F 75 PBC A (5) 1.01 176 3.7 0.6 None No Middle Yes - -
12 10 M 59 Alcohol A (5) 0.92 179 3.9 1.8 None No Middle No LRM (+) Bleeding
13 11 M 64 HBV A (5) 1.01 142 3.8 0.6 None No Middle Yes - -
14 12 M 57 HBV A (5) 1.06 107 3.8 0.6 None No Lower Yes - -
15 13 M 67 Alcohol A (6) 1.1 154 3.5 0.7 None No Upper Yes - -
16 14 M 64 Alcohol A (5) 0.97 223 3.9 0.4 None No Middle No SMI (+) -
17 15 M 68 Alcohol A (6) 1.15 109 3.4 0.9 None F1CbLi Middle No SMI (+) Stricture
SEN, superficial esophageal neoplasm; LC, liver cirrhosis; C-P, Child-Pugh; INR, international normalized ratio; CuR, curative resection; HBV, hepatitis B 
virus; SMI, submucosal invasion; LRM, lateral resection margin; PBC, primary biliary cirrhosis.
a)Esophageal varices were assessed according to the general rules for recording endoscopic findings of esophagogastric varices.
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was non-curative because poor visualization due to bleeding 
made it impossible to procure sufficient resection margins. In 
the non-cirrhosis group, 17 patients had perforation during the 
endoscopic procedure, and all recovered after several days of 
fasting with or without endoscopic closure. No patient required 
additional surgery or intervention to manage the perforation. 
Overall, post-ESD strictures occurred in 33 cases (6.9%) and 
showed no difference between the groups (p=0.103). Of these, 
18 cases of stricture required endoscopic balloon dilatation and 
three required temporary stent insertion to manage luminal 
narrowing. In the cirrhosis group, one patient (SEN 4) under-
went balloon dilatation and another patient (SEN 1) successfully 
underwent temporary stent insertion without adverse events. 
The remaining 1 cirrhotic patient with stricture was observed 
without intervention because the symptoms were not severe. 

Curative resection was not achieved in six SENs in six cirrhot-
ic patients and in 98 SENs in 95 non-cirrhotic patients for the 
following reasons: 50 submucosal invasion, 34 positive resection 
margins, 10 lymphovascular invasion, nine piecemeal resection, 
and one poorly differentiated histology. Of the six cirrhotic pa-
tients with non-curative resection, two patients underwent ra-
diation therapy (RT), and the other four patients were observed 
without additional treatment due to old age or the patient’s re-
fusal to undergo treatment. During a median follow-up of 29.8 
months (interquartile range [IQR], 12.8−60.8 months), there 
was one metachronous recurrence in the RT group, which was 
treated with an additional ESD (Fig. 1). Of the 95 non-cirrhotic 
patients who underwent non-curative resection, 20 patients un-
derwent additional esophagectomy, 10 patients underwent con-
current chemoradiation therapy, and four patients underwent 

Table 3. Outcomes of endoscopic submucosal dissection
Outcome Cirrhosis (n=17) Non-cirrhosis (n=464) p-value
Lesion size (mm) 12 (10–18) 18.5 (12–29) 0.065
Specimen size (mm) 29 (27–41) 35 (28–45) 0.115
Total procedure time (min) 44 (30–70) 40 (29–54) 0.367
Hemostasis time (min) 5 (4–10) 5 (3–7) 0.152
Circumference (%) 0.837
 <50 11 (64.7) 258 (55.6)
 50–75 4 (23.5) 128 (27.6)
 >75 2 (11.8) 78 (16.8)
Histology 0.382
 Dysplasia 2 (11.8) 110 (23.7)
 Squamous cell carcinoma 15 (88.2) 354 (76.3)
Histological depth of invasion 0.492
 T0 2 (11.8) 110 (23.7)
 M1 5 (29.4) 114 (24.6)
 M2 4 (23.5) 140 (30.2)
 M3 3 (17.6) 53 (11.4)
 SM 3 (17.6) 47 (10.1)
En bloc resection 15 (88.2) 450 (97.0) 0.105
Complete resection 14 (82.4) 415 (89.4) 0.413
Lymphovascular invasion 1 (5.9) 15 (3.2) 0.443
Curative resection 11 (64.7) 366 (78.9) 0.224
Adverse events
 Bleeding 2 (11.8) 9 (1.9) 0.054
 Perforation 0 17 (3.7) 1.000
 Stricture 3 (17.6) 30 (6.5) 0.103
Hospital stay duration (day) 5 (4–7) 5 (4–7) 0.794
Overall death 3 (17.6) 33 (7.1) 0.127

Values are presented as median (interquartile range) or number (%).
T0, dysplasia; M1, carcinoma in situ; M2, tumor invading the lamina propria; M3, tumor involving the muscularis mucosa; SM, tumor invading the sub-
mucosa.
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RT (Supplementary Fig. 1). During the median follow-up pe-
riod, there was one metachronous recurrence in the RT group, 
while no recurrences were observed in the esophagectomy and 
concurrent chemoradiation therapy groups. The remaining 61 
patients were observed without additional treatment, and 10 
recurrence cases were reported within the group. One synchro-
nous recurrence was confirmed as local recurrence, and the pa-
tient underwent esophagectomy. 

Overall, curative resection was achieved in 377 SENs in 349 
patients. Of the 10 cirrhotic patients who underwent curative 
resection, two had synchronous recurrences, which were treat-
ed with additional EMR and ESD (Fig. 2). In the non-cirrhosis 
group, 21 patients with recurrence underwent additional ses-
sions of ESD, four patients (including one patient with local re-
currence) were treated with argon plasma coagulation, and one 

Fig. 1. Clinical course of cirrhotic patients with non-curative resec-
tion. SEN, superficial esophageal neoplasm; RT, radiation therapy; 
ESD, endoscopic submucosal dissection. 

Fig. 2. Clinical course of cirrhotic patients with curative resection. 
SEN, superficial esophageal neoplasm; EMR, endoscopic mucosal 
resection; ESD, endoscopic submucosal dissection. 

Table 4. Factors associated with non-curative resection after endoscopic submucosal dissection (n=104)

Variable
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value
Age 1.002 (0.976–1.030) 0.867 - -
Male sex 0.963 (0.401–2.684) 0.938 - -
Tumor location
 Lower (reference) 1 - - -
 Middle 1.043 (0.655–1.683) 0.861 - -
 Upper 0.678 (0.240–1.658) 0.424 - -
Lesion size 1.018 (1.003–1.033) 0.020 1.002 (0.975–1.031) 0.875
Specimen size 1.020 (1.005–1.036) 0.010 1.008 (0.978–1.037) 0.599
Procedure time 1.011 (1.004–1.018) 0.002 1.008 (1.000–1.017) 0.046
Cirrhosis 2.037 (0.687–5.494) 0.171

OR, odds ratio; CI, confidence interval.

A total of 481 SENs in 437 patients

377 SENs in 349 patients were curatively resected

11 SENs in 10 cirrhotic patients

2 Synchronous 
recurrence (cT1a)

No metachronous 
recurrence

Excluded: 104 non-curative resected SENs
    50 Positive submucosal invasion
    34 Positive resection margins 
    10 Presence of lymphovascular invasion
      9 Piecemeal resection
      1 Poorly differentiated histology

1 ESD1 EMR

104 SENs in 101 patients with non-curative resection

6 SENs in 6 cirrhotic patients

4 Observation 2 RT

Excluded: 98 SENs in 95 non-cirrhotic patients    

ESD

1 Metachronous 
recurrence (cT1a)

patient was treated with surgical esophagectomy (Supplementary 
Fig. 2). The median duration from ESD to recurrence was 14.8 
months (IQR, 6.8−29.9 months). 

Univariate logistic regression analysis, conducted to evaluate 
factors associated with non-curative resection, showed that 
lesion size, specimen size, and procedure time were related to 
non-curative resection (Table 4). Cirrhosis was not a significant 
risk factor for non-curative resection (p=0.171). In multivariate 
analysis, a longer procedure time was the only significant risk 
factor affecting non-curative resection (p=0.046). 

Survival analysis revealed that the cirrhosis group showed a 
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poorer overall survival than the non-cirrhosis group after ad-
justing for the follow-up duration (p=0.003) (Fig. 3A), while 
disease-specific survival did not show a difference between the 
groups (p=0.85) (Fig. 3B). There was no periprocedural mortal-
ity caused by ESD itself. The median follow-up period was 19.3 
months (IQR, 8.8−28.8 months) for the cirrhosis group and 30.4 
months (IQR, 12.8−61.3 months) for the non-cirrhosis group. 

None of the patients in the cirrhosis group experienced de-
terioration in liver function after ESD. Two patients showed an 
improvement in the Child-Pugh classification after ESD (SEN 
2 from classification C to B and SEN 7 from classification B to 
A in Table 1); however, the improvement was transient as it was 
caused by fresh-frozen plasma transfusion and albumin replace-
ment during the in-hospital period. 

DISCUSSION 

In this study, we compared the outcomes of esophageal ESD be-
tween cirrhotic and non-cirrhotic patients. The resection rates, 
including en bloc resection (88.2%), complete resection (82.4%), 
and curative resection (64.7%) in the cirrhosis group, were com-
parable to those of the non-cirrhosis group. This result was con-
sistent with two previous studies that reported complete resec-
tion rates of 85.7% and 77.8%.8,9 In addition to the fact that the 
cirrhosis group showed resection results comparable to those of 

the non-cirrhosis group, similar disease-specific survival in the 
two groups suggested that ESD could be an effective treatment 
option in cirrhotic patients with SENs. 

As esophagectomy in patients with cirrhosis carries a high 
risk of morbidity and mortality,7,15 ESD could be a better option 
than surgery in patients with both liver cirrhosis and SENs. 
However, as cirrhotic patients are well known to have a bleeding 
tendency and vulnerability to infection, there are concerns about 
increased postprocedural adverse events in cirrhotic patients. In 
the case of gastric ESD, which has been investigated more than 
esophageal ESD, a recent study has reported that performing 
gastric ESD in patients with compensated cirrhosis showed 
feasible efficacy and safety compared with that in non-cirrhotic 
patients without high risk of bleeding.16 On the contrary, the 
present study, which evaluated the outcomes of esophageal ESD, 
demonstrated that bleeding events were more frequent in the 
cirrhosis group (p=0.054), although the lesion size tended to 
be smaller in the cirrhosis group (p=0.065). This discrepancy 
in the risk of bleeding between gastric and esophageal ESD in 
cirrhotic patients could be explained by two factors. First, the 
present study included more patients with advanced cirrhosis 
than previous studies on gastric ESD.16 Second, the presence of 
esophageal varix was another reason because varices serve as an 
obstacle in performing esophageal ESD in cirrhotic patients and 
sometimes cause serious bleeding. 

Fig. 3. (A) Overall survival after endoscopic submucosal dissection. (B) Disease-specific survival after endoscopic submucosal dissection. LC, 
liver cirrhosis.
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In the present study, bleeding was observed more frequently 
in the cirrhosis group than in the non-cirrhosis group, and other 
adverse events, including perforation and strictures, were not 
different between the groups. Of the bleeding patients in the 
cirrhosis group, eight of 17 cases had concurrent esophageal var-
ices, and there was one case of severe variceal bleeding during 
the ESD procedure for which curative resection could not be 
achieved. Taken together with the fact that all bleeding events 
were controllable with endoscopic hemostasis without further 
adverse events, and none of the cirrhotic patients experienced 
deterioration of liver function after the procedure. We expect-
ed this was due to careful and intensive hemostasis during the 
procedure. Therefore, a meticulous evaluation of the spatial re-
lationship between esophageal varix and neoplasm and through 
hemostasis should be performed before and during ESD. More-
over, performing endoscopic variceal ligation before ESD may 
be helpful in some cases.8,9 

The curative resection rate in the cirrhosis group was 64.7% 
in our study, which was not as high as that of the non-cirrhosis 
group. There were six cases of non-curative resection in the cir-
rhosis group: three SM invasions, one piecemeal resection, and 
two lateral margin involvement. Of these, five cases, including 
three SM invasions, one piecemeal resection, and one lateral 
margin involvement, were caused by tumor factors or technical 
problems, and were not related to the underlying cirrhosis. The 
other patient with lateral margin involvement was the only pa-
tient affected by underlying cirrhotic conditions of bleeding with 
poor visualization. Of these non-curative resection patients, two 
patients underwent additional RT, and four patients were closely 
observed. During the median follow-up period, one patient in 
the RT group had a metachronous recurrence of mucosal cancer 
and no recurrence in the observation group. The disease-spe-
cific survival rate between patients with and without cirrhosis 
was not different. Considering the fact that esophagectomy is 
associated with a high morbidity rate of 83%−87% and mortality 
rate of 17%−30%, ESD followed by additional therapy, such as 
RT or concurrent chemoradiation therapy, could be considered 
carefully as an alternative therapy for esophageal cancer with 
submucosal invasion in patients with cirrhosis.17 

This study has several limitations. First, although this study 
included the largest number of cirrhotic patients thus far report-
ed to our knowledge, there were only 17 cases in the cirrhosis 
group, and all ESD procedures were performed in a single center. 
As a result, definitive conclusions cannot be drawn. Second, as a 
limitation of the retrospective study design, other comorbidities, 

including coagulopathy and the use of antithrombotic agents, 
which may be confounding factors, were not adequately investi-
gated. Third, ESD is an endoscopist-dependent procedure, and 
candidates for ESD were selected based on the discretion of the 
endoscopist. Therefore, a selection bias may have been present. 
However, our study showed favorable outcomes of ESD for 
SENs in patients with cirrhosis during a long-term follow-up 
period. 

In conclusion, we propose that ESD could be a safe and effec-
tive treatment option for SENs in patients with cirrhosis. Before 
performing esophageal ESD in cirrhotic patients, a detailed pre-
procedural assessment, including assessment of the esophageal 
varix status and the remaining life expectancy, is needed to select 
patients with the greatest benefit. 

Supplementary Material 

Supplementary Fig. 1. Clinical course of non-cirrhotic patients 
with non-curative resection.

Supplementary Fig. 2. Clinical course of non-cirrhotic patients 
with curative resection.

Supplementary materials related to this article can be found 
online at https://doi.org/10.5946/ce.2021.242.  
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Background/Aims: Previous artificial intelligence (AI) models attempting to segment gastric intestinal metaplasia (GIM) areas have 
failed to be deployed in real-time endoscopy due to their slow inference speeds. Here, we propose a new GIM segmentation AI model 
with inference speeds faster than 25 frames per second that maintains a high level of accuracy. 
Methods: Investigators from Chulalongkorn University obtained 802 histological-proven GIM images for AI model training. Four 
strategies were proposed to improve the model accuracy. First, transfer learning was employed to the public colon datasets. Second, an 
image preprocessing technique contrast-limited adaptive histogram equalization was employed to produce clearer GIM areas. Third, 
data augmentation was applied for a more robust model. Lastly, the bilateral segmentation network model was applied to segment GIM 
areas in real time. The results were analyzed using different validity values. 
Results: From the internal test, our AI model achieved an inference speed of 31.53 frames per second. GIM detection showed sensitivi-
ty, specificity, positive predictive, negative predictive, accuracy, and mean intersection over union in GIM segmentation values of 93%, 
80%, 82%, 92%, 87%, and 57%, respectively. 
Conclusions: The bilateral segmentation network combined with transfer learning, contrast-limited adaptive histogram equalization, 
and data augmentation can provide high sensitivity and good accuracy for GIM detection and segmentation. 

Keywords: Artificial intelligence; Deep learning; Gastric intestinal metaplasia; Real-time; Semantic segmentation  
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INTRODUCTION 

Gastric intestinal metaplasia (GIM) is a well-known premalig-
nant lesion and a risk factor for gastric cancer.1 Its diagnosis is 
highly challenging due to subtle mucosal changes that can be 
easily overlooked. White light endoscopy (WLE) alone, when 
observed by less experienced endoscopists, may lead to prema-
lignant lesions from normal mucosa being missed.2,3 Various 
techniques have been developed to enhance the detection rate 
of these lesions, including the multiple random biopsy protocol 
(Sydney protocol)4 and image-enhanced endoscopy (IEE), in-
cluding narrow-band imaging (NBI), blue light imaging, linked 
color imaging, iScan, and confocal laser imaging.5-7 Random bi-
opsy for histological evaluation is generally cost prohibitive. IEE 
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diagnosis entails a significant time requirement for training en-
doscopists to achieve high accuracy in GIM interpretation. Un-
like colonic polyps, segmentation of GIM is difficult to define 
because it usually has an irregular border with many scattered 
lesions. Segmentation of GIM can become very difficult and of-
ten results in poor results when performed by less experienced 
endoscopists.8 

Deep learning models (DLMs) have made dramatic entranc-
es into the field of medicine. One of the most popular research 
objectives in upper gastrointestinal (GI) endoscopy is to detect 
and segment early gastric neoplasms.9,10 Among the publicly 
available models, DeepLabV3+11 and U-Net12 are considered 
state-of-the-art DLMs for segmentation tasks. However, these 
models cannot be integrated in a real-time system that requires 
at least 25 frames per second (FPS)13; this is because of the sig-
nificant computation requirements for high-resolution images, 
which result in delays and sluggish displays of the captured ar-
eas during real-time endoscopy. 

Rodriguez-Diaz et al.14 applied DeepLabV3+ to detect colon-
ic polyps and achieve an inference speed (IFS) of only 10 FPS. 
Wang et al.15 applied DeepLabV3+ to segment gastrointestinal 
metaplasia and found that the IFS was only 12 FPS. In addition, 
Sun et al.16 employed U-Net to detect colonic polyps and reached 
a speed close to the threshold IFS (22 FPS). However, the image 
size was still relatively small (384×288 pixels) when compared 
with the much larger image in the current standard practice 
(1,920×1,080 pixels). Findings from our earlier experiments with 
U-Net revealed that the IFS was only three FPS in the current 
standard image size. In addition, the detection performances 
of many DLMs are still limited owing to the availability of only 
a handful of training GIM datasets. The suboptimal supply of 
medical images might cause low accuracy in the model, leading 
to poor practice performance. Therefore, additional techniques 
to improve DLM accuracy, including transfer learning (TL),17 im-
age enhancement, and augmentation (AUG), may be necessary. 

This study aimed to establish and implement a new DLM 
with additional techniques (TL, image enhancement, and 
AUG) that could produce a more practical real-time semantic 
segmentation with high accuracy to detect GIM during upper 
GI endoscopy. 

METHODS 

Study design and participants 
A single-center prospective diagnostic study was performed. 

We trained and tested our DLMs to detect GIM using WLE and 
NBI using data from the Center of Excellence for Innovation 
and Endoscopy in Gastrointestinal Oncology, Chulalongkorn 
University, Thailand. Informed consent for the endoscopic 
images was obtained from consecutive GIM patients aged 18 
years or older who underwent upper endoscopy under WLE 
and/or IEE between January 2016 and December 2020. We as-
signed the pathological diagnosis as a ground-truth diagnosis. 
Two pathologists from King Chulalongkorn Memorial Hospital 
made pathological assessments of specimens obtained from 
different biopsy stomach sites in at least five areas: two antrums, 
two bodies, and one incisura, according to the updated Sydney 
System. Patients with a history of gastric surgery or otherwise 
diagnosed with other gastric abnormalities such as erosive gas-
tritis, gastric ulcers, gastric cancer, high-grade dysplasia, low-
grade dysplasia, and those without a confirmed pathological 
diagnosis were excluded. 

Endoscopy and image quality control 
All images were recorded using an Olympus EVIS EXERA III 
GIF-HQ190 gastroscope (Olympus Medical Systems Corp., To-
kyo, Japan). Two expert endoscopists (RP and KT) with a mini-
mum of 5 years of experience in gastroscopy and a minimum of 
3 years of experience in IEE and had performed more than 200 
GIM diagnoses were selected to review all images. Poor-quality 
images, which consisted of halation, blur, defocus, and mucus, 
were removed. The size of the raw images was 1,920×1,080 pix-
els, and they were stored in a joint photographic expert group 
(JPEG) format. All images were cropped to show only the gas-
tric epithelium (nonendoscopic images and other labels such as 
patient information were removed), resulting in an image with 
1,350×1,080 pixels. 

Image datasets 
After the biopsy-proven GIM images were obtained, with 
unanimous agreement, two expert endoscopists (RP and KT) 
performed annotations on the images to define GIM segments 
using LabelMe.18 The labeled images were stored in portable 
network graphics (PNG) format and referred to as ground-
truth images. Data were stratified by the type of image to ensure 
that the proportion between white light and NBI images was 
maintained. The labeled GIM images were separated into three 
datasets. Seventy percent of the expected total GIM images 
were used as the training set, 10% were assigned for validation, 
and 20% served as the test dataset. 
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In addition to GIM images, an equal number of non-GIM 
gastroscopy images were also included in the test set to repre-
sent a realistic situation and to evaluate the results on non-GIM 
images. In these non-GIM frames, no annotations were made, 
except for cropping of the nonendoscopic areas. 

Model development 
Four main modules, including three preprocessing modules 
and one model training module, were used to improve the 
accuracy of our DLM (Fig. 1). First, the concept of TL was 
employed to overcome the small training size issue of GIM.17 
We utilized 1,068 colonic-polyp images from public datasets 
(CVC-Clinic19 and Kvasir-SEG20), as shown in Supplementary 
Figure 1, to pretrain the model to allow the DLM to learn from 
the GIM dataset more effectively (Supplementary Table 1). 

Second, and similar to IEE, each GIM image was enhanced by 
using contrast-limited adaptive histogram equalization (CLA-
HE) to amplify the contrast of the GIM regions (Supplementary 
Fig. 2).21 Third, multiple data AUG tricks were applied to create 
data variations. Nine AUG tricks were employed, including flips 
(horizontal and vertical), rotations (0°−20°), sharpening, add-
ing of noise, transposition, shift scale rotations, blur, optical dis-
tortions, and grid distortions. This step was aimed at increasing 
the training size, preventing overfitting, and making the model 
more robust (Supplementary Fig. 3). 

Finally, a bilateral segmentation network (BiSeNet)22 specifi-
cally designed for real-time segmentation using a much smaller 
model was applied on top of the pretrained model containing 

both the enhanced and augmented GIM images to achieve an 
IFS greater than 25 FPS.13 Two baseline models (DeepLabV3+11 
and U-Net12) were also used to analyze the datasets and serve as 
benchmark models (Supplementary Fig. 4). 

Performance evaluation 
The model’s performance was evaluated by an internal test in 
regards to two aspects: (1) GIM detection (the whole frame) 
and (2) GIM area segmentation (labeling the gastric mucosa 
area containing GIM). For GIM detection, true positives were 
classified when the prediction and the ground-truth regions in 
the GIM images overlapped by greater than 30%. True negatives 
were assigned when the size of the predicted region covered 
less than 1% of the non-GIM areas. The model validity was 
analyzed using metrics including sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), and 
accuracy. 

Segmentation performance was evaluated by the mean in-
tersection over union (mIoU) areas, as shown in Figure 2. For 
non-GIM images, we calculated the surplus area that was incor-
rectly predicted as the GIM area. This was defined as the “errors.” 
IFS, a crucial measure that must be greater than 25 FPS in order 
for the model to create inferences in real time, was evaluated 
using FPS. The test dataset was assessed using each model. 
BiSeNet22 was used as the main model, with additional TL,17 
CLAHE,21 and AUG techniques. We used four versions of our 
new models (BiSeNet alone, BiSeNet+TL, BiSeNet+TL+CLA-
HE, and BiSeNet+TL+CLAHE+AUG) in the test dataset. Two 
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Fig. 1. The proposed framework of our study. GI, gastrointestinal; CLAHE, contrast-limited adaptive histogram equalization; BiSeNet, bilater-
al segmentation network.
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benchmark models (DeepLabV3+11 and U-Net12) were also 
tested on the same dataset to compare the model performance 
(Fig. 3). 

Statistical analysis 
For the classification result, McNemar test was conducted to 
compare agreement and disagreement between our model and 
each baseline. For the segmentation results, a paired t-test was 
conducted for each image. For the IFS, a paired t-test was also 
computed to compare the run time of each round (five rounds 
total). 

Ethical statements 
The Institutional Review Board of the Faculty of Medicine, 
Chulalongkorn University, Bangkok, Thailand has approved 
this study in compliance with the International Guidelines for 
Human Research Protection in the Declaration of Helsinki, 
the Belmont Report, CIOMS guidelines, and the International 
Conference on Harmonization in Good Clinic Practice (ICH-
GCP; COA 1549/2020; IRB number 762/62). The protocol was 
registered at ClinicalTrials.gov (NCT04358198). 

RESULTS 

We collected and labeled 802 biopsy-proven GIM images from 

136 patients between January 2016 and December 2020 from 
the Center of Excellence for Innovation and Endoscopy in Gas-
trointestinal Oncology, Chulalongkorn University, Thailand. 
A total of 318 images were obtained from WLE, and 484 were 
NBI. Two expert endoscopists (RP and KT) performed anno-
tations on the images to define GIM segments using labeling 
software, LabelMe,18 with unanimous agreement. Labeled GIM 
images were randomly separated into training (70%, 560 imag-
es), validation (10%, 82 images), and testing (20%, 160 images) 
datasets (Table 1). The test dataset also included 160 non-GIM 
gastroscopy images, which included 137 WLE and 23 NBI im-
ages. 

GIM diagnostic performance 
Using the images from both WLE and NBI, BiSeNet combined 
with three additional preprocessing techniques (TL, CLAHE, 
and AUG) showed the highest sensitivity (93.13%) and NPV 
(92.09%) when compared to BiSeNet alone and BiSeNet with-
out full preprocessing techniques. The diagnostic specificity, 
accuracy, and PPV of BiSeNet+TL+CLAHE+AUG were 80.0%, 
86.5%, and 82.3%, respectively. The overall performance of our 
proposed model (BiSeNet+TL+CLAHE+AUG) was signifi-
cantly better than those of DeepLabV3+ and U-Net (p<0.01 for 
all parameters). The results for all six models are presented in 
Table 2. 

Fig. 2. Examples of intersection over union (mIoU) evaluation on a gastric intestinal metaplasia image. (A) IoU=0.8, (B) IoU=0.6, (C) 
IoU=0.4. Red indicates a ground-truth region. Blue indicates a predicted region. Green demonstrates the intersected area.
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Fig. 3. Prediction examples in six images, where the green circle encloses the gastric intestinal metaplasia (GIM) area. (A) Raw image, (B) 
ground-truth, and (C) prediction by BiSeNet alone, and (D) prediction by our full model (BiSeNet+TL+CLAHE+AUG). Rows 1–4 represent 
GIM images, and rows 5–6 represent non-GIM images. BiSeNet, bilateral segmentation network; TL, transfer learning; CLAHE, contrast- 
limited adaptive histogram equalization; AUG, augmentation.
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Table 1. Data separation in the gastric intestinal metaplasia dataset
Folder White light image Narrow-band image Total
Training 231 329 560
Validation 31 51 82
Testing 56 104 160
Total 318 484 802

Table 2. GIM detection performance of two baseline models (DeepLabV3+ and U-Net) compared to four BiSeNet variations
Both WLE and NBI images Sensitivity Specificity PPV NPV Accuracy 
Baseline
 DeepLabV3+ 83.75 70.00 73.63 81.16 76.88
 U-Net 87.50 62.50 70.00 83.33 75.00
Our model
 BiSeNet 81.88 87.50 86.75 82.84 84.69
 BiSeNet+TL 80.00 91.88 85.94 82.12 85.94
 BiSeNet+TL+CLAHE 89.38 73.75 77.30 87.41 81.56
 BiSeNet+TL+CLAHE+AUG 93.13 80.00 82.32 92.09 86.56

Values are presented as percentage.
GIM, gastric intestinal metaplasia; WLE, white light endoscopy; NBI, narrow-band imaging; BiSeNet, bilateral segmentation network; TL, transfer learn-
ing; CLAHE, contrast-limited adaptive histogram equalization; AUG, augmentation; PPV, positive predictive value; NPV, negative predictive value.

Table 3. GIM detection performance of two baseline models (DeepLabV3+ and U-Net) compared to four BiSeNet variations, all using WLE 
images

WLE images alone Sensitivity Specificity PPV NPV Accuracy 
Baseline
 DeepLabV3+ 80.36 68.61 51.14 89.52 72.02
 U-Net 85.71 60.58 47.06 91.21 67.88
Our model
 BiSeNet 78.57 85.40 68.75 90.70 83.42
 BiSeNet+TL 71.43 91.24 76.92 88.65 85.49
 BiSeNet+TL+CLAHE 83.93 72.99 55.95 91.74 76.17
 BiSeNet+TL+CLAHE+AUG 85.71 78.83 62.34 93.10 80.83

Values are presented as percentage.
GIM, gastric intestinal metaplasia; WLE, white light endoscopy; BiSeNet, bilateral segmentation network; TL, transfer learning; CLAHE, contrast-limited 
adaptive histogram equalization; AUG, augmentation; PPV, positive predictive value; NPV, negative predictive value.

Table 4. GIM detection performance of two baseline models (DeepLabV3+ and U-Net) compared to four BiSeNet variations, all using NBI 
images

NBI images alone Sensitivity Specificity PPV NPV Accuracy 
Baseline
 DeepLabV3+ 85.58 78.26 94.68 54.55 84.25
 U-Net 88.46 73.91 93.88 58.62 85.83
Our model
 BiSeNet 83.65 100.00 100.00 57.50 86.61
 BiSeNet+TL 84.62 95.65 98.88 57.89 86.61
 BiSeNet+TL+CLAHE 92.31 78.26 95.05 69.23 89.76
 BiSeNet+TL+CLAHE+AUG 97.12 86.96 97.12 86.96 95.28

Values are presented as percentage.
GIM, gastric intestinal metaplasia; NBI, narrow-band imaging; BiSeNet, bilateral segmentation network; TL, transfer learning; CLAHE, contrast-limited 
adaptive histogram equalization; AUG, augmentation; PPV, positive predictive value; NPV, negative predictive value.

The diagnostic performances of BiSeNet+TL+CLAHE+AUG 
when using WLE images alone (Table 3) was lower than that of 
NBI images alone (Table 4) in all modalities, including speci-
ficity (78.8% vs. 86.9%), accuracy (80.8% vs. 95.2%), and PPV 
(62.3% and 97.1%). Furthermore, the overall performance of 
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BiSeNet+TL+CLAHE+AUG from either WLE or NBI images 
was significantly better than the benchmarks DeepLabV3+ and 
U-Net (p<0.01 for all parameters) (Tables 3, 4). 

GIM segmentation performance 
BiSeNet with three preprocessing models showed the highest 
mIoU in segmenting GIM areas (57.04%±2.75%) compared 
to BiSeNet alone and BiSeNet without full preprocessing tech-
niques (mIoU 45.94%±3.07% for BiSeNet alone; 47.29%±3.18% 
for BiSeNet+TL; and 54.94%±2.90% for BiSeNet+TL+CLA-
HE), with an error of less than 1% (0.96%). When compared 
to the benchmark models DeepLabV3+ and U-Net, the mIoU 
of BiSeNet with the three combinations was significantly bet-
ter (mIoU 57.04%±2.75% for BiSeNet+TL+CLAHE+AUG; 
49.22%±3.06% for DeepLabV3+; and 53.02%±2.99% for U-Net; 
p<0.01 in all parameters) (Table 5). 

The segmentation performance of BiSeNet+TL+CLAHE+ 
AUG when using WLE images alone (Supplementary Table 2) 
was lower than that using NBI images alone (Supplementary 
Table 3), 52.94% vs. 59.25% in terms of mIoU. Moreover, the 
overall performance of BiSeNet+TL+CLAHE+AUG using ei-
ther WLE or NBI images was significantly better than that of 
DeepLabV3+ and U-Net (p<0.01) (Supplementary Tables 2, 3). 

Inference speed 
The IFS of BiSeNet+TL+CLAHE+AUG was 31.53±0.10 FPS. 
BiSeNet alone and all BiSeNet combinations with preprocess-
ing models achieved an IFS greater than the 25 FPS threshold. 
The IFS of the benchmark models, DeepLabV3+ and U-Net, 
reached only 2.20±0.01 and 3.49±0.04, respectively (Table 6). 

To explore the ability of our model to segment GIM areas 

Table 5. The segmentation performance of two baselines (DeepLabV3+ and U-Net) compared to four BiSeNet family models
Both WLE and NBI images mIoU for GIM (%) Error for non-GIM (%)
Baseline
 DeepLabV3+ 49.22±3.06 1.79±0.72
 U-Net 53.02±2.99 1.81±0.53
Our model
 BiSeNet 45.94±3.07 0.46±0.18
 BiSeNet+TL 47.29±3.18 0.33±0.17
 BiSeNet+TL+CLAHE 54.94±2.90 0.98±0.36
 BiSeNet+TL+CLAHE+AUG 57.04±2.75 0.96±0.36

Values are presented as ±95% CI.
BiSeNet, bilateral segmentation network; WLE, white light endoscopy; NBI, narrow-band imaging; mIoU, mean intersection over union; 
GIM, gastric intestinal metaplasia; CI, confidence interval; TL, transfer learning; CLAHE, contrast-limited adaptive histogram equalization; 
AUG, augmentation.

Table 6. The inference speed of the two benchmarks (DeepLabV3+ 
and U-Net) compared to four BiSeNet family model variations

Method Frames per second
Baseline
 DeepLabV3+ 2.20±0.01
 U-Net 3.49±0.04
Study model
 BiSeNet 34.02±0.24
 BiSeNet+TL 33.33±0.05
 BiSeNet+TL+CLAHE 31.83±0.31
 BiSeNet+TL+CLAHE+AUG 31.53±0.10

Values are presented as mean ± standard deviation.
BiSeNet, bilateral segmentation network; TL, transfer learning; CLAHE, 
contrast-limited adaptive histogram equalization; AUG, augmentation.

in a real-time clinical setting, we tested the model on a WLE 
video (Supplementary Video 1). In the video clip, the model 
successfully segmented the GIM lesions correctly without any 
sluggishness. 

DISCUSSION 

The suspicion of GIM based on artificial intelligence (AI) read-
ings may facilitate targeted biopsy. In particular, since unneces-
sary endoscopic biopsy can be avoided, AI methods would be 
useful for patients at risk of bleeding, such as those with coagu-
lopathy or platelet dysfunction or those taking antithrombotic 
agents. Techniques using deep learning for the detection and 
analysis GI lesions using convolutional neural networks23 have 
rapidly evolved.24 The two primary objectives for DLM are de-
tection and diagnosis (CADe/CADx). Earlier DLMs for GI en-
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doscopy have been successfully employed on the lower GI tract 
(e.g., colonic-polyp classification, localization, and detection). 
DLM employed on the colon achieved a real-time performance 
with a very high sensitivity (>90%).25 

There have been many attempts to use DLM to detect up-
per GI lesions, including gastric neoplasms, while performing 
upper GI endoscopy; however, most studies have focused on 
detecting gastric cancer.26-29 Unlike colonic polyps that require 
only CADe/CADx, GIM requires more precise segmentation 
because it usually contains irregular borders with many satellite 
lesions. None of the current DLMs could achieve the expected 
level of real-time segmentation because the IFS was still too 
slow. Xu et al.30 used four DLMs, including ResNet-50,31 VGG-
16,32 DenseNet-169,33 and EfficientNet-B4,34 and demonstrated 
their GIM detection capabilities; however, the endoscopist still 
had to freeze the image in order to segment the GIM area. This 
is not practical when performing a real-time upper GI endosco-
py.30 In addition, their DLMs were mainly used for interpreting 
NBI images rather than WLE images, which is usually the pre-
ferred mode during initial endoscopy. 

Our study showed that by adding all three preprocessing 
techniques (TL, CLAHE, and AUG) to the BiSeNet model, the 
new DLM could achieve a sensitivity and NPV higher than 
90% for detecting GIM using both WLE and NBI images while 
maintaining an IFS faster than the 25 FPS threshold. 

BiSeNet is a recent real-time semantic segmentation tool that 
balances the need for accuracy with an optimum IFS. Using 
BiSeNet alone, the IFS was ten times faster than the two other 
baseline models, DeepLabV3+ and U-Net (34.02 vs. 2.20 and 
3.49% FPS), with comparable performance in terms of classi-
fication and segmentation. Despite the impressive speed, the 
sensitivity and NPV of BiSeNet alone for GIM detection was 
only 82% and 83%, respectively. Hence, it could not pass the 
threshold recommended by the Preservation and Incorporation 
of Valuable Endoscopic Innovations (PIVI) standards for diag-
nostic tools that require an NPV>90%.35 Therefore, additional 
preprocessing methods such as TL, CLAHE, and AUG are re-
quired to improve model validity, especially the NPV.  

While the number of GIM images in our database was lim-
ited, the upper GI images shared common characteristics with 
colonoscopic images in terms of color and texture, allowing 
the colonoscopic images to be utilized for TL. By adding 2,680 
colonoscopic images, TL increased the specificity of the model 
from 87% to 92%, although the NPV remained lower than the 
90% threshold.  

The biggest improvement in our DLM can be credited to the 
application of CLAHE. The detection sensitivity improved by 
almost 10% (from 82% to 89%), and the mIoU increased by 
9% points (from 46% to 55%). This is probably due to the large 
number of WLE images in our training data, which provided 
robust image enhancement. Because CLAHE enhances small 
details, especially textures and local contrast, it can amplify 
WLE image contrast similar to IEE technology. This is promis-
ing for achieving high efficacy in our DLM on WLE images 
without the need for the NBI mode during real-time endos-
copy. 

AUG also further improved the sensitivity compared to the 
previous model by 4% (from 89% to 93%) and increased the 
mIoU by 2% (from 55% to 57%). Among all three preprocess-
ing methods, TL seemed to show the least benefit. We believe 
that this may be caused by the differences in the backgrounds 
of the pretraining colon datasets when compared to the GIM 
dataset. In retrospect, other upper GI images of disorders such 
as hemorrhagic gastritis, gastric ulcer, and gastric cancer should 
have been used instead of just colon images. 

Our study illustrated that when using BiSeNet alone, the IFS 
(31.53±0.10) was faster than the minimum requirement for a 
real-time performance of 25 FPS. Although the model might 
have a comparable sensitivity to the two original benchmarks, 
DeepLabV3+ and U-Net (81.88% vs. 83.75% and 87.50%, re-
spectively), the specificity of BiSeNet was significantly higher 
than that of the two baselines (87.50% vs. 70.00% and 62.50%, 
respectively; p<0.01). By adding the three techniques of TL, 
CLAHE, and AUG, we demonstrated a significant improvement 
in validities across the board. Importantly, the high NPV for 
GIM diagnosis in our model (92.09%) exceeded the acceptable 
performance threshold outlined by PIVI as a screening endos-
copy tool. Notably, the other DLMs did not reach the threshold 
number. 

For the GIM segmentation, our DLM produced an mIoU 
of 57.04%, which is considerably lower than that of a substan-
tial mIoU. Since GIM typically presents as scattered lesions in 
the same area, we believe that correct segmentation on more 
than half of all GIM lesions is sufficient for the endoscopists 
to perform targeted biopsy and to provide the correct recom-
mendation regarding the frequency of endoscopic surveillance 
from the extension of GIM. For example, the British Society of 
Gastroenterology guidelines on the diagnosis and management 
of patients at risk of gastric adenocarcinoma recommend an in-
terval of endoscopic surveillance according to the extension of 
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GIM.36 An interval of 3 years is recommended for patients with 
extensive GIM, defined as that affecting both the antrum and 
body. For patients with GIM limited to only the antrum, the 
risk of gastric cancer development is very low; therefore, further 
surveillance is not recommended.36 

The key breakthrough of this study is that, for the first time, a 
DLM has been able to achieve an IFS speed that is fast enough 
to perform real-time GIM segmentation. Our full DLM could 
also detect and segment GIM areas from both WLE and NBI 
images. We believe that our DLM is more practical for endos-
copists who usually perform initial endoscopy with WLE and 
then switch to NBI mode for detailed characterization after a 
lesion is detected. We also feel that our DLM may aid less ex-
perienced endoscopists in locating more suspected GIM areas 
during WLE, considering that they can switch to NBI mode af-
ter being notified by the DLM to further examine the suspected 
GIM areas more efficiently. 

The findings of this study must be tempered with several 
limitations that could impact the successful replication and 
real-time success of our model. First, we retrieved the GIM 
images from one endoscopy center using a single endoscope 
model. To address the issue of dataset quality and increase 
the generalizability of results, images from other endoscopy 
centers and endoscope models with different IEE modes, in-
cluding iScan, blue light imaging, and linked color imaging, 
are needed. Second, this model has not been fully studied in 
a real-time setting. Our preliminary test showed that it could 
function well without sluggish frames. Most importantly, 
endoscopists did not need to freeze the video to produce 
the still image for the DLM analysis (Supplementary Video 
1). Third, we excluded other endoscopic findings, including 
hemorrhagic gastritis, gastric ulcer, and gastric cancer, as 
well as retained food content, bubbles, and mucous from our 
datasets. Therefore, our model may return more errors when 
analyzing lesion images. However, we feel that in real-time 
procedures, endoscopists should easily distinguish between 
these abnormalities and the actual suspected GIM areas. 
Finally, the results of this study were based on an internal 
test that lacked external validation. Nevertheless, we plan to 
conduct an external validation test to prove the results of this 
study in the near future. 

In conclusion, compared with the benchmark models Dee-
plabV3+ and U-Net, the BiSeNet model in combination with 
three techniques (TL, CLAHE, and data AUG) significantly 
improved GIM detection while maintaining a fair quality of 

segmentation (mIoU>50%). With the IFS reaching 31.53 FPS 
in this model, these results pave the way for future research on 
real-time GIM detection during upper GI endoscopy. 

Supplementary Material 

Supplementary Video 1. The model was tested on a real video 
during esophagogastroduodenoscopy. It successfully captured 
the gastric intestinal metaplasia lesions in real time (https://doi.
org/10.5946/ce.2022.005.v001). 

Supplementary Fig. 1. Examples of colonoscopy images for 
transfer learning.

Supplementary Fig. 2. Images pre- and postprocessed by CLAHE. 

Supplementary Fig. 3. Examples of the nine data augmentation 
techniques applied to each gastric intestinal metaplasia image.

Supplementary Fig. 4. Model architecture of the BiSeNet. 

Supplementary Table 1. Images and resolution of each dataset 
for transfer learning. 

Supplementary Table 2. Segmentation performance of two base-
line models (DeepLabV3+ and U-Net) compared to four BiSeNet 
family models focused on white light endoscopy images.

Supplementary Table 3. Segmentation performance of two base-
line models (DeepLabV3+ and U-Net) compared to four BiSeNet 
family models focused on narrow-band imaging images.  
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INTRODUCTION 

Anastomotic leak from upper gastrointestinal (UGI) surgery is 
a major complication associated with significant perioperative 
morbidity, mortality, and prolonged hospital stay. Leak rates 
have been reported to vary between 3% and 8%.1-4 These leaks 
have also been shown to have an impact on the longterm sur-

Background/Aims: Surgeons and endoscopists have started to use endoscopically inserted double pigtail stents (DPTs) in the manage-
ment of upper gastrointestinal (UGI) leaks, including UGI anastomotic leaks. We investigated our own experiences in this patient pop-
ulation. 
Methods: From March 2017 to June 2020, 12 patients had endoscopic internal drainage of a radiologically proven anastomotic leak af-
ter UGI surgery in two tertiary UGI centers. The primary outcome measure was the time to removal of the DPTs after anastomotic 
healing. The secondary outcome measure was early oral feeding after DPT insertion. 
Results: Eight of the 12 patients (67%) required only one DPT, whereas four (33%) required two DPTs. The median duration of drain-
age was 42 days. Two patients required surgery due to inadequate control of sepsis. Of the remaining 10 patients, nine did not require a 
change in DPT before anastomotic healing. Nine patients were allowed oral fluids within the 1st week and a soft diet in the 2nd week. 
One patient was allowed clear oral feeds on the 8th day after DPT insertion. 
Conclusions: Endoscopic internal drainage is becoming an established minimally invasive technique for controlling anastomotic leak 
after UGI surgery. It allows for early oral nutritional feeding and minimizes discomfort from conventional external drainage. 
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Open Access

vival of patients undergoing curative resection for gastric can-
cer.4-6 There is currently no consensus regarding the best mo-
dality of management.3 Options include conservative treatment 
with nil by mouth, total parenteral nutrition, and antibiotics, or 
endoscopic therapy or surgery. Recently, the number of endo-
scopic options has increased. These endoscopic options include 
fully covered self-expanding metal stents (SEMSs), endoscopic 
clips, endoscopic glue, fistula plugs, endoscopic vacuum-assist-
ed closure, drainage of the perianastomotic leak cavity through 
the anastomotic defect via a tube from the nose, and double 
pigtail stent (DPT) insertion.7-12 The fact that there are such a 
large number of options implies that none of these techniques 
are superior. This also means that there may be an opportunity 
to individualize treatment based on the location and anatomical 
features of the leak.  

As such, we investigated our own experience and elucidated 
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some limitations and contraindications to the use of DPTs in 
this patient population to help guide patient management. 

METHODS 

From March 2017 to June 2020, 12 patients had a DPT inserted 
for internal drainage of an anastomotic leak after UGI surgery 
in two tertiary UGI centers. Data were collected and retrospec-
tively analyzed. Patient features and demographics are listed in 
Table 1. All patients, without exception, who had a radiologi-
cally proven anastomotic leak with a perianastomotic collection 
during the study period were included, and informed consent 
for the procedure as well as the potential need for multiple en-
doscopic sessions was obtained from all patients. 

The procedure was performed under topical anesthesia and 

intravenous sedation with midazolam and fentanyl in an en-
doscopy suite equipped with image intensification facilities. 
Endoscopic internal drainage (EID) was preceded by an endo-
scopic evaluation of the location and size of the anastomotic 
leak. A guidewire was then inserted endoscopically into the 
perianastomotic collection under fluoroscopic guidance. A 
DPT was subsequently inserted via the Seldinger technique 
over the guidewire, with one end of the stent placed within the 
collection and the other end of the stent positioned into the gut 
lumen. The size and number of DPTs chosen depended on both 
the size of the defect and the collection. As a rule of thumb, if 
the adult esophagogastroduodenoscopy (EGD) scope (9.9 mm 
diameter) could pass through the defect into the cavity, two 
DPTs were deployed, whereas if the defect was smaller than 9.9 
mm, one DPT was deployed. In theory, if the leak is so large 
that the double pigtail spiral curves would not be able to hold 
the stent in place, then DPTs would not be inserted. Generally, 
the default DPT is a 7 Fr, 7 cm DPT as it fits through a standard 
adult EGD scope channel and is of a reasonable length. Once 
the stent had been deployed, diluted water-soluble contrast was 
injected to confirm contrast passage into the distal gut lumen 
with good drainage and minimal leakage into the cavity. A na-
sojejunal tube (NJT) was then routinely inserted, taking care 
not to dislodge the DPT during the procedure. NJT feeding 
commenced the day after the procedure, and unless the patient 
was quite malnourished, the NJT feeding was stopped, and the 
NJT was removed as soon as the patient was established on an 
oral liquid diet. 

A repeat EGD was performed 6 weeks later in all patients to 
assess for any persistent leak and whether the DPT could be 
removed or had to be replaced. If there was still a persistent 
defect and associated cavity, the DPT was replaced. Figures 1 
to 3 demonstrate the before and after effects of successful DPT 
deployment. 

The primary outcome measure was the time to DPT removal 
after anastomotic healing. The secondary outcome measure 
was early oral feeding after DPT insertion. Anastomotic healing 
was defined as the absence of a contrast leak proven either en-
doscopically or radiologically. 

Pre- and postprocedure inflammatory markers such as C-re-
active protein, white cell count, and temperature were routinely 
monitored to confirm ongoing sepsis resolution after DPT 
insertion and during the phase of reinstitution of oral intake 
as well. Once patients were well established on an oral soft diet 
and sepsis was under control, antibiotics could be oralized, and 

Table 1. Patient demographics and characteristics (n=12)
Variable Value
Age (yr) 67.5±7.6
Male sex 10 (83.3)
Preexisting diabetes 4 (33.3)
Postoperative days to diagnosis (day) 6 (3–28)
Postoperative days to EUS insertion (day) 13.5 (5–50)
Method of initial diagnosis
 Computed tomography 9 (75.0)
 Contrast swallow 3 (25.0)
Preceding pathology
 Gastric GIST 2 (16.7)
 Gastric adenocarcinoma 4 (33.3)
 Gastroesophageal junctional adenocarcinoma 4 (33.3)
 Esophageal squamous cell carcinoma 2 (16.7)
Preceding operation
 Minimally invasive Ivor Lewis esophagectomy 3 (25.0)
 Minimally invasive McKeown’s esophagectomy 2 (16.7)
 Open subtotal gastrectomy 1 (8.3)
 Open total gastrectomy 1 (8.3)
 Open proximal gastrectomy 1 (8.3)
 Open completion gastrectomy 2 (16.7)
 Laparoscopic proximal gastrectomy with double tract 

reconstruction
1 (8.3)

 Laparoscopic total gastrectomy 1 (8.3)
Location of leak
 Esophagogastric 6 (50.0)
 Esophagojejunal 5 (41.7)
 Gastrojejunal 1 (16.7)

Values are presented as mean±standard deviation, number (%), median 
(range).
EUS, endoscopic ultrasonography; GIST, gastrointestinal stromal tumor.
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A B C D

Fig. 1. Endoscopic view of the healing process of anastomotic leak. (A) Esophagojejunal anastomotic leak (arrows). (B) Prior to removal of 
the pigtail stent. (C, D) Three months later.

Fig. 2. Fluoroscopy view during endoscopic internal drainage. (A) Perianastomotic collection (arrow). (B) A guidewire was inserted into the 
perianastomotic collection cavity under radiological guidance before double pigtail stent deployment. (C) Six weeks later, no obvious contrast 
leaks were observed (arrow). All contrast flowed into the jejunum. A small amount of contrast in the remnant cavity traveled from double 
pigtail stent in situ.

A B C

Fig. 3. Abdominal computed tomography findings pre- and postendoscopic internal drainage (EID) insertion. (A) Pre-EID: perianastomotic 
collection was demonstrated (arrow). (B) Post-EID: the size of perianastomotic collection decreased and any contrast leakage into collection 
was not seen.

A B
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the patients were discharged home with the DPTs in situ. They 
would then return for their relook EGD as an outpatient at the 
6-week mark. 

Ethical statements 
Because this study was based on a retrospective analysis of 
existing clinical data, the requirement for informed patient con-
sent was waived.

RESULTS 

Of the 12 patients, 10 (83%) underwent surgery for gastric 
or esophageal malignancy, and two underwent surgery for a 
gastrointestinal stromal tumor (GIST). Five (42%) underwent 
open surgery. The average age was 67.5 years, with a male (83%) 
preponderance. Four patients (33%) had a medical history of 
type II diabetes mellitus. The types of anastomotic leaks were as 
follows: five esophagojejunal (42%), six esophagogastric (50%), 
and one gastrojejunal (8%). Table 1 summarizes the patients’ 
demographics and characteristics. Two patients underwent sal-
vage surgery soon after DPT insertion and were excluded from 
the analysis of the primary and secondary outcomes. Table 2 
summarizes the internal endoscopic drainage parameters and 
the results. 

The median time to diagnosis of a leak was 6 days postopera-
tively. Seven leaks were diagnosed within the 1st week, and one 

of them had a delayed diagnosis because the patient was not 
stable enough to undergo endoscopic evaluation for confirma-
tion of an anastomotic leak. However, small locules of gas were 
seen next to the anastomosis on imaging. Another patient had a 
subclinical, delayed leak with a small collection seen on a com-
puted tomography (CT) scan performed on readmission on day 
28. The median time to EID was 13.5 days postoperatively. The 
time to EID was delayed to day 22 in one patient as the patient 
initially underwent external drainage on day 8, with a repeat 
water-soluble contrast study showing persistent leak before 
proceeding to EID. EID was also delayed in another patient due 
to other complications with hypovolemic shock due to bleed-
ing from the left hepatic artery as well as from the first jejunal 
branch of the superior mesenteric artery both of these required 
interventional angioembolization. Subsequently, the patient had 
a persistent liver hematoma that required surgical evacuation. 

The exact size of the anastomotic defect was not documented 
in all cases, but eight of the 12 patients (67%) only required one 
DPT, whereas four (33%) required two DPTs inserted at the 
same time. The median duration for which the DPT was left in 
situ was 42 days. The majority (90%) did not require a change in 
the DPT before anastomotic healing. One patient who required 
repeated replacement of the DPT was later found to have early 
cancer recurrence at the anastomosis and is discussed in greater 
detail below. There were no patients for whom the defect was so 
large that DPTs were not inserted. 

Nine patients were allowed oral fluids within the 1st week 
and a soft diet by the 2nd week, while one patient was allowed 
oral fluids by day 8 and a soft diet by the 3rd week post-DPT 
insertion. There were no cases of luminal stenosis or any other 
anastomotic complication after DPT removal in cases success-
fully treated with DPTs. 

Two patients required surgery due to inadequate control of 
sepsis. On day 9, the first patient was found to have an esoph-
agogastric anastomotic leak following a minimally invasive 
McKeown esophagectomy for squamous cell carcinoma of the 
mid-esophagus. Following the insertion of two DPTs, the pa-
tient developed an esophagotracheal fistula the next day. The 
fistulous opening in the trachea was at a site remote from the 
location of the DPTs. It was located just proximal to the location 
where the right main bronchus came off the trachea. Neverthe-
less, surgery was required as the silicone plastic Y-stent placed 
via rigid bronchoscopy did not seal the leak from the airway. 
Fully covered self-expanding metal Y-stents, which would have 
produced a better seal, are not available in our institution.  

Table 2. Endoscopic internal drainage parameters and results
Variable Result
No. of pigtail stents inserted at initial endoscopy
 1 8
 2 4
No. with concomitant NJT insertion at initial endosco-

py
6

No. who had TPN 2
No. with percutaneous drainage 1
No. needing a second endoscopy with DPT insertion 1
Time to oral intake (day)
 Clear fluids 0–8
 Full fluids 1–14
 Soft diet 5–28
Duration DPTs left in situ (day), median (range) 42 (13–120)
No. in whom defect closed with DPT alone 9
No. requiring salvage surgery 2
Mortality 1

NJT, nasojejunal tube; TPN, total parenteral nutrition; DPT, double pigtail 
stent.
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The second patient who required salvage surgery was eventu-
ally found to have distal obstruction due to an internal hernia. 
The patient underwent proximal gastrectomy and double tract 
reconstruction for a proximal gastric GIST. Esophagojejunal 
leak was diagnosed on postoperative day 6, and a DPT was in-
serted on the same day. After insertion of the DPT, the patient 
had persistently high output from his chest drains and devel-
oped atrial fibrillation with some hemodynamic instability. As 
such, he was returned to the theater, and a left posterolateral 
thoracotomy was performed. The defect was slightly proxi-
mal to the anastomosis and was controlled with a T-tube and 
then patched with a surrounding intercostal muscle patch. He 
continued to have a very high nasogastric tube output, and a 
follow-up CT scan showed a persistently dilated loop of the je-
junum. He returned to the theater for a laparotomy, and it was 
found that he had an internal hernia of his biliopancreatic (BP) 
limb through his retrocolic window, causing proximal obstruc-
tion of the BP limb and partial compression of the Roux-limb. 
Due to the double tract reconstruction, the BP limb could still 
decompress retrogradely through the remnant stomach. 

One patient had ongoing leakage despite several changes in 
the DPT. This was later found to be due to recurrent cancer 
at the anastomosis site. This patient eventually succumbed to 
metastatic disease, and the fistula never healed, progressing to 
a gastrocolic fistula in the later stages. Her postoperative course 
was complicated by superior mesenteric artery and splenic 
artery pseudoaneurysms and bleeding requiring repeated an-
gioembolization procedures. The leak was persistent, with a 
resultant chronic abscess cavity that did not resolve with the 
deployment of an extra stent or with upsizing of the stents. The 
patient eventually developed a fistula to the colon, underwent 
laparoscopic cecostomy diversion, and covered SEMS. The pa-
tient subsequently developed multiple peritoneal metastases, 
and a decision was made for palliative care. 

DISCUSSION 

Anastomotic leak from UGI surgery is associated with in-
creased mortality and prolonged hospital stay. Hence, early 
identification and treatment are key to reducing morbidity and 
mortality. Management options include conservative treatment 
with antibiotics, endoscopic therapy, or surgery. The choice of 
which management option to use is often made based on the 
patient’s clinical condition, timing of diagnosis, anastomotic 
level, and size of the defect. Although many new endoscopic 

therapies have recently been described, outcomes are variable, 
and there is still no consensus on the optimal approach. Surgi-
cal revision may also not be successful due to surrounding in-
flammation. Furthermore, patients often have poor nutritional 
status, anastomotic ischemia, or both, and these may predispose 
them to anastomotic dehiscence in the first place. 

Early diagnosis and appropriate treatment are key to reduc-
ing morbidity and mortality from anastomotic leaks. Leaks are 
proven either radiologically (e.g., water-soluble contrast swal-
low, or CT scan with demonstration of contrast leakage or a 
perianastomotic collection) or endoscopically, which allows for 
direct visualization of the luminal defect as well as assessment 
of the integrity of the rest of the anastomosis. Such leaks may 
be managed conservatively with a combination of antibiotics, 
nasogastric/jejunal tubes that bypass the site of anastomotic 
leakage and enable enteral nutrition, parenteral nutrition, and 
adequate drainage, which is traditionally often external. An 
increasing number of endoscopic modalities for treatment have 
emerged over the past two decades, including fully covered 
SEMS, endoscopic suturing, clips, tissue sealants, and even 
endoscopic vacuum-assisted closure therapy.7,8 However, these 
modalities have variable outcomes and are not without com-
plications. For example, SEMSs have several disadvantages, in-
cluding stent migration and stent erosion into large vessels, plus 
they are relatively expensive. Fibrin glue may require repeated 
applications. Endoscopic vacuum-assisted closure requires 
changing the endoscopic sponge under general anesthesia every 
three to 7 days or so, and the patients are not permitted any oral 
intake while the sponge is in situ. Surgical management is prob-
ably still indicated in cases with larger defects, failure of con-
servative treatment, or signs of diffuse peritonitis or sepsis with 
organ failure. Options include direct repair of the anastomosis, 
reconstruction of the anastomosis, or removal of the anastomo-
sis with temporary diversion.1,3,7-13 

EID is not a new concept and has been used with good suc-
cess rates in the management of pancreatic pseudocysts via cyst 
gastrostomy.14-16 This same principle can be applied in the man-
agement of leaks and fistulas following both upper and lower 
gastrointestinal surgery using a DPT with one end in the gastro-
intestinal tract and the other in the fistula/collection. The use of 
EID with DPTs for laparoscopic sleeve gastrectomy leaks is now 
well established in the literature.17-20 Surgeons and endoscopists 
have been quick to extrapolate this usage to the management 
of all UGI leaks, including UGI anastomotic leaks. This has 
been employed in a few centers with encouraging results.11,12 It 
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is postulated that pigtail stents act as a foreign body on the edge 
of the leak and inside the cavity, promoting a reaction to try to 
seal off and extrude the foreign body toward the gut lumen.18,19 
Compared to endoluminal vacuum therapy, patients with EID 
can generally commence oral feeding earlier, EID procedures 
can be performed without a general anesthetic, and there is less 
need for frequent and repeated endoscopic procedures.21-23 

Nine out of 12 patients were successfully managed with EID 
using DPT in this case series. DPT allows for early oral nu-
tritional feeding and potentially avoids conventional external 
drainage. The primary aim of DPT is to allow for adequate 
drainage and, therefore, to form a controlled situation. Some 
have also postulated that trauma to the orifice from the in-
sertion of a DPT also helps promote reepithelialization of the 
internal opening and, therefore, healing of the anastomotic 
leak. Normal peristaltic movement will also help create neg-
ative pressure intraluminally, which will aid the flow of fluid/
pus from the abdominal collection into the intraluminal space 
according to the Bernoulli principle. Removal of the stent will 
subsequently be followed by spontaneous closure, as all that is 
left is a tight “mold” of tissue around the stent in the extralu-
minal portion. Good early nutritional support and appropriate 
antibiotic coverage for sepsis control are important aspects 
of management. Therefore, EID aids patient recovery by en-
hancing nutritional status, increasing patient mobility without 
external drainage, and minimizing the length of hospital stay. 
All of these will help reduce other postoperative complications 
such as deep vein thrombosis and hospital-acquired pneumo-
nia. However, surgical intervention is still likely required for 
uncontained leaks with generalized peritonitis, as these will not 
be adequately controlled with DPT. 

The reasons for the non-healing of fistulas appear to be appli-
cable to the failure of DPTs as well. It is well known that fistulas 
are generally not close in the presence of high fluid output, 
foreign bodies, radiation, inflammatory bowel disease, epitheli-
alization of the tract, neoplasia, distal obstruction, and sepsis in 
the form of undrained abscesses. In one of our patients, failure 
was due to neoplasia, while in another, it was due to distal ob-
struction. In a third patient, it was due to the appearance of an 
esophagotracheal fistula, possibly due to inadequately drained 
sepsis. The use of steroids or other immunosuppressive medi-
cations, as well as poor patient nutrition, also negatively affect 
healing. 

One of the limitations of this study was the lack of clear doc-
umentation regarding the size of the defect, as this data was 

retrospectively collected. The sample size is relatively small, but 
the results are consistent with other published data showing 
high success rates.12 It was also slightly subjective, depending on 
the judgment of the endoscopist with regard to the estimated 
defect size as well as the number of DPTs to be inserted during 
the procedure. The exact time to anastomotic healing is also 
unclear as repeat EGD was performed 6 weeks later in uncom-
plicated cases for reassessment and to determine if the DPT 
could be removed. Future studies with larger sample sizes to 
increase generalizability could consider repeating endoscopic 
evaluation earlier to allow for earlier stent removal and mini-
mize the theoretical risk of DPT migration (either intralumi-
nally or into the abdominal cavity). Plain radiography should 
be performed prior to reevaluation with endoscopy to confirm 
that the DPT is still present, as it often spontaneously extrudes 
itself, and endoscopy is no longer strictly necessary.  

In conclusion, EID is a relatively safe and minimally invasive 
technique for controlling anastomotic leak after UGI surgery. 
Limitations to its use include neoplasia, distal obstruction, and 
other undrained septic foci. It can be expected that other for-
eign bodies, such as ineffectual endoscopic clips at the leak site, 
may also lead to non-closure. Likewise, inflammatory bowel 
disease, previous high-dose radiation, immunosuppressive 
drugs, and poor nutrition may reduce the chances of successful 
EID with DPTs.  
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INTRODUCTION 

Colnic diverticular bleeding (CDB) is the most frequent cause 
of lower gastrointestinal bleeding.1 Several endoscopic tech-
niques, including epinephrine injection, thermal coagulation, 
endoscopic clipping (EC), endoscopic band ligation (EBL), and 
over-the-scope clip, have been used for the treatment of CDB. 
The EBL method has been reported to be beneficial in treating 
CDB, with a lower rebleeding rate than conventional treatment, 

Background/Aims: Endoscopic band ligation (EBL) is used to treat colonic diverticular bleeding (CDB). An endoscopic variceal liga-
tion device for esophageal varices is used as a conventional EBL device (C-EBL). A new EBL device (N-EBL) was developed by Sumito-
mo Bakelite Co. in August 2018. We aimed to evaluate the clinical outcomes of N-EBL compared with those of C-EBL. 
Methods: Seventy-nine patients who underwent EBL for CDB at St. Luke’s International Hospital, Japan, between 2017 and 2020 were 
included in this retrospective study. Patients were divided into the C-EBL and N-EBL groups. Their clinical outcomes, including 
achieving initial hemostasis, early rebleeding, procedure time, and EBL-associated adverse events, were evaluated. 
Results: Of the 79 patients, 36 (45.6%) were in the C-EBL group and 43 (54.4%) were in the N-EBL group. The rate of achieving initial 
hemostasis was 100% in the C-EBL group and 93.0% in the N-EBL group. No significant difference was noted in the early rebleeding 
rate between the groups (p=0.24). The N-EBL group achieved a shorter median EBL procedure time than the C-EBL group (14.2 min-
utes vs. 18.2 minutes, p=0.02). No adverse events were observed in either group. 
Conclusions: The N-EBL device is safe and useful and may reduce EBL procedure time. 
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including epinephrine injection, thermal coagulation, and 
EC, and elimination of the diverticulum after EBL.2-4 The EBL 
method was described as a treatment for CDB in the guidelines 
for CDB and colonic diverticulitis published by the Japan Gas-
troenterological Association in 2018.5 Until now, the esopha-
geal endoscopic variceal ligation (EVL) device (MD48710 U; 
Sumitomo Bakelite Co., Tokyo, Japan) has been used for CDB 
as a conventional EBL device (C-EBL). However, in August 
2018, a new EBL device (N-EBL) for CDB was developed by 
the company with regulatory approval. The N-EBL device has 
the following characteristics: it includes three types of devic-
es according to the endoscope diameter, is approved for the 
treatment of not only CDB but also internal hemorrhoids, and 
provides a wider field of vision than C-EBL. The N-EBL de-
vice has been widely used for the treatment of CDB; however, 
detailed information and comparative studies have not been 
reported. 

Therefore, this retrospective cohort study aimed to compare 
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the clinical outcomes between C-EBL and N-EBL for the treat-
ment of CDB. 

METHODS 

Patients and study design 
We conducted a retrospective study at St. Luke’s International 
Hospital, a tertiary referral center in Tokyo, Japan, between 
April 2017 and February 2020. A total of 79 patients who were 
treated with EBL as the first-line treatment for definitive CDB 
were included. 

We divided the patients into two groups before and after the 
introduction of the new device (August 2018): the C-EBL group 
was treated with the conventional EBL device and the N-EBL 
group was treated with the new EBL device. The primary out-
come was the rate of early rebleeding within 30 days after EBL. 
The secondary outcomes were the rate of initial achieving he-

mostasis, the rate of complete inversion of the diverticulum af-
ter EBL, procedure time, and adverse events such as perforation 
and diverticulitis. 

New endoscopic band ligation device 
The characteristics of both devices used in this study are shown 
in Table 1 and Figure 1. The N-EBL, developed by Sumitomo 
Bakelite Co., is available in three types, depending on the 
outer diameter of the adaptive endoscope, making it high-
ly versatile for different types of colonoscopes: MD-48910B 
(10.5−12.0 mm), MD-48912B (12.2−13.0 mm), and MD-
48913B (13.1−13.8 mm). We used the MD-48912B N-EBL in 
this study in accordance with the endoscopes adopted in our 
hospital. The device is approved for the treatment of CDB and 
internal hemorrhoids. Moreover, this device provides a wider 
field vision than C-EBL (Fig. 2). 

Table 1. Features of the endoscopic band ligation devices
Variable C-EBL N-EBL
Device name EVL Device (MD-48710U) EBL Device (MD-48912B)
Company Sumitomo Bakelite Co., Tokyo, Japan Sumitomo Bakelite Co., Tokyo, Japan
Height of ligator (mm) 7.0 5.0
Diameter of inner hood (mm) 9.8 11.8
Advantage Conventionally used devices Regulatory approval for CDB clearer view when inserting scope
Disadvantage No regulatory approval for CDB

C-EBL, conventional endoscopic band ligation device; N-EBL, new endoscopic band ligation device; EVL, endoscopic variceal ligation; CDB, colonic di-
verticular bleeding.

Fig. 1. (A) The appearance of a new endoscopic band ligation device. (B) The appearance of a conventional endoscopic band ligation device.

5.0 mm
7.0 mm

9.8 mm11.8 mm

A B
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Endoscopic band ligation method 
Colonoscopy was performed using a water-jet scope (PCF-Q260 
AZI, PCF-Q260JI, PCF-H290I, or GIF-Q260J; Olympus Med-
ical Systems, Tokyo, Japan). A transparent hood (D201-12704; 
Olympus Medical Systems) was attached to the endoscope. 
Bowel preparation was performed in all cases except when vital 
signs were unstable. When a diverticulum with stigmata of re-
cent hemorrhage (SRH) was identified, hemoclips (HX-610-135; 
Olympus Medical Systems) were applied as markers near the 
responsible diverticulum, and the endoscope was removed. The 
endoscope was re-inserted after attaching a band ligator device 
(MD-48710 EVL device in the C-EBL group and MD48912B 
EBL device in the N-EBL group). The responsible diverticulum 
was suctioned into the hood of the band ligator device, and an 
elastic O-ring was deployed.6-9 Colonoscopy was performed by 
expert or non-expert endoscopists under supervision. Expert 
endoscopists were defined as the institutional teaching staff of 
St. Luke’s International Hospital who were also board-certified 
members of the Japanese Society of Gastroenterology and had 
performed more than 500 routine colonoscopies. None of the 
non-expert endoscopists were board-certified members of the 
Japanese Society of Gastroenterology; however, they had per-
formed >500 routine colonoscopies before performing endo-
scopic hemostasis. Patients were followed up at our outpatient 
clinic for at least 30 days after EBL.  

Data collection and definition  
The following data were obtained from patients’ medical re-

cords: age, sex, blood transfusion, location of hemorrhage, the 
type of SRH, inversion of the diverticula after EBL, extravasa-
tion on computed tomography, and EBL-associated adverse 
events. 

Definite CDB was defined as CDB with SRH. SRH was de-
fined as the visualization of active bleeding, a non-bleeding vis-
ible vessel, and an adherent clot.10 We defined rebleeding as the 
presence of a significant quantity of fresh blood loss or passage 
of wine-colored stools after colonoscopy. Complete inversion 
was defined as the presence of the apex of the diverticulum in 
the intestinal lumen after EBL, and incomplete inversion was 
defined as the absence of the apex of the diverticulum in the 
intestinal lumen after EBL (Fig. 3). The procedure time was di-
vided into three parts in accordance with a previous report11: (a) 
time to identify the bleeding diverticulum, (b) EBL procedure 
time between marking the site of bleeding with hemoclips and 
completing the O-band release, and (c) total procedure time 
(Fig. 4). 

Statistical analysis 
Continuous variables are presented as median (interquartile 
range) and were compared using the Mann-Whitney U-test. 
Categorical variables are presented as number (percentage) and 
were compared using Fisher exact test. All statistical analyses 
were performed using IBM SPSS ver. 24.0 (IBM Corp., Ar-
monk, NY, USA). All p-values were two-sided. A p-value <0.05 
was considered statistically significant. 

A B

Fig. 2. (A) The view of the new endoscopic band ligation device. (B) The view of the conventional endoscopic band ligation device.
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Ethical statements
This study was approved by the Institutional Review Board (No: 
18-R157), and the need for patient consent was waived owing 
to its retrospective design.

RESULTS 

Of the 79 patients, 36 (45.6%) were in the C-EBL group and 43 
(54.4%) were in the N-EBL group. The characteristics of the 
patients in both groups are shown in Table 2. There were no 
statistically significant differences in patient characteristics be-

tween the SRH-positive and SRH-negative groups. 

Rate of achieving initial hemostasis with EBL 
The success rate of achieving initial hemostasis with EBL was 
100% (36/36) in the C-EBL group and 93.0% (40/43) in the 
N-EBL group. In all patients in whom hemostasis was unsuc-
cessful in the N-EBL, the mucosa of the responsible diverticu-
lum was hardened due to diverticulitis and the band could not 
be applied. In these cases, additional treatments, such as EC and 
epinephrine injection, were performed. 

A B

Fig. 3. (A) Examples of complete inversion. (B) Incomplete inversion.

(c) Total procedure time

(a) Time to identify the bleeding diverticulum

1

1  Time to identify the bleeding diverticulum
2  Marking with hemoclips near the diverticulum
3  Removal of the endoscope
4  Attaching the band ligation
5  Reinsertion of the endoscope
6  Endoscopic band ligation
7  Removal of the endoscope

32 4 75 6

(b) EBL procedure time

Fig. 4. Time frame of the endoscopic band ligation (EBL) procedure.
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Table 2. Patient characteristics
Characteristic C-EBL (n=36) N-EBL (n=43) p-value
Age (yr) 75 (58–84) 66 (57–80) 0.260
Male sex 27 (75.0) 35 (81.4) 0.586
Hypertension 21 (58.3) 32 (74.4) 0.154
Diabetes mellitus 6 (16.7) 13 (30.2) 0.193
Chronic kidney disease 6 (16.7) 8 (18.6) 0.531
Ischemic heart disease 14 (38.9) 11 (25.6) 0.232
Antithrombotic agents 14 (38.9) 14 (38.9) 0.363
NSAIDs 1 (2.8) 3 (7.0) 0.621
Contrast CT 27 (75.0) 32 (74.4) 0.581
 Contrast extravasation on CT 9 (33.3) 11 (34.4) 0.577
Preparation 32 (88.9) 32 (74.4) 0.150
Expert endoscopist 19 (52.8) 16 (37.2) 0.181
Location of hemorrhage 0.282
 Cecum 0 1 (2.3)
 Ascending colon 17 (47.2) 23 (53.5)
 Hepatic flexure 5 (13.9) 9 (20.9)
 Transverse colon 1 (2.8) 3 (7.0)
 Descending colon 1 (2.8) 1 (2.3)
 Sigmoid colon 12 (33.3) 6 (14.0)
Stigmata of recent hemorrhage 0.806
 Active bleeding 13 (36.1) 18 (41.9)
 Non-bleeding visible vessel 13 (36.1) 15 (34.9)
 Adherent clot 10 (27.8) 10 (23.3)

Values are presented as median (interquartile range) or number (%).
C-EBL, conventional endoscopic band ligation; N-EBL, new endoscopic band ligation; NSAIDs, nonsteroidal anti-inflammatory drugs; CT, computed 
tomography.

Table 3. Outcome measurements
Variable C-EBL (n=36) N-EBL (n=40) p-value
Early rebleeding 3 (8.3) 7 (17.5) 0.241
Complete inversion 29 (80.6) 32 (80.0) 0.590
Blood transfusion 14 (38.9) 18 (45.0) 0.646
Procedure time (min)
 Time to identify the bleeding diverticulum 24.1 (1–73) 27.1 (5–87) 0.128
 EBL procedure time 18.2 (7–39) 14.2 (2–36) 0.020
 Total procedure time 42.9 (10–91) 45.8 (7–110) 0.560
Complication 0 0 NS

Values are presented as number (%) or median (interquartile range).
C-EBL, conventional endoscopic band ligation; N-EBL, new endoscopic band ligation; NS, not significant.

Early rebleeding within 30 days after EBL 
The early rebleeding rate within 30 days after EBL among pa-
tients with successful initial hemostasis was 8.3% (3/36) in the 
C-EBL group and 17.5% (7/40) in the N-EBL group, with no 
significant difference between the groups (p=0.241) (Table 3). 
The characteristics of patients with early rebleeding are shown 

in Table 4. 

Rate of complete inversion of the diverticula, procedure 
time, and complications 
The rate of complete inversion of the diverticula after EBL was 
80.6% (29/36) in the C-EBL group and 80.0% (32/40) in the 
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Table 4. Patients with rebleeding

No Age (yr) Sex Device Location SRH Antithrombotic 
agent Comorbidity Inversion Operator Day to 

rebleeding
Additional 
treatment

1 79 F C S/C AB None HT Incomplete Expert 4 Clipping
2 66 M C A/C AB Aspirin HT, IHD Complete Expert 1 EBL
3 85 M C S/C AB None None Complete Nonexpert 1 Clipping
4 91 M N Hepatic flexure AB None HT, DM, CKD Incomplete Expert 2 Clipping
5 52 M N T/C NBVV None None Complete Expert 5 Conservative
6 68 M N A/C NBVV Aspirin, clopidogrel HT, DM, IHD Incomplete Nonexpert 2 Conservative
7 55 M N Hepatic flexure NBVV Aspirin, prasugrel HT, DM, IHD Incomplete Expert 2 Clipping
8 71 M N A/C AB Aspirin, warfarin HT, CKD, IHD Incomplete Nonexpert 3 Conservative
9 49 F N A/C NBVV None None Complete Expert 4 Clipping
10 65 M N A/C AC None None Complete Nonexpert 3 EBL

SRH, stigmata of recent hemorrhage; C, conventional endoscopic band ligation device; S/C, sigmoid colon; AB, active bleeding; HT, hypertension; A/
C, ascending colon; IHD, ischemic heart disease; EBL, endoscopic band ligation; N, new endoscopic band ligation device; DM, diabetes mellitus; CKD, 
chronic kidney disease; T/C, transverse colon; NBVV, non-bleeding visible vessel; AC, adherent clot.

N-EBL group, with no significant difference observed between 
the groups (p=0.590). In terms of procedure time, no significant 
difference was noted between the groups in the time to identify 
diverticular bleeding and total procedure time. The EBL pro-
cedure time in the N-EBL group was significantly shorter than 
that in the C-EBL group by approximately 4 minutes (p=0.020). 
No complications, such as perforation or diverticulitis, were ob-
served in either group (Table 3).  

DISCUSSION 

This retrospective cohort study was conducted to compare 
clinical outcomes of patients with CDB who were treated using 
the C-EBL and N-EBL devices. The N-EBL device is as safe and 
useful as the C-EBL device for CDB. Additionally, treatment 
with the N-EBL device was associated with a shorter procedure 
time. 

The effectiveness of EBL for CDB has been widely reported. 
We reported that the rebleeding rate was 5.6% with EBL, which 
is significantly lower than the 33.3% reported with clipping.12 
Furthermore, in a meta-analysis, Ishii et al.3 reported that the 
rate of transition to arterial embolization and surgery was lower 
in the ligation group than that in the coagulation or clipping 
group. 

In contrast, the EBL method for CDB has a few disadvantag-
es. The first is the need for reinsertion, which is time-consum-
ing and labor-intensive for both the patient and the endoscopist. 
Second, there are a few reports of EBL-related adverse events 
such as perforation and diverticulitis due to mucosal ischemia 

caused by banding.13,14 Furthermore, the C-EBL device is used 
for esophageal varices and requires institutional approval to be 
used for the treatment of CDB. 

In the present study, no significant difference was noted in 
the early rebleeding rate between the C-EBL and N-EBL groups 
(8.3% vs. 17.5%, p=0.241). However, the difference in the re-
bleeding rate was remarkable. Further studies are required to 
confirm the validity of our results. The characteristics of pa-
tients with rebleeding in the N-EBL group were that most cases 
occurred on the right side of the colon (4/7, 57.1%), and three 
of these seven patients were on two anti-thrombotic agents. In 
both groups, approximately half of the operators were experts. 
Rebleeding after EBL is generally known to be massive and 
severe in patients with CDB on the right side of the colon and 
those on multiple anti-thrombotic agents.15,16 These studies  
suggested that such cases of CDB should be carefully moni-
tored for rebleeding even after EBL. We believe that the size 
and depth of the diverticulum may contribute to rebleeding, 
although this was not investigated in our study. Furthermore, of 
the 10 cases of rebleeding, five were incomplete inversion cases. 
In these cases, the cause was not only re-rupture of the respon-
sible vessel in the banded diverticulum but also bleeding result-
ing from ulceration of the dimpling area caused by incomplete 
inversion (Fig. 5). In the EBL method, the mucosal inversion of 
the responsible diverticulum cuts off blood flow in the vasa rec-
ta, which leads to ulceration and eventually scarring. However, 
the dimpling area caused by incomplete inversion interferes 
with the complete eradication of the responsible blood vessel, 
resulting in rebleeding. 
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Therefore, we believe that it is crucial to prevent incomplete 
inversion to reduce the rebleeding rate. Incomplete inversion 
after EBL involves diverticulum-related aspects, such as size and 
depth and the device used. In the present study, the effect of di-
verticulum-related factors on incomplete inversion and rebleed-
ing was not investigated; hence, further research is warranted. 
The major difference between N-EBL and C-EBL is mobility 
when attached to the endoscope. The diameter of the O-ring 
band is the same for C-EBL and N-EBL; however, the diameter 
of the endoscope attachment is different. The adaptive diameter 
of the endoscope attachment of the C-EBL was made for upper 
endoscopes (9.8 mm), whereas that of the N-EBL device, which 
was made for colonoscopes, is wider than that of the C-EBL and 
enables deep attachment to the endoscope because of the wide 
range of motion. It was assumed that when the new device was 
attached deeper, there would not be enough space for inversion, 
resulting in incomplete inversion. We believe that incomplete 
inversion in patients with rebleeding in N-EBL is largely due to 
the device and diverticulum-related aspects. 

In terms of procedure time, the EBL procedure time was sig-
nificantly reduced by approximately 4 minutes in the N-EBL 
group, although no significant difference was observed between 
the time to identify the diverticulum and the total procedure 
time. We believe that this is because the new device is able to 
obtain a clearer view; the N-EBL device is transparent, whereas 
the C-EBL device is white. In addition, as mentioned above, the 
new device can be deeply attached to the endoscope (Fig. 2). In 
most cases of CDB, the field of view is obstructed by residual 

Fig. 5. (A) Incomplete inversion of the diverticulum after endoscopic band ligation. (B) The ulceration of dimpling area caused a few days af-
ter endoscopic band ligation.

A B

feces, blood, and intestinal spasm regardless of preparation or 
medication used when reinserting colonoscopy with an EBL 
device. For these reasons, we believe that the new device can pro-
vide a better field of view, resulting in a reduction in EBL time.  

In consideration of the above, it is necessary to attach the de-
vice into the scope at an appropriate depth that does not cause 
incomplete inversion while maintaining a clear view. In our 
institution, we attached the new device so that the white line on 
the device is aligned with the tip of the endoscope (Fig. 6A, C). 
We believe that this can ensure complete inversion while insert-
ing the endoscope with a clear view; attaching deeper than this 
white line is likely to cause incomplete inversion (Fig. 6B, D).  

The present study did not result in any complications, such as 
perforation after EBL, using either the C-EBL or N-EBL device. 
In an ex vivo study, Barker et al.17 reported that EBL was not 
safe for use in the small intestine and the right colon; howev-
er, it was likely to be safe for use in the left colon because the 
histological evaluation after EBL revealed that the band ligator 
involved the muscularis propria in the small intestine and right 
colon, whereas in the left colon, it involved the submucosa. 
However, most reported cases of perforation after EBL oc-
curred in the sigmoid colon.13,14 In their case reports, the risk of 
diverticular perforation after EBL was considered to be delayed 
wound healing with long-term steroid use and mucosal harden-
ing due to a history of diverticulitis. Conversely, animal studies 
have led to the widespread use of EBL in Japan. Akimaru et al.18 
reported that histopathological examination revealed that the 
mucosal layer and muscularis propria after EBL in a pig colon 
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were replaced with granulation tissue at the ligated sites. More-
over, we reported that perforation after EBL in a pig colon did 
not occur on either the right or left side, despite ligation of the 
muscularis propria.19 These findings suggest that EBL is a safe 
procedure, although further studies on the risk of perforation 
are recommended. 

The present study had several limitations. First, this was a 
retrospective observational study from a single center with a 
relatively small sample size; therefore, unknown confounding 
factors could not be avoided. Second, this study did not evalu-
ate the long-term outcomes, such as late rebleeding or divertic-
ulitis, after 30 days. Despite these limitations, our study is the 
first study to compare N-EBL with C-EBL. 

In conclusion, the treatment of CDB with N-EBL was found 
to be as safe and useful as that with C-EBL. A shorter EBL pro-
cedure time was observed in the N-EBL group. Therefore, the 
N-EBL device may be used as a standard treatment for patients 
with CDB. Further prospective studies with large sample sizes, 
such as randomized controlled trials, are required to confirm 
these results. 
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Background/Aims: Endoscopic submucosal dissection (ESD) for diverticulum-associated colorectal lesions is generally contraindicat-
ed because of the high risk of perforation. Several studies on patients with such lesions treated with ESD have been reported recently. 
However, the feasibility and safety of ESD for lesions in proximity to a colonic diverticulum (D-ESD) have not been fully clarified. The 
aim of this study was to evaluate the feasibility and safety of D-ESD. 
Methods: D-ESD was defined as ESD for lesions within approximately 3 mm of a diverticulum. Twenty-six consecutive patients who 
underwent D-ESD were included. Two strategic approaches were used depending on whether submucosal dissection of the diverticu-
lum-related part was required (strategy B) or not (strategy A). Treatment outcomes and adverse events associated with each strategy 
were analyzed. 
Results: The en bloc resection rate was 96.2%. The R0 and curative resection rates were 76.4% and 70.6% in strategy A and 88.9% and 
77.8% in strategy B, respectively. Two cases of intraoperative perforation and one case of delayed perforation occurred. The delayed perfo-
ration case required emergency surgery, but the other cases were managed conservatively. 
Conclusions: D-ESD may be a feasible treatment option. However, it should be performed in a high-volume center by expert hands 
because it requires highly skilled endoscopic techniques.

Keywords: Colonic diverticulum; Colorectal neoplasms; Endoscopic submucosal dissection; Feasibility; Pocket creation method
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INTRODUCTION 

In recent years, the prevalence of colonic diverticulosis has 
been increasing in both Western and Asian countries.1 Colorec-

tal lesions are occasionally found in proximity to the divertic-
ulum. These are generally considered pseudodiverticula and 
lack a muscular layer. Endoscopic resection (ER) is the first 
treatment of choice for colorectal lesions, with a negligible risk 
of lymph node metastasis. However, ER may be contraindicat-
ed for diverticulum-associated lesions due to the high risk of 
perforation.2 Therefore, surgical resection is often performed 
for such lesions, even if they can be managed via ER. Recently, 
endoscopic submucosal dissection (ESD) has become widely 
used as a promising en bloc resection technique for early stage 
colorectal lesions.3-5 ESD techniques have been improved and 
can be used in the management of lesions considered chal-
lenging for ER due to difficulties related to accessibility, such 
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as those involving the appendiceal orifice and ileocecal valve.6,7 
A previous study reported that treatment strategies based on 
lesion classification are useful for lesions near the appendiceal 
orifice (L-PAO).6 This is similar to cases of lesions associated 
with a colonic diverticulum. Therefore, this strategy for L-PAO 
might be applicable to ESD for lesions in proximity to a colonic 
diverticulum (D-ESD). Although some case reports and few 
studies on ESD for diverticulum-associated colorectal lesions 
have been reported, the feasibility and safety of ESD for lesions 
in proximity to a colonic diverticulum have not been fully clar-
ified.8-15 Thus, the aim of the present study was to evaluate the 
feasibility and safety of D-ESD. 

METHODS 

Patients 
Consecutive lesions in proximity to a colonic diverticulum that 
were treated with ESD were respectively reviewed at two tertia-
ry referral centers in Kobe University Hospital and Kishiwada 
Tokushukai Hospital (Japan), between January 2010 and April 
2020. Lesions located within approximately 3 mm of the di-
verticula were defined as proximity lesions in this study. All 
lesions were evaluated preoperatively for ESD indications using 
conventional endoscopy, followed by magnified chromoendo-
scopic examination. ESD indications were based on the Japan 
Gastroenterological Endoscopy Society (JGES) guidelines for 
colorectal endoscopic submucosal dissection/endoscopic mu-
cosal resection.16 In the present study, the inclusion criteria were 
lesions which had no obvious deep submucosal invasion on 
preoperative endoscopic findings. Patients with other invasive 
cancers, inflammatory bowel disease, or familial adenomatous 
polyposis were excluded. 

ESD procedure 
All ESD procedures were performed under conscious sedation 
using flunitrazepam, dexmedetomidine, and pentazocine. A 
lower gastrointestinal endoscope PCF-260AI, PCF-H290T 
(Olympus Corp., Tokyo, Japan) or EC-L600ZP7 (Fujifilm Med-
ical Corp., Tokyo, Japan) were used as the therapeutic scopes 
and a FlushKnife BT-S with a length of 1.5 mm or 2.0 mm 
(DK2620J-B15S or B20S; FTS, Tokyo, Japan) were used for 
surgical knife. A transparent hood (16675; TOP Corp., Tokyo, 
Japan) was affixed to the tip of the endoscope to achieve good 
visualization and allow stable submucosal dissection. For cases 
in which submucosal layer access was difficult, a short type ST 

hood (DH-28GR; Fujifilm Medical Corp.) and assisting tool, 
such as in the clip-flap method,17 were used to facilitate sub-
mucosal layer endoscopic entry. VIO 300D or VIO 3 (ERBE 
Elektromedizin, Tubingen, Germany) was used as an electrical 
power source. The electrical cautery settings were “endo-cut I 
mode” (effect: 2, duration: 3, interval: 3; and effect: 1, duration: 
2 or 3, interval: 3) for mucosal incision and “forced coagulation 
mode” (effect: 2, 50 W and effect: 6.6) for submucosal dissec-
tion. Sodium hyaluronate (Muco Up 0.4%; Boston Scientific 
Japan Corp., Tokyo, Japan) was used as the injection solution to 
obtain adequate and sustained submucosal lifting. Carbon diox-
ide insufflation was used in all the procedures. In this study, all 
cases were performed by four expert endoscopists (experience 
with colorectal ESD >100 cases). In all cases where the divertic-
ulum was dissected in D-ESD, the resulting muscle layer defect 
was sutured using endoclips after resection. 

Classification according to the association between a lesion 
and a diverticulum 
Lesions were classified into the following types (Fig. 1) based 
on the previous report on L-PAO.6 
•  Type 0: The lesion is within 3 mm of the border of the diver-

ticulum, but a strip of normal mucosa intervenes between the 
diverticulum and the lesion. 

•  Type 1: The lesion reaches the border of the diverticulum but 
does not involve the orifice of the diverticulum. 

•  Type 2: The lesion reaches and partially involves the divertic-
ulum orifice. 

•  Type 3: The lesion completely covers the orifice of the diver-
ticulum. In some cases, the presence of a diverticula cannot be 
recognized preoperatively. 

Basic ESD strategy according to lesion type 
The following ESD strategies, namely, strategies A and B, were 
utilized according to lesion type (Figs. 2, 3). These strategies 
also conform to the ESD strategy for L-PAO. As needed, the 
clip-flap method17 was used to facilitate entry into the submu-
cosal layer, and the traction method, which pulls the lesion up-
ward, was used to facilitate submucosal dissection. 
•  Strategy A: This method did not require submucosal dissec-

tion, including the diverticulum, and was indicated for the 
two types of lesions. One of them was when sufficient space to 
make an incision could be confirmed between the edge of the 
lesion and the orifice of the diverticulum (e.g., type 0, some 
type 1 lesions) (Fig. 2A). In this lesion type, a half circumfer-
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Type 0 Type 1 Type 2 Type 3

Fig. 1. Classification according to the association between a lesion and a diverticulum. (A) Type 0: a lesion within 3 mm of the diverticulum 
border. However, a normal mucosa intervens between the diverticulum and the lesion. (B) Type 1: a lesion reaches the border of the divertic-
ulum but does not involve the orifice of the diverticulum. (C) Type 2: a lesion reaches and partially involves the orifice of the diverticulum. (D) 
Type 3: a lesion completely covers the orifice of the diverticulum. In some cases, the presence of a diverticulum cannot be recognized preop-
eratively.

A B C D

Strategy A (1)

(1)

(2)

(2)

(3)

(3)

Fig. 2. Strategic approach for endoscopic submucosal dissection of lesions in proximity to a colonic diverticulum. Strategy A for type 0 and 
some type 1 and type 3 lesions. (1) A semi-circumferential mucosal incision was made between the lesion and the diverticulum or from the 
anal side of the lesion. (2) Submucosal dissection was performed on the anal side towards the oral side. (3) A circumferential incision and 
submucosal dissection were performed in the remaining parts. Dot circle, diverticulum; red line, mucosal incision; blue arrow, submucosal 
dissection.

A

B
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ential mucosal incision was made between the lesion and the 
diverticulum. Submucosal dissection was then performed on 
the anal side toward the oral side. The remaining submuco-
sal dissection was completed after making a circumferential 
mucosal incision. The other involved some type 3 lesions, 
wherein a sufficient submucosal layer was found between the 
lesion and the diverticulum (Fig. 2B). Strategy A involved a 
procedure similar to that of conventional ESD. 

•  Strategy B: This method required submucosal dissection, in-
cluding the diverticulum (Supplementary Video 1). It was ap-
plied for lesions in which sufficient space to make an incision 
could not be confirmed between the edge of the lesion and the 
orifice of the diverticulum (e.g., type 2, some type 1, and type 3 
lesions) (Fig. 3). The pocket creation method (PCM) was used 
for this strategy because it could provide stable endoscope 
maneuverability and good countertraction.18 First, a semi-cir-
cumferential mucosal incision was made from the anal side, 
and double pockets were made on both sides of the divertic-
ulum. In addition, submucosal dissection around the diver-

ticulum was performed to expose the diverticulum under the 
lesion. Notably, even after the double pockets were completed, 
the mucosa was left on both sides of the lesion. Thus, good 
countertraction could be obtained at the diverticulum. Then, 
submucosal dissection at the diverticulum was performed 
carefully using the tapping technique.19 Finally, the remaining 
mucosal incision was completed. 

Definitions 
En bloc resection was defined as treatment that was not discon-
tinued during the procedure, and the lesion was resected in a 
single piece without fragmentation. R0 resection was defined 
as en bloc resection with histopathologically tumor-free lateral 
and vertical margins. A curative resection was indicated when 
R0 resection was achieved, and there was no submucosal in-
vasion deeper than 1,000 µm from the muscularis mucosae, 
lymphovascular invasion, and poorly differentiated component. 
Among submucosal invasive carcinoma, T1a was defined as tu-
mor invasion less than 1,000 µm from the muscularis mucosae 

Strategy B
(1) (2) (3) (4)

Fig. 3. Strategic approach for endoscopic submucosal dissection of lesions in proximity to a colonic diverticulum. Strategy B for type 2 lesions 
and some type 1 and type 3 lesions. (1) A semi-circumferential mucosal incision was made from the anal side of the lesion. (2) Submucosal 
dissection was performed, and double pockets were made on both sides of the diverticulum towards the oral side. (3) Submucosal dissection 
around the diverticulum was performed maximally to expose the diverticulum under the lesion. Mucosae on both lateral sides were left at 
this time (yellow line). (4) Dissection of the diverticulum was performed carefully using the tapping technique, and the remaining mucosal 
incision was then completed. Dot circle, diverticulum; red line, mucosal incision; blue arrow, submucosal dissection.
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and T1b as tumors that exhibited greater invasion, based on the 
Japanese classification criteria for cancer of the colon and rec-
tum.16 Procedure time was started from the first submucosal in-
jection until completion of the resection. The procedure speed 
was calculated by dividing the area of the resected specimen by 
the procedure time (mm2/min). The approximate area of the 
resected specimen (mm2) was calculated as follows: 3.14 × 0.25 
× long axis diameter (mm) × short axis diameter (mm).20 

Ethical statements 
This study was approved by the Institutional Review Board (IRB 
No: B200312) and conformed to the provisions of the Declara-
tion of Helsinki. Informed consent for study participation was 
obtained using an in-opt-out approach on the study website. 

RESULTS 

Characteristics of the patients and the lesions 
Twenty-six patients with 26 lesions in proximity to a colonic 
diverticulum who underwent ESD were enrolled in the study. 
They consisted of 11 male patients and 15 female patients with 
an age range was 51−89 years old (median age, 70 years). Pa-
tient and lesion characteristics are shown in Table 1. Strategies 
A and B were used for the management of 17 lesions and 9 
lesions, respectively. Most lesions (23/26; 88.4%) were located 
on the right side of the colon in relation to the distribution of 
diverticular development. The median tumor size was 33 mm 
(range, 15−115 mm). Three adenomas, two sessile serrated 
lesions, and 21 cancerous lesions were found. In cancerous le-
sions, 15 cases of intramucosal carcinoma, five cases of T1a, and 
one case of T1b were observed. The median diverticular size in 
all cases was 4 mm (range, 3−10 mm). 

Treatment outcomes and adverse events 
The treatment outcomes and adverse events of the treated le-
sions are summarized in Table 2. In one case in which strategy 
B was applied for type 3 lesions, ESD was discontinued because 
the operator judged that perforation risk was high due to deep 
tumor invasion to the diverticulum. All other patients achieved 
en bloc resection (96.2%). The R0 and curative resection rates 
were 76.4% and 70.6% in strategy A and 88.9% and 77.8% in 
strategy B, respectively. One case of lymphatic invasion was ob-
served for each strategy. The clip-flap method was used in one 
case in strategy A and three cases in strategy B. The traction 
method was used in two cases in strategy A, but not in strategy B. 

The median procedure time of strategies A and B was 69 min-
utes (range, 24−140 minutes) and 100 minutes (range, 42−188 
minutes), respectively. With regard to adverse events, two intra-
operative perforations and one delayed perforation occurred in 
strategy A. In contrast, although no perforation was observed in 
strategy B, two post-ESD electrocoagulation syndrome (PECS) 
were noted. 

The delayed perforation case required emergency surgery, 
but the other cases were managed conservatively. Two patients 
with deep submucosal invasion and lymphatic invasion and one 
patient who discontinued ESD underwent additional surgical 
resection. One patient underwent emergency surgery because 
of delayed perforation. Three patients had a postoperative ob-
servation period of less than one year and missing follow-up 
colonoscopy data. One patient died from another disease. The 
remaining 18 patients had a median follow-up of 24 months 
(range, 11−139 months), with no recurrence observed during 
follow-up. 

DISCUSSION 

The present study showed that ESD has favorable results when 
used in the management of lesions in proximity to a colonic di-
verticulum, which is often considered a contraindication to ER. 
The rates of en bloc and R0 resection were 96.2% and 80.8%, 
respectively. Lesions were classified into four types based on the 
positional relationship between the lesion and the diverticulum. 
In addition, two different strategies were applied based on the 
lesion type according to the previously reported classification 
for L-PAO.6 Type 3 lesions in which the diverticulum com-
pletely covers the lesion includes those that can be addressed 
with strategy A and those that require strategy B. In the present 
study, only those lesions that required submucosal dissection 
with excavation of the diverticulum were strictly distinguished 
as strategy B. Strategy B is expected to be more complicated 
and difficult than strategy A because it requires dissection of 
the diverticulum. Previous reports described ESD for lesions 
involving the diverticulum with a low R0 resection rate (33%).15 
In contrast, all cases in which strategy B was applied for lesions 
involving the diverticulum achieved R0 resection, except for 
one case in which ESD was discontinued during the procedure. 
This difference in results may be due to the use of the PCM 
in strategy B. Yoshida et al.14 reported successful treatment of 
diverticulum-related lesions with ESD using PCM. It provides 
not only scope stability, but also good counter traction.18,21 In 
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Table 1. Characteristics of the patients and lesions
Characteristic All cases (n=26) Strategy A (n=17) Strategy B (n=9)
Age (yr) 70 (51–89) 69 (51–89) 74 (62–89)
Sex
 Male 11 (42.3) 8 (47.1) 3 (33.3)
 Female 15 (57.7) 9 (52.9) 6 (66.7)
Tumor location
 Cecum 8 (30.8) 4 (23.5) 4 (44.4)
 Ascending 15 (57.7) 10 (58.8) 5 (55.6)
 Sigmoid 3 (11.5) 3 (17.6) 0
Resected specimen size (mm) 46 (22–115) 47 (28–115) 43 (22–75)
Tumor size (mm) 33 (15–115) 35 (15–115) 30 (15–65)
Diverticular size (mm) 4 (3–10) 4 (3–6) 4 (4–10)
Morphology
 LST-G 18 (69.2) 10 (58.8) 8 (88.9)
 LST-NG 8 (30.8) 7 (41.2) 1 (11.1)
Tumor depth
 Adenoma/SSL 5 (19.2) 3 (17.6) 2 (22.2)
 Tis 15 (57.7) 10 (58.8) 5 (55.6)
 T1a 5 (19.2) 4 (23.5) 1 (11.1)
 T1b 1 (3.8) 0 1 (11.1)
Histology
 Adenoma 3 (11.5) 1 (6.3) 2 (22.2)
 SSL 2 (7.7) 2 (12.5) 0
 Differentiated adenocarcinoma 21 (80.8) 14 (81.3) 7 (77.8)
Lesion type (0:1:2:3) 4:11:2:9 4:10:0:3 0:1:2:6

Values are presented as median (range) or number (%).
LST-G, laterally spreading tumor-granular; LST-NG, laterally spreading tumor-nongranular; SSL, sessile serrated lesion.

Table 2. Treatment outcomes and adverse events
Variable All cases (n=26) Strategy A (n=17) Strategy B (n=9)
En bloc resection rate 25 (96.2) 17 (100) 8 (88.9)
Horizontal margin negative rate 21 (80.8) 13 (76.4) 8 (88.9)
Vertical margin negative rate 23 (88.5) 15 (88.2) 8 (88.9)
R0 resection rate 21 (80.8) 13 (76.4) 8 (88.9)
Lymphvascular invasion 2 (7.7) 1 (6.3) 1 (11.1)
Curative resection rate 19 (73.1) 12 (70.6) 7 (77.8)
Using traction device 2 (7.7) 2 (11.8) 0
Procedure time (min) 71 (24–188) 69 (24–140) 100 (42–188)
Procedure speed (mm2/min) 25.07±18.07 30.53±19.21 13.47±7.04
Adverse event 5 (19.2) 2 (12.5) 2 (22.2)
 Intraoperative perforation 2 2 0
 Delayed perforation 1 1 0
 PECS 2 0 2

Values are presented as number (%), median (range), or mean±standard deviation.
PECS, post-endoscopic submucosal dissection electrocoagulation syndrome.
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addition, strategy B provided better countertraction by creating 
double pockets on both sides of the diverticulum by leaving the 
mucosa on both sides. Recently, the traction method has been 
useful for ESD of colorectal lesions.22-24 One study and several 
case reports showed successful resection by ESD for lesions 
involving the diverticulum using the traction method.12,22,25 
Traction toward the direction of pulling the lesion out of the di-
verticulum using traction methods is useful for safe dissection 
of the diverticulum. Muramoto et al.25 reported that traction is 
required in half of the lesions involving a diverticulum. In this 
study, the use of PCM in strategy B allowed for adequate expo-
sure of the diverticulum and good countertraction of the diver-
ticulum. As a result, in strategy B, R0 resection was achieved 
without using the traction method in all cases, including type 
3 lesions, except for one case in which treatment was discon-
tinued. The common point between the above report and this 
study is that application of countertraction to the diverticulum 
is necessary when the lesion involves the diverticulum. Select-
ing an appropriate strategy based on the lesion type and using 
the PCM for strategy B may improve the success rate of R0 re-
section in cases of such difficult lesions. As a matter of concern, 
type 3 lesions are often difficult to recognize preoperatively. 
These lesions are resectable with strategy A or require strategy 
B, depending on the extent of diverticulum involvement. If a 
diverticulum below the lesion was found during the procedure 
and was not identified preoperatively, it could be addressed by 
changing from strategy A to strategy B as needed. The diver-
ticulum under the lesion was not recognized preoperatively 
in three cases; therefore, the strategy was changed from A 
to B during the procedure in this study. As a result, all cases 
achieved R0 resection. However, even with this method, com-
plete removal of the lesion from the diverticulum is difficult in 
some cases because of the absence of any space for dissection 
between the lesion and the diverticulum (Supplementary Fig. 1). 
In such cases, if the diverticulum is outside the lesion, mucosal 
resection can be performed in the visible area. However, if the 
diverticulum is inside the lesion, treatment interruption and 
alternative treatment should be considered to avoid perforation. 
Jimenez-Garcia et al.15 reported that lesions involving the diver-
ticulum that resulted in incomplete resection were those with 
a diverticulum larger than 6 mm in size. In contrast, strategy 
B in the present study included a case of diverticulum with a 
maximum diameter of 10 mm, which was also able to achieve 
R0 resection. Therefore, the morphology of the diverticulum 
may be more important than the size of the diverticulum in 

determining whether it is resectable. One of the major potential 
concerns in D-ESD is perforation. In particular, strategy B was 
expected to have a higher risk of perforation than strategy A 
because of a muscle layer defect in the diverticulum area after 
resection. In the present study, two cases of intraoperative per-
foration and one case of delayed perforation occurred in strate-
gy A. In addition, the delayed perforation case was a recurrent 
lesion after ER and was accompanied by severe fibrosis. Pin-
hole perforations occurred in both intraoperative perforation 
cases, which were immediately closed with endoclips. Postop-
eratively, the patient had mild fever and slight abdominal pain. 
However, both cases improved conservatively with fasting and 
antibiotic administration. In the case of delayed perforation, 
abdominal pain appeared on the day after ESD, and computed 
tomography examination showed free air; therefore, emergen-
cy surgery was performed on the same day. In contrast, no case 
of perforation was observed in strategy B. Several case reports 
have demonstrated that lesions involving a diverticulum can 
be treated without serious adverse events by closing the muscle 
layer defect after resection.9,12-14,25 In this study, the muscle lay-
er defects were closed using endoclips for all cases in strategy 
B. No delayed perforation was observed in strategy B, but the 
incidence of PECS was high (2/9, 22.2%). When strategy B is 
performed, distinguishing PECS from delayed perforation is 
necessary; therefore, monitoring patients carefully for fever 
and abdominal symptoms postoperatively is important. Re-
cently, full-thickness resection using an over-the-scope clip 
device (OTSC) has been reported for the treatment of lesions 
arising in a diverticulum.26,27 OTSC is a useful and less invasive 
treatment for lesions involving the diverticula but is limited to 
small tumors. Laparoscopic-assisted colorectal surgery is also a 
treatment option for lesions involving the diverticula. Howev-
er, the results of this study, which involved mostly en bloc and 
R0 resection of D-ESD without severe adverse events, except 
for one case, suggest that ESD might be a less invasive treatment 
option for lesions that are close to a colonic diverticulum with-
out evidence of deep invasion on preoperative examination. 

This study has several limitations. First, it was a retrospective 
study with a small number of lesions. Second, all procedures 
were performed by skilled and experienced endoscopists. 
Colorectal ESD is technically more difficult than gastric or 
esophageal ESD because of poor endoscopic maneuverability 
and complications due to the anatomically thin wall. Further-
more, D-ESD, particularly strategy B, requires more precise 
and stable endoscopic manipulation. Therefore, the results of 
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this study are not generalizable. Further investigation, includ-
ing endoscopists with varying skill levels and a larger number 
of lesions, is warranted to elucidate the feasibility and safety of 
D-ESD. Third, most of the lesions in this study were located in 
the right-sided colon, and there were no sigmoid colon cases in 
strategy B. Asians, including Japanese, tended to have more co-
lonic diverticula on the right side of the colon than Westerners 
who have more on the left side of the colon.28 This may be one 
of the reasons for the small number of lesions in the sigmoid 
colon in this study. The sigmoid colon is more tortuous and 
has a narrower lumen than the right-sided colon, which results 
in poor maneuverability of the endoscope. Therefore, ESD for 
lesions of the sigmoid colon may be difficult. Although curative 
resection was achieved in three lesions of the sigmoid colon 
resected with strategy A in this study, further investigation 
is needed to clarify whether strategy B is feasible for lesions 
of the sigmoid colon. Fourth, the follow-up period was short 
(24 months); therefore, a longer follow-up period is needed to 
elucidate the risk of recurrence. However, few comprehensive 
studies on ESD have been conducted for lesions associated 
with diverticula. Therefore, the results of this study support the 
benefits of D-ESD without increasing adverse events. Catego-
rizing strategies according to lesion type may help endoscopists 
in selecting a more standardized strategic approach in strate-
gy-planned D-ESD. 

In conclusion, ESD for lesions in proximity to a colonic diver-
ticulum by an expert endoscopist may be a feasible treatment 
option. However, it should be performed in a high-volume 
center because it is a highly technical procedure that requires 
extremely precise endoscopic manipulation. 

Supplementary Material 

Supplementary Fig. 1. A case in which the lesion could not be 
completely excavated from the diverticulum.

Supplementary Video 1. Endoscopic submucosal dissection for 
a lesion in proximity to a colonic diverticulum using strategy B 
(https://doi.org/10.5946/ce.2021.245.v001). 

Supplementary materials related to this article can be found 
online at https://doi.org/10.5946/ce.2021.245. 
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Background/Aims: Cholangiogram interpretation is not used as a key performance indicator (KPI) of endoscopic retrograde cholan-
giopancreatography (ERCP) training, and national societies recommend different minimum numbers per annum to maintain compe-
tence. This study aimed to determine the relationship between correct ERCP cholangiogram interpretation and experience. 
Methods: One hundred fifty ERCPists were surveyed to appropriately interpret ERCP cholangiographic findings. There were three 
groups of 50 participants each: “Trainees,” “Consultants group 1” (performed >75 ERCPs per year), and “Consultants group 2” (per-
formed >100 ERCPs per year). 
Results: Trainees was inferior to Consultants groups 1 and 2 in identifying all findings except choledocholithiasis outside the intrahe-
patic duct on the initial or completion/occlusion cholangiogram. Consultants group 1 was inferior to Consultants group 2 in identify-
ing Strasberg type A bile leaks (odds ratio [OR], 0.86; 95% confidence interval [CI], 0.77−0.96), Strasberg type B (OR, 0.84; 95% CI, 
0.74−0.95), and Bismuth type 2 hilar strictures (OR, 0.81; 95% CI, 0.69−0.95). 
Conclusions: This investigation supports the notion that cholangiogram interpretation improves with increased annual ERCP case 
volumes. Thus, a higher annual volume of procedures performed may improve the ability to correctly interpret particularly difficult 
findings. Cholangiogram interpretation, in addition to bile duct cannulation, could be considered as another KPI of ERCP training.

Keywords: Cholangiograms; Endoscopic retrograde cholangiopancreatography; Key performance indicators; Training  
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Open Access

is a technically challenging gastrointestinal procedure. How-
ever, ERCP has become more a therapeutic than diagnostic 
procedure.1,2 The type of intervention required often depends 
on interpretations of the cholangiograms. Training in ERCP 
is difficult to obtain during the standard fellowship timeline, 
which has led to an increase in advanced endoscopy fellowship 
programs.3 

The shift in ERCP training has led to the development of 
guidelines that define competency for this procedure.4-7 The 
American Society of Gastrointestinal Endoscopy (ASGE) rec-
ommends 200 ERCPs per trainee, with selective cannulation 
rates of the common bile duct >80%−90% in a native papilla as 

INTRODUCTION 

Endoscopic retrograde cholangiopancreatography (ERCP) 

    This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.
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a surrogate marker of trainee competence.8 Alternatively, the 
British Society of Gastroenterology (BSG) recommends suc-
cessful cannulation of the target duct, common bile duct (CBD) 
stone clearance, and stent/cytology of extrahepatic strictures as 
key performance indicators (KPIs) and a minimum of 75 pro-
cedures per year to maintain competence, although one should 
aspire to complete more than 100.9 Table 1 describes the sim-
ilarities and differences in the achievement and maintenance 
guidelines of competence stated by the ASGE, BSG, and Euro-
pean Society for Gastrointestinal Endoscopy (ESGE).9-11 

After successful cannulation, visualization of the biliary tree 
and interpretation of the images is a crucial step in ERCP. There 
is a paucity of data regarding this aspect of the procedure. 
Moreover, whether this skill develops with increased case vol-
umes has not previously been described. The primary aim of 
this study was to determine whether variation in the case vol-
ume of ERCPs per year correlated with the ability to correctly 
interpret cholangiograms. 

METHODS 

Thirteen cholangiograms performed by experienced ERCP 
endoscopists were independently reported and verified by a 
consultant hepatopancreatobiliary (HPB) radiologist. The chol-
angiograms were presented as static images and classified based 
on findings as follows: Strasberg type A bile leak (n=1), Stras-
berg type B (n=1), Bismuth type 1 hilar stricture (n=2), Bismuth 
type 2 hilar stricture (n=1), distal CBD stricture (n=1), initial 
cholangiogram (IC) of choledocholithiasis with large stones, 
i.e., >10 mm (n=1), completion/occlusion cholangiogram (CC) 
after removal of a large stone (n=1), IC of choledocholithiasis 
with small stones, i.e., <10 mm (n=1), CC after removal of a 
small stone (n=1), IC of choledocholithiasis with intrahepatic 
duct calculus (n=1), CC of choledocholithiasis with intrahepatic 
duct calculus (n=1), and a normal cholangiogram with a mildly 
dilated CBD (n=1). These images are presented in Figure 1. The 
administered survey was included as Supplementary Figure 1. 

Images were digitalized, anonymized, and electronically dis-
tributed to more than 200 gastroenterologists throughout the 
world to limit single institution bias between June 2019 and 
March 2020. The survey participants were gastroenterologists 
acknowledged by the study authors and small HPB units to 
avoid bias. Surgeons and radiologists who performed the ERCPs 
were excluded from the study. Fifty respondents would allow 
for satisfactory power and appropriate statistical analysis based 

on a previous survey study of correct interpretation by surgi-
cal trainees of intraoperative cholangiograms in laparoscopic 
cholecystectomy.12 The first 50 respondents who completed the  
questionnaire from each category were included in data analysis. 

The open-ended questionnaire asked participants to correctly 
identify each cholangiographic finding through a single static 
image. The questionnaire was sent as a Word document con-
taining a table of 13 images with limited clinical information 
and a blank space next to each for an interpretation. For the rel-
evant images, the questionnaire clearly stated whether the im-
age was an IC or a CC performed at the end of the procedure. 
Participants were asked to interpret each cholangiogram. The 
findings were compared with the consultant radiologist’s report 
and identified as correct or incorrect. 

Participants were also asked to state their status as either 
trainee or independent and report the number of ERCPs they 
performed per annum. Participants were grouped into three 
categories: “Trainees” who had performed more than 150 ER-
CPs independently or with minimal assistance; “Consultants 
group 1,” between 75 and 100 ERCPs per year; and “Consultants 
group 2,” more than 100 ERCPs per year. 

Statistical analysis was performed using IBM SPSS ver. 27.0 
(IBM Corp., Armonk, NY, USA) with member checking. Fisher 
exact test was used to identify statistically significant differences 
between the various groups. Statistical significance was set at 
p<0.05. Mantel-Haenszel odds ratios (ORs) and 95% confidence 
intervals (CIs) were also calculated. 

Ethical statements
This international survey was regarded as an educational proj-
ect, and approval from the Ethics or Health Research Authority 
was not required. 

RESULTS 

There were 50 members in each group (Trainees, Consultants 
group 1, and Consultants group 2). The survey results indi-
cating the correct identification of the lesion are described in  
Table 2. Mantel-Haenszel ORs, 95% CIs, and p-values are re-
ported in Table 3. 

Trainees were noninferior to consultants regarding stone 
identification. This included IC choledocholithiasis with large 
stones (p=0.056), CC choledocholithiasis with large stones 
(p=0.117), and CC choledocholithiasis with small stones 
(p=0.056). 
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Table 1. Key performance indicators adapted from the ASGE, BSG and ESGE
KPI category ASGE recommendation BSG recommendation ESGE recommendation
Preprocedure
Understanding of indications 

and risks for ERCP
• >90% frequency that ERCP is done 

for published indication
• Attachment to at least 1 ERCP unit 

during training
• Adequate antibiotic 

prophylaxis before ERCP 
(>90%)• HPB “orientation” program for inter-

ested trainees
Understanding of periprocedur-

al care
• >98% frequency that appropriate 

and adequate informed consent is 
achieved

• Participation in multidisciplinary 
team at hospital and regular meet-
ings

• Not commented on

• >98% frequency that appropriate anti-
biotics administered if indicated

Volume and training • >98% frequency that ERCP is per-
formed by fully trained and creden-
tialed endoscopist

• 75–100 ERCPs per year • Not commented on

• ERCP volume per year is recorded by 
endoscopist

Intraprocedure
Deep cannulation success rate • >90%–98% success in native papillae 

without surgically altered anatomy
• >85%–90% successful cannulation in 

1st ERCP
• Bile duct cannulation rate 

(>90%)
Stone clearance • >90% success in CBD stone <1 cm in 

normal anatomy
• >75%–80% success • Clearance of CBD stones 

(>90%)
Stent placement for biliary 

obstruction or extrahepatic 
stricture

• >90% success in normal anatomy and 
in those whose obstruction is below 
the bifurcation

• >80%–85% stent sited and cytology 
or histology taken when appropriate

• Stent placement in case of 
biliary obstruction (>90%)

Postprocedure
Communication • >98% reporting of specific tech-

niques, particular accessories used, 
all intended outcomes, reporting of 
acute adverse events, and contacting 
patients within 14 days for results of 
findings

• Participation in multidisciplinary 
team at hospital and regular meet-
ings

• Not commented on

Complications • Not applicable: rate of post-ERCP 
pancreatitis (noted as priority indica-
tor, but dependent on type of ERCP 
performed)

• <6% complication rate for “level 1” 
procedures

• Safety of ERCP (PEP rate 
<10%)

• <0.2% rate of perforation
• <1% rate of clinically significant 

hemorrhage after sphincterotomy or 
sphincteroplasty

Training programs • Not commented on • Participation in 300–400 ERCP pro-
cedures prior to consultant appoint-
ment 

• Not commented on

• Minimum 2 qualified trainers per 
center both of whom participate in 
feedback with trainees

• Weekly multidisciplinary meeting 
covering benign and malignant  
diseases

• Participation in multidisciplinary 
meetings, hepatobiliary clinics, pre-/
post-procedure care

• Colleagues mentor newly appointed 
consultants for first 2 years and are 
available to assist in difficult cases

ASGE, American Society of Gastrointestinal Endoscopy; BSG, British Society of Gastroenterology; ESGE, European Society for Gastrointestinal Endos-
copy; ERCP, endoscopic retrograde cholangiopancreatography; HPB, hepatopancreatobiliary; CBD, common bile duct; PEP, post-ERCP pancreatitis.
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Fig. 1. Cholangiogram images sent in survey. Images were sent in the open-ended questionnaire. (A) Bile leak 1 (Strasberg type A). (B) Bile 
leak 2 (Strasberg type B). (C) Hilar stricture 1 (Bismuth type 1). (D) Hilar stricture 2 (Bismuth type 1). (E) Hilar stricture 3 (Bismuth type 2). 
(F) Distal CBD stricture. (G) Choledocholithiasis 1 (IC; stone size >10 mm). (H) Choledocholithiasis 1 (CC; stone size >10 mm). (I) Choled-
ocholithiasis 2 (IC; stone size <10 mm). (J) Choledocholithiasis 2 (CC; stone size <10 mm). (K) Choledocholithiasis 3 (IC; IHD calculus). (L) 
Choledocholithiasis 3 (CC; IHD stone). (M) Normal (mildly dilated CBD). CBD, common bile duct; IC, initial cholangiogram; CC, comple-
tion/occlusion cholangiogram; IHD, intrahepatic duct.
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Table 2. Accurate interpretation of ERCP cholangiograms: survey results

Cholangiogram Trainees (n=50) 
(number correct) 

Consultants group 1 (n=50)
(number correct) 

Consultants group 2 (n=50)
(number correct) 

Bile leak 1 (Strasberg type A) 37 43 50
Bile leak 2 (Strasberg type B) 31 42 50
Hilar stricture 1 (Bismuth type 1) 30 46 50
Hilar stricture 2 (Bismuth type 1) 27 44 49
Hilar stricture 3 (Bismuth type 2) 25 39 48
Distal CBD stricture 34 49 49
Choledocholithiasis 1 (IC; stone size >10 mm) 45 50 50
Choledocholithiasis 1 (CC; stone size >10 mm) 46 50 50
Choledocholithiasis 2 (IC; stone size <10 mm) 44 46 50
Choledocholithiasis 2 (CC; stone size <10 mm) 45 45 50
Choledocholithiasis 3 (IC; IHD calculus) 29 43 45
Choledocholithiasis 3 (CC; IHD stone) 30 42 47
Normal (mildly dilated CBD) 41 45 50

Accurate identification of pathology on ERCP cholangiograms by trainees, graduates, and consultants. 
ERCP, endoscopic retrograde cholangiopancreatography; CBD, common bile duct; IC, initial cholangiogram; CC, completion/occlusion cholangiogram; 
IHD, intrahepatic duct.
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Table 3. Interpretation of ERCP cholangiograms according to the ERCP case volume

Cholangiogram
Trainees vs. Consultants  

group 1
Trainees vs. Consultants  

group 2
Consultants group 1 vs.  

Consultants group 2
p-value OR a) (95% CI) p-value OR a) (95% CI) p-value OR a) (95% CI)

Bile leak 1 (Strasberg type A) 0.211 <0.001 0.740 (0.628–0.872) 0.012 0.860 (0.769–0.962)
Bile leak 2 (Strasberg type B) 0.023 0.738 (0.576–0.946) <0.001 0.620 (.499–0.770) 0.006 0.840 (0.744–0.948)
Hilar stricture 1 (Bismuth type 1) <0.001 0.652 (0.513–0.830) <0.001 0.600 (0.478–0.752) 0.117
Hilar stricture 2 (Bismuth type 1) <0.001 0.614 (0.466–0.808) <0.001 0.551 (0.425–0.714) 0.112
Hilar stricture 3 (Bismuth type 2) 0.006 0.641 (0.468–0.877) <0.001 0.521 (0.392–0.691) 0.015 0.813 (0.694–0.951)
Distal CBD stricture <0.001 0.694 (0.571–0.843) <0.001 0.694 (0.571–0.843) 1
Choledocholithiasis 1 (IC; stone size >10 mm) 0.056 0.056 1
Choledocholithiasis 1 (CC; stone size >10 mm) 0.117 0.117 1
Choledocholithiasis 2 (IC; stone size <10 mm) 0.741 0.027 0.88 (0.794–0.975) 0.117
Choledocholithiasis 2 (CC; stone size <10 mm) 1 0.056 0.056
Choledocholithiasis 3 (IC; IHD calculus) 0.003 0.674 (0.519–0.876) <0.001 0.644 (0.500–0.830) 0.760
Choledocholithiasis 3 (CC; IHD stone) 0.013 0.714 (0.553–0.923) <0.001 0.638 (0.504–0.809) 0.200
Normal (mildly dilated CBD) 0.388 0.003 0.820 (0.720–0.934) 0.056
ERCP, endoscopic retrograde cholangiopancreatography; OR, odds ratio; CI, confidence interval; CBD, common bile duct; IC, initial cholangiogram; CC, 
completion/occlusion cholangiogram; IHD, intrahepatic duct.
a)Mantel-Haenszel odds ratio.

Trainees were inferior to consultants in identifying partic-
ularly complex findings, including Strasberg type B (p=0.023, 
OR 0.738, 95% CI 0.576−0.946), all hilar strictures (Bismuth 
type 1: p<0.001, OR 0.65, 95% CI 0.51−0.83; a second Bismuth 
type 1 stricture: p<0.001, OR 0.61, 95% CI 0.47−0.81; and Bis-
muth type 2: p=0.006, OR 0.64, 95% CI 0.47−0.88), and distal 
CBD strictures (p<0.001, OR 0.69, 95% CI 0.57−0.84). Train-
ees were also inferior to consultants in identifying IC and CC 
images of choledocholithiasis with intrahepatic duct calculus 
(p=0.003, OR 0.67, 95% CI 0.52−0.88; p=0.013, OR 0.71, 95% 
CI 0.55−0.92, respectively). 

Consultants group 1 was inferior to Consultants group 2 
regarding several important findings, including the images of 
Strasberg type A bile leak (p=0.012, OR 0.86, 95% CI 0.77−0.96) 
and Strasberg type B (p=0.006, OR 0.84, 95% CI 0.74−0.95). 
Consultants group 1 was also less likely than Consultants group 
2 to correctly identify Bismuth type 2 hilar strictures (p=0.015, 
OR 0.81, 95% CI 0.69−0.95). 

DISCUSSION 

Although it is perhaps not surprising that trainees demonstrated 
less diagnostic ability than independently practicing consultants, 
it reinforces the importance of cholangiogram interpretation as 
a key aspect of ERCP learning, which should be assessed. 

Regarding the less complex findings (IC of choledocholi-
thiasis with large stones >10 mm and CC with small stones 

<10 mm), there were no differences between consultants and 
trainees. Consultants were superior to trainees in identifying 
particularly complex findings such as Strasberg type B, Bis-
muth type 1 and 2 hilar strictures, distal CBD strictures, and 
IC and CC intrahepatic duct calculi. Most interesting was the 
finding that low volume, independent operators fared worse 
than did high volume operators in identifying significant 
pathology despite being “trained.” Increased annual case vol-
ume correlated with an increased ability to correctly identify 
Strasberg type A and B bile injuries and Bismuth type 2 hilar 
strictures. 

The relative difficulty of ERCP procedures may vary depend-
ing on patient characteristics, biliary anatomy, procedural 
indication, and intervention.7,13 According to one grading 
system, ERCP procedures for small-to-medium sized biliary 
stones are less difficult to identify than extrahepatic stric-
tures.7,14 This is congruent with the findings of the present 
study. Consultants were no better than trainees in identifying 
most of the stones. But for the majority of other findings, con-
sultants were consistently able to identify more lesion types 
than trainees were. Those who completed more than 100 
procedures per year outperformed those who did not. These 
findings impugn what determines acceptable competence in 
comparison to achievable standards. 

This study found that consultants in Consultants group 1 
were inferior to those in Consultants group 2 in identifying 
Strasberg type A and B bile injuries and Bismuth type 2 hilar 
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strictures. ERCP is an established minimally invasive manage-
ment option for biliary leaks.15 Subsequently, low-grade Bis-
muth lesions are increasingly under the purview of advanced 
endoscopists rather than surgeons due to a decreased early 
complication rate, especially considering surgery in the early 
postoperative phase is associated with an 80% complication 
rate.16,17 However, serious adverse events are more likely when 
therapeutic procedures are performed than when imaging is 
used alone during ERCP (5%−10% vs. 1%−3%, respective-
ly).18-20 ERCP is associated with recognized risks, including pan-
creatitis, infection, bleeding, perforation, and anesthesia-related 
complications.21 In addition to these procedure-related com-
plications, studies have shown that complications such as over-
looking common duct stones and delaying correct diagnosis 
may arise from failure to correctly interpret ERCP images.22,23 
Indeed, this does appear to be a concern for ERCP trainees; a 
recent survey study reported that only 26% of trainees received 
formal training and 97% expressed a desire for further training.24 
Therefore, maximizing operator cholangiogram interpretation is 
imperative to maximize the therapeutic efficacy of ERCP. 

A recent systematic review investigated ERCP training and 
attempted to define what outcomes were being measured or 
overlooked.6 Current literature identifies cannulation rate 
of a native papilla as the most appropriate measure of ERCP 
training. However, there was wide variation in other outcomes 
measured by such studies (for example, the proportion of 
procedures completed without assistance or successful com-
pletion of the therapeutic maneuver). The authors suggested 
that future studies include six additional independent variables 
to the reporting standards for ERCP training: previous trainee 
experience in ERCP, time and method allowed for cannulation 
attempts, role of supervisor intervention, selective cannulation 
rate for CBD in native papilla cases, competence threshold and 
assessment, and procedure-related complication rate. The au-
thors, although advocating a broader approach to ERCP train-
ing, did not mention cholangiogram interpretation as a requi-
site skill. However, a recent multicenter cohort study included 
cholangiography skills as 3 of 18 skills for ERCP.4 Failure to 
correctly interpret intraprocedural cholangiograms may lead to 
incorrect treatment decisions and deleterious patient outcomes. 
Therefore, this skill should be included in ERCP training and 
tested in future studies that will be investigating the learning of 
advanced endoscopists. 

This study has several limitations. First, the participants were 
presented with static images without complete clinical context. 

Dynamic images, such as those viewed when performing the 
procedure, may offer additional diagnostic information. This 
may be especially true for clinical scenarios such as bile leaks. 
Additionally, the clinical context (such as brief clinical histories) 
may impact the pretest probability of a participant’s answer, aid-
ing in ascertaining the correct lesion. However, these limiting 
factors were applicable to all three groups, thus all the partici-
pants would have experienced these disadvantages. Neverthe-
less, consultants with higher per annum volumes outperformed 
trainees, indicating that even without the entire clinical picture, 
they were able to outperform their lesser-experienced counter-
parts. Second, it may have been ideal to test various images of 
the same condition rather than just one. This could have tested 
interrater reliability. Third, the survey was open-ended rather 
than multiple choice; the authors felt that this more accurately 
represented real clinical circumstances. Varied responses could 
have introduced subjectivity of the graders, but this was not 
found to be the case. For example, participants either correctly 
identified a bile leak or did not. Fourth, the increase in the fam-
ilywise error rate across the reported statistical analyses was not 
controlled, which could have increased the chances of a type 1 
error. Overall, we consider this research to be relatively prelim-
inary and encourage replication. Furthermore, there appears 
to be discussions in the literature on whether the Bonferroni 
correction to address this increased possibility of a type 1 error 
is necessary because it may increase the chances of type 2 er-
rors.25,26 Fifth, participants were separated into three categories 
based on their ERCP trainee status and number of cases per 
year. These cutoff values were decided upon based on the cur-
rent European guidelines, as indicated. Arguably, these are ar-
bitrary numbers and a different approach, such as considering 
learning curves, years of experience, or previous accreditation/
training through a fellowship program, may have been prefer-
able to categorize the participants. Furthermore, although the 
nomenclature of Trainees, Consultants group 1, and Consul-
tants group 2 was applied, the duration post-fellowship or prior 
training experience was not implied. Demographics other than 
the number of ERCPs performed per year were not collected 
from the participants, and this may have influenced the results. 
A future study could investigate how correct lesion identifica-
tion improves over time with increased ERCP performance by 
following up with participants. This was, however, beyond the 
scope of the present study. 

This is the first study to investigate correct cholangiogram in-
terpretation in relation to ERCP case volume. The findings of this 
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study provide support for the minimum number of ERCP cases 
required per year per physician, as suggested by the BSG. The 
results also provide objective evidence for an improved ability to 
diagnose pathology with increased ERCP performance per year. 
Our findings are consistent with guidelines from American and 
European gastroenterology groups. In addition, this survey inves-
tigated the ability to correctly identify several clinically important 
lesions rather than solely assessing a single pathological finding. 

The findings of this study may help influence ERCP training 
and the monitoring of practice quality. The KPI categories and 
recommendations from different governing societies are pre-
sented in Table 1. Success rates of >90% were deemed as KPIs 
for understanding indications for ERCP, deep cannulation, 
stone clearance, and stent placement. This score was the highest 
achieved in Consultants group 2. Therefore, >90% correct iden-
tification of intraprocedural cholangiogram interpretation may 
be an additional KPI that should be used during advanced en-
doscopy training. Although successful cannulation is currently 
the target marker, the authors argue that this is just the first step 
in a successful ERCP, and understanding the cholangiogram af-
terwards is just as important. The percent correct scores found 
here under the trainees versus consultants in category 1 may 
help guide in-training exams for fellowship programs to this 
effect. These scores may provide objective benchmarks for suc-
cess, especially in identifying different structural lesions, rather 
than measuring overall subjective progression. Future studies 
could assess cholangiogram interpretation of trainees during 
different stages in fellowship programs to ascertain the learning 
curves and identify barriers to progression and teaching. This is 
important because trainees are prone to incurring ERCP com-
plications.27,28 They could also further investigate how different 
demographic factors may influence cholangiogram interpreta-
tion, such as years of experience versus per annum case volume. 
Overall, the authors advocate that the BSG KPI minimum of 75 
ERCPs per year be increased to 100 ERCPs per year (the BSG 
“aspirational” goal). Those practitioners who increase their case 
volume seem to have an improved ability to recognize particu-
larly complex lesions, specifically the type of lesions (Bismuth 
bile leaks and hilar strictures) increasingly becoming the pur-
view of endoscopists rather than surgeons. 

In conclusion, this study demonstrates that operators with 
higher case volumes perform better at cholangiogram inter-
pretation than those with lower case volumes. Because correct 
intraprocedural cholangiogram interpretation is imperative for 
improving ERCP efficacy, it may be included as a KPI of ERCP 

training and appraisal alongside cannulation and other KPIs. 
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complication in patients with pancreatic carcinoma. Endo-
scopic stent placement is the treatment of choice for palliation 
of MDBO.1-4 Several types of stents, including plastic stents, 
uncovered self-expandable metallic stents (SEMSs), and cov-
ered SEMSs (CMSs), are available for use in clinical practice. It 
should be noted that the usefulness of SEMSs has been widely 
reported since the 1980s.5 In particular, in patients with unre-
sectable malignant biliary obstruction, SEMSs are considered 
to have better patency, larger diameters, and are more cost-ef-
fective than plastic stents.6-10 However, conventional uncov-
ered SEMSs (UMSs) are prone to occlusion, mainly by tumor 
ingrowth through the mesh. To overcome this issue, CMSs, in 
which the stent mesh is covered with a thin membrane, have 
been developed. In some randomized controlled trials, CMSs 

Background/Aims: Covered self-expandable metallic stents (CMSs) are widely used for malignant distal biliary obstructions (MDBOs) 
caused by pancreatic carcinoma. This study compared the efficacy and safety of the laser-cut-type and braided-type CMSs. 
Methods: To palliate MDBOs caused by pancreatic carcinoma, the laser-cut-type CMSs was used from April 2014 to March 2017, and 
the braided-type CMSs was used from April 2017 to March 2019. The tested self-expandable metallic stents were equipped with differ-
ent anti-migration systems. 
Results: In total, 47 patients received CMSs for MDBOs (24 laser-cut type, 23 braided-type). The time to recurrent biliary obstruction 
(TRBO) was significantly longer in the braided-type CMSs (p=0.0008), and the median time to stent dysfunction or patient death was 
141 and 265 days in the laser-cut-type CMSs and braided-type CMSs, respectively (p=0.0023). Stent migration was the major cause of 
stent dysfunction in both groups, which occurred in 37.5% of the laser-cut-type CMSs and 13.0% of the braided-type CMSs. There 
were no differences in the survival duration between the groups. 
Conclusions: The TRBO was significantly longer for the braided-type CMSs with an anti-migration system than for the laser-cut-type. 
Stent migration tended to be less frequent with the braided-type CMSs than with the laser-cut-type CMSs.
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INTRODUCTION 
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have been reported to be more useful than UMSs in terms of 
longer patency;11,12 however, on the other hand, CMSs are asso-
ciated with specific complications, such as sludge formation13-15 
and stent migration.16-21 In particular, migration is an important 
issue because CMSs are not embedded in the bile duct. Conio 
et al.20 reported that CMSs had worse patency than UMSs; 
therefore, it remains controversial whether UMSs or CMSs 
are more useful.17,19,21-24 Recently, several types of CMSs with 
anti-migration systems have been developed to prevent stent 
migration.25-28 

There are two types of CMSs: laser-cut-type and braid-
ed-type. Differences in the manufacturing process may affect 
mechanical properties, such as the axial force (AF), which is 
a straightening force, or the radial force (RF), which is an ex-
panding force.29 It is unclear how the mechanical differences in 
CMSs affect stent patency and the incidence of adverse events 
(AEs), as well as the superiority of the CMSs type. 

To the best of our knowledge, there have been no direct com-
parisons of the laser-cut-type CMSs and braided-type CMSs 
reported in the literature. This study aimed to assess differences 
in stent patency and safety between the laser-cut-type CMSs 
and braided-type CMSs. Considering that the critical problem 
of CMSs is stent migration, we decided to conduct the study 
using CMSs equipped with anti-migration systems. 

METHODS 

Figure 1 shows the patient flowchart of this study. Fifty-one 

patients underwent initial SEMS placement for MDBO caused 
by pancreatic carcinoma between April 2014 and March 2019 
at our institution. The diagnosis of MDBO was made based 
on pathological and/or radiological findings and/or clinical 
courses. Data before stent insertion were also analyzed, includ-
ing patient age, sex, the World Health Organization (WHO) 
performance status, tumor size, presence of distant metastasis 
or duodenal invasion, length of biliary stricture, total bilirubin, 
and the presence of prior plastic stent drainage or endoscopic 
nasobiliary drainage. 

We performed endoscopic biliary stenting using laser-cut-
type CMSs (ZEOSTENT covered; Zeon Medical, Tokyo, Japan) 
from April 2014 to March 2017. The total number of SEMSs 
placements for MDBO caused by pancreatic carcinoma in these 
3 years was 24. All 24 patients with ZEOSTENT CMSs place-
ments were assigned to the laser-cut group. We used the braid-
ed-type CMSs (WallFlex Biliary RX Partially Covered Stent 
System; Boston Scientific, Marlborough, MA, USA) from April 
2017 to March 2019. The total number of SEMSs placements 
for MDBO caused by pancreatic carcinoma in these 2 years was 
27. Of these, three patients who underwent the laser-cut-type 
CMS placement because of technical difficulties when placing 
the braided-type CMSs were excluded from the study. Another 
patient who received an uncovered SEMS because of pancre-
atitis on the previous endoscopic retrograde cholangiopancrea-
tography (ERCP) with a plastic stent was also excluded. The 
remaining 23 patients with a partially covered WallFlex stent 
were included in the braided group. Finally, 47 patients (la-

Total number of initial SEMS placement for MDBO due to pancreatic carcinoma
from Apr 2014 to Mar 2019 (n=51)

From Apr 2014 to Mar 2017
(n=24)

From Apr 2017 to Mar 2019
(n=27)

3 Laser-cut-type CMS
1 UMS

24 Laser-cut-type group
(ZEOSTENT covered) 

23 Braided-type group 
(partially covered Wall�ex) 

Fig. 1. Patient flowchart of the study. SEMS, self-expandable metallic stent; MDBO, malignant distal biliary obstruction; CMS, covered 
self-expandable metallic stent; UMS, uncovered self-expandable metallic stent.
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ser-cut group, n=24; braided group, n=23) were enrolled in the 
retrospective cohort. 

Procedure 
All procedures were performed using a standard therapeutic 
duodenoscope (JF260V/TJF260V; Olympus Optical, Tokyo, 
Japan) under fluoroscopic guidance. After selective bile duct 
cannulation, cholangiography was performed, and the bile duct 
stricture length was measured. A CMS was placed at the biliary 
stricture during the ERCP. Endoscopic sphincterotomy (ES) 
was performed at the discretion of the endoscopist. The diame-
ter of the stent was 8 mm or 10 mm, and the length of the stent 
was 60 mm, 70 mm, or 80 mm. Stents with a length of 70 mm 
were not available in the braided-type CMSs. The length and 
diameter of the stents were determined according to the length 
of the biliary stricture or the diameter of the bile duct. 

The distal end of the CMSs was positioned below the papilla 
in all patients. In this study, none of the patients received rectal 
indomethacin during the periprocedural period. 

Endpoints and definitions 
The primary endpoint of our study was time to recurrent bili-
ary obstruction (TRBO) for the laser-cut-type CMSs and braid-
ed-type CMSs for palliation of patients with MDBO caused by 
pancreatic carcinoma. Secondary endpoints were early and late 
AE rates, patient overall survival (OS) duration, and causes of 
stent dysfunction. 

All the terms used in this study were those used in the 
TOKYO criteria 2014 for transpapillary biliary stenting.30 Re-
current biliary obstruction (RBO) was defined as the point at 
which clinical features associated with occlusion or migration 
were observed. TRBO was defined as the period between initial 
metallic stent placement and RBO, and the OS duration was 
defined as the time between initial metallic stent placement and 
death or the last follow-up. AE other than RBO were also de-
fined according to the TOKYO criteria 2014.30 

AEs were classified as early AEs when they occurred within 
14 days of the procedure and as late AEs when they occurred af-
ter 14 days of the procedure. AE severity was graded according to 
the American Society of Gastrointestinal Endoscopy lexicon.31 

Assessment of the change in tumor burden due to chemo-
therapy was based on the Revised Response Evaluation Crite-
ria in Solid Tumors guidelines (version 1.1).32 Tumor burden 
was determined using computed tomography scanning 2−3 
months after CMS placement. Patients who died within 2 

months of stent placement were considered to have progressive 
disease. 

Statistical analysis 
The chi-squared test or Fisher exact test was used to compare 
categorical variables, and the t-test or Mann-Whitney U-test 
was used to compare continuous variables. Statistical signifi-
cance was set at p<0.05. TRBO and OS were estimated using 
the Kaplan-Meier method and were compared between the 
laser-cut and braided groups using the log-rank test. The TRBO 
and OS for patients who had not experienced RBO or death 
were censored at the end of each patient’s follow-up point. All 
statistical analyses were performed using the EZR ver. 1.41 
(Saitama Medical Center, Jichi Medical University, Saitama, Ja-
pan), which is a graphical user interface for R ver. 4.0.3 (The R 
Foundation for Statistical Computing, Vienna, Austria).33 

Ethical statements
This study was approved by the Institutional Review Board of 
Nara Medical University Hospital (IRB No: 2267).

RESULTS 

Patient characteristics 
A total of 47 patients (24 in the laser-cut group and 23 in the 
braided group) were included in this study. The baseline char-
acteristics are presented in Table 1. Other than age, there were 
no significant differences in the other patient demographics, 
including sex, the WHO performance status, tumor size, the 
presence of distant metastasis or duodenal invasion, length of 
biliary stricture, total bilirubin, and the presence of prior drain-
age between the laser-cut-type and braided-type groups. The 
proportion of patients receiving chemotherapy before and after 
CMS placement was also not significantly different between the 
laser-cut and braided groups.  

Endoscopic procedure and AEs  
The endoscopic procedures and AEs are presented in Table 2. 
In the laser-cut group, one patient received an 8-mm diameter 
stent, and the remaining 23 patients received 10-mm diameter 
stents. In the braided group, all 23 patients received 10-mm di-
ameter stents. Stents measuring 6 cm in length were more often 
used in the braided group; however, 7-cm long stents were more 
often used in the laser-cut group. ES was performed in three 
patients in the laser-cut group and two patients in the braided 
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group, and there was no significant difference in the percentage 
of patients requiring ES. None of the patients underwent pan-
creatic drainage. 

Mild acute pancreatitis, as an early AE, occurred in two pa-
tients (8.7%) in the braided group. Acute cholecystitis, as a late 
AE, occurred in one patient (4.2%) in the laser-cut group and 
two patients (8.7%) in the braided group. One patient belong-
ing to the laser-cut group had mild cholecystitis. Two patients 
in the braided group had moderate cholecystitis, stent removal 
was performed in one patient, and percutaneous transhepatic 
gallbladder drainage was performed in the other patient. The 
severity of cholecystitis was graded according to the Tokyo 
Guidelines 2018.34 There were no procedure-related severe AEs 
or mortality. 

Patient survival 
The median follow-up period was 187 days (range, 55–1,052 
days) in the laser-cut group and 261 days (range, 28–765 days) 
in the braided group (p=0.516). The Kaplan-Meier curve for 
patient survival is shown in Figure 2. The median survival was 
187 days (95% confidence interval [CI], 140−273 days) in the 
laser-cut group and 269 days (95% CI, 169−381 days) in the 
braided group. There were no significant differences in the OS 
duration between the laser-cut and braided groups (p=0.618). 

TRBO 
The Kaplan-Meier curves for TRBO are shown in Figure 3. The 
median TRBO was 217 days (95% CI, 125−285 days) in the 
laser-cut group. In contrast, TRBO analysis could not be per-
formed in the braided group because most patients died by 
the time stent dysfunction occurred. The median TRBO was 
significantly longer in the braided-type group with the partially 
covered WallFlex stent than in the laser-cut group (p=0.0008). 
Figure 4 shows the median TRBO or patient death. The medi-
an TRBO or patient death was also significantly longer in the 
braided group (265 days; 95% CI, 126−357 days) than in the 
laser-cut group (141 days; 95% CI, 104−203 days; p=0.023). 

Table 2. Endoscopic procedure and adverse events
Variable Laser-cut-type Braided-type p-value
Total 24 23
Stent diameter (8 mm:10 mm) 1:23 0:23 1.00
Median stent length (cm) 7 6 0.005
Endoscopic sphincterotomy 3 (13) 2 (8.7) 1.00
Pancreatic drainage 0 0 NA
Early adverse events
 Pancreatitis 0 2 (8.7) 0.234
Late adverse events
 Cholecystitis 1 (4.2) 2 (8.7) 0.609

Values are presented as number (%).
NA, not applicable.

Table 1. Patient characteristics
Characteristic Laser-cut-type Braided-type p-value
Total 24 23
Age (yr) 71 (50–87) 75 (65–90) 0.007
Sex (male:female) 12:12 10:13 0.772
WHO performance status (0:1:2) 12:9:3 9:13:1 0.343
Tumor size (mm) 26.5 (13–85) 31 (18–40) 0.316
Distant metastasis 10 (41.7) 7 (30.4) 0.547
Duodenal invasion 7 (29) 5 (21.7) 0.740
Length of biliary stricture (mm) 20 (10–46) 22 (10–36) 0.436
Serum bilirubin before stenting (mg/dL) 2.25 (0.3–14.7) 2.00 (0.8–10.4) 0.406
Prior biliary drainage by PS or ENBD 12 (50) 16 (69.6) 0.238
Chemotherapy 21 (87.5) 17 (73.9) 0.286
 GEM or S1 8 (33.3) 2 (8.7)
 GnP or mFFX 12 (50.0) 15 (65.2)
 Others 1 (4.2) 0
Follow-up (day) 187 (55–1,052) 261 (28–765) 0.516

Values are presented as median (range) or number (%).
WHO, World Health Organization; PS, plastic stent; ENBD, endoscopic nasobiliary drainage; GEM, gemcitabine; GnP, gemcitabine plus nab-paclitaxel; 
mFFX, modified FOLFIRINOX (fluorouracil, leucovorin, irinotecan, and oxaliplatin).
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Stent dysfunction 
The results of stent dysfunction are presented in Table 3. Stent 
dysfunction was observed in 13 patients in the laser-cut group 
and four patients in the braided group. The rate of stent dys-
function was significantly higher in the laser-cut group than in 
the braided group (p=0.015). There was a slight trend towards 
a higher incidence of stent migration in the laser-cut group, 
although no significant difference was observed. There were 
no significant differences in the incidence of tumor ingrowth/
overgrowth and sludge formation between the two groups. The 
anti-cancer effects of chemotherapy and stent length on stent 
migration are shown in Table 4. In the laser-cut group, success-
ful chemotherapy significantly increased the rate of stent mi-
gration, whereas there was no significant difference in the stent 
length between the groups. 

DISCUSSION 

This is the first study to directly compare two different mechan-
ical types of CMSs used with anti-migration systems in patients 
with MDBO due to unresectable pancreatic carcinoma. In this 
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Fig. 2. Kaplan-Meier graph showing the overall survival duration of 
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was observed between the laser-cut-type and braided-type CMS 
groups. CMS, covered self-expandable metallic stent.
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Fig. 3. Kaplan-Meier curve showing the stent patency. Cumulative 
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for the laser-cut-type CMS. CMS, covered self-expandable metallic 
stent. a)Because most patients died by the time stent dysfunction oc-
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study, TRBO was shown to be significantly longer in the braid-
ed group than in the laser-cut group. In both stent groups, stent 
migration was the main cause of stent dysfunction; however, 
there was a trend towards a lower incidence of migration in the 
braided group, which may have contributed to the difference 
in TRBO. It was generally expected that laser-cut-type SEMSs, 
which have a lower AF and higher conformability, would show 
less migration; however, our results were different. This differ-
ence may be related to the differences in the anti-migration sys-
tems. Moreover, the laser-cut-type CMSs with less AF and RF 
and better conformability were thought to be less likely to cause 
pancreatitis and cholecystitis; however, the frequencies of these 
complications were similar to those of the braided-type CMSs.  

Many types of SEMSs with varying mechanical properties are 
commercially available. Isayama et al.29 investigated the physi-
cal properties of various stents in desk experiments and found 
that braided SEMSs, such as the WallFlex stent, tended to have 
a relatively strong RF and AF, whereas laser-cut-type SEMSs 
had a slightly weaker RF and AF, with good conformability. 
The major advantage of the laser-cut-type SEMSs is that it un-
dergoes less shortening than that of the braided SEMSs, which 
makes positioning easier. However, there have been no report-
ed comparisons of the effects of these different mechanical 

properties on stent patency and safety in clinical practice. The 
ZEOSTENT CMS is made of laser-cut nitinol (nickel-titanium 
alloy), and the covered membrane comprises polyurethane and 
polyolefin elastomer.35 The outer surface of the stent is covered 
with a polymer membrane. In addition, this stent is equipped 
with an anti-migration system. The ZEOSTENT CMS has a 
“flare and bank” structure, both ends of the stent are flared  
(1.5 cm), and a raised band is added at each end, 1 cm from the 
1.5-cm flared portion. On the other hand, the WallFlex Biliary 
RX stent is partially covered with a single silicone membrane 
on the inner side of a metallic stent except for a 5-mm section 
at each end.25 Some reports have demonstrated the usefulness 
of the partially covered WallFlex in MDBO due to pancreatic 
carcinoma and found that the incidence of stent migration was 
lower.12,36 

There have only been a few reports on covered laser-cut-type 
stents for MDBO.35 Isayama et al.35 and Marui et al.37 reported 
stent migration rates of 12% and 4%, respectively. However, 
the migration rate of the laser-cut-type CMSs remains unclear. 
Furthermore, few studies have examined whether the anti-mi-
gration features of biliary SEMSs prevent migration. Park et 
al.38 compared the anti-migration effects of two types of fully 
covered metallic stents (FCMSs), concluding that the anchor-

Table 3. Stent patency duration, dysfunction, and causes in the covered self-expandable metallic stents 
Variable Laser-cut-type Braided-type p-value
Total 24 23
Median to RBO or patient death (day) 141 265 0.023
Causes of stent dusfunction 13 (54.2) 5 (21.7) 0.036
 Tumor ingrowth 1 (4.2) 0 1.000
 Tumor overgrowth 2 (8.3) 0 0.489
 Sludge formation 1 (4.2) 2 (8.7) 0.609
 Stent migration 9 (37.5) 3 (13.0) 0.093

Values are presented as number (%).
RBO, recurrent biliary occlusion.

Table 4. Factors associated with stent migration

Variable
Laser-cut-type (n=24) Braided-type (n=23)

Migration absent Migration present p-value Migration absent Migration present p-value
Number 15 (62.5) 9 (37.5) 20 (87.0) 3 (13.0)
Effect of chemotherapy
 BSC or PD 11 (45.8) 2 (8.3) 13 (56.5) 2 (8.7)
 SD or PR 4 (16.7) 7 (29.2) 0.033 7 (30.4) 1 (4.3) 1.000
Median stent length (cm) 7 7 0.873 6 6 0.372

Values are presented as number (%).
BSC, best supportive care; PD, progressive disease; SD, stable disease; PR, partial response. 
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ing design was superior to the flared-end design. Thus, our 
tested laser-cut CMSs with a flared design alone may have had 
a weaker anti-migration effect. Minaga et al.39 also investigated 
the anti-migration properties of several types of FCMSs in desk 
experiments. In this desk experiment, it was pointed out that 
there is a strong correlation between the anti-migration effect 
and RF when the stent is not fully expanded; however, once the 
stent is fully expanded, the flare structure variables affect the 
anti-migration properties of the stent. It was also pointed out 
that laser-cut stents have a strong anti-migration effect when 
not fully expanded; however, the effect is greatly reduced when 
the stent is fully expanded.39 In our study, we found a significant 
correlation between response to chemotherapy and increased 
migration rate, especially in the laser-cut group. The flare and 
bank structure of the laser-cut stent may have exerted an an-
ti-migration effect in situations where the stent was difficult to 
fully expand due to compression by a growing tumor. However, 
in a situation where the tumor had shrunk, and the stent was 
more likely to fully expand, the flared, uncovered end of the 
braided-type stent may have been more likely to be embedded 
into the bile duct, making migration less likely. 

In fact, some reports have suggested that stent migration may 
be related to the mechanical properties of metallic stents and 
the influence of chemotherapy.40,41 In recent years, advances 
in chemotherapy for patients with pancreatic carcinoma have 
occurred, as shown by reports of prolonged prognosis and im-
proved local control.42,43 Therefore, the effect of such intensive 
chemotherapy on the patency of the stent should be considered 
in future studies. Stent dysfunction is primarily caused by stent 
migration in both stent types, and controlling migration is the 
most important factor associated with prolonged stent patency. 
The fact that both the inner and outer surfaces of this laser-cut-
type CMSs were covered with membranes may have also con-
tributed to the high incidence of migration. 

On the other hand, in this study, there was no difference in 
the OS between the laser-cut-type and braided-type groups, 
although there was a difference in the TRBO. In both stent 
groups, there was no significant difference in the OS, probably 
because of appropriate reinterventions, such as additional place-
ment or replacement of stents even when RBO occurred and 
continuation of chemotherapy for as long as possible. However, 
from the perspective of quality of life, the braided-type partially 
covered SEMSs is superior because it reduces the number of 
reinterventions. In addition, further development of chemo-
therapy may prolong the prognosis of patients with pancreatic 

carcinoma, and stents with longer TRBO enable continued che-
motherapy, which may affect the OS in the future. 

Our study had certain limitations. First, the study population 
was relatively small. If the population had been larger, a signifi-
cant difference in the incidence of stent migration between the 
two groups would have possibly been observed. However, we 
used the same stent consecutively for a certain period in the ret-
rospective comparative cohort study. We believe that the statis-
tical reliability should be high in general because most patient 
background factors were eventually aligned, and no significant 
differences were observed between the two groups. Second, this 
study only compared one type of laser-cut CMSs and one type 
of braided CMSs, which limits the generalizability of the study 
findings to other types of biliary SEMSs. 

Our study is the first to compare laser-cut-type CMSs and 
braided-type CMSs, both of which have anti-migration systems. 
In this study, no significant differences in safety and the medi-
an OS were observed between the laser-cut CMSs and braided 
CMSs. However, the TRBO was longer for the braided-type 
CMSs than for the laser-cut-type CMSs. The braided-type 
CMSs with an anti-migration system would be preferable for 
palliation of patients with MDBO due to pancreatic carcinoma. 
Our results should be corroborated by additional studies. How-
ever, stent migration is the major cause of stent dysfunction even 
in CMSs with anti-migration systems, and controlling migration 
is of paramount importance for prolonged stent patency. 
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INTRODUCTION 

Percutaneous endoscopic gastrostomy (PEG) is a widely used 
method for providing long-term enteral nutrition to patients 
who require tube-feeding support due to impaired oral intake.1,2 
The use of PEG has gradually risen with the increase in life ex-
pectancy; PEG tube placement and removal is a common and 
relatively safe procedure.3 

PEG tubes need to be removed when the infection persists, 
when there is cracking or clogging, and when buried bumper 
syndrome occurs. PEG tubes with rigid bumpers are usually re-

Percutaneous endoscopic gastrostomy (PEG) is a common method for providing long-term enteral nutrition to patients. PEG tube 
placement and removal are relatively safe; generally, a PEG tube can be removed using gentle traction, and excessive bleeding is rare. 
The over-the-scope clip system is a new device that can be used for gastrointestinal hemostasis and for closing gastrointestinal fistulae. 
In the present case, a 68-year-old male patient had to remove the PEG tube because of persistent leakage around the PEG tube. Al-
though it was gently removed using traction, incessant bleeding continued, with a Rockall score of 5 points, even after hemocoagula-
tion was attempted. An over-the-scope clip device was used to achieve hemostasis and fistula closure. 
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moved using an endoscopic method wherein the tube is cut and 
withdrawn with an endoscopic snare. PEG tubes with flexible 
bumpers are usually removed using a traction method where 
the tube is pulled out through the skin. If the PEG tube type is 
unknown, the endoscopic method is recommended due to di-
rect visualization.4 Generally, a PEG tube can be easily removed 
using gentle traction. It is uncommon to witness excessive 
bleeding after removing a PEG catheter.5 The over-the-scope 
clip (OTSC) system is a new full-thickness suturing device that 
can be used for gastrointestinal hemostasis as well as for closing 
gastrointestinal fistulae.6,7 This system is relatively safe, easy to 
use, effective, and has a high success rate in hemostasis and de-
fect closure.6,8 

We report a case of excessive bleeding just after removing the 
PEG tube. We stop bleeding and close the fistula also using an 
OTSC device. 

CASE REPORT 

A 68-year-old male patient with hilar cholangiocarcinoma and 
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metastatic pulmonary cancer underwent adjuvant chemothera-
py. He had recurrent aspiration pneumonia and complained of 
severe dysphagia with an Eastern Cooperative Oncology Group 
performance status of 3. He underwent PEG tube insertion 
using a PEG-24-PULL-S (Cook Medical LLC, Bloomington, 
IN, USA), without any complications. However, leakage around 
the PEG site subsequently persisted for 90 days. Endoscopic 
findings showed a well-positioned PEG tube without signs of 
gastric ulcer. The PEG tube was gently removed by traction; 
however, blood flowed continuously and uncontrollably from 
the insertion site. Endoscopy revealed blood gushing from the 
PEG tract. When electrocoagulation using an electrocoagula-

tion probe (3 minutes; MTW Endoskopie, Wesel, Germany) 
failed to stop the bleeding, we attempted hemostasis with an 
OTSC device. A 12/6 t-type OTSC (Ovesco Endoscopy AG, 
Tübingen, Germany) was successfully used to simultaneously 
achieve hemostasis and close the gastrocutaneous fistula. En-
doscopy revealed no active bleeding and a closed fistula (Fig. 1). 
The total procedural time was 13 minutes. The changes in vital 
signs from before to after endoscopy were as follows: blood 
pressure from 145/86 to 121/80 mmHg, pulse rate from 105 to 
97 beats per minute, and respiratory rate from 22 to 20 breaths 
per minute, while SaO2 was at 99%. Laboratory tests showed 
no thrombocytopenia, and his Rockall score was 5. Laboratory 

Fig. 1. Endoscopic findings. (A) A well-positioned percutaneous endoscopic gastrostomy (PEG) tube before removal. (B) Blood jetting from 
the PEG tract after removing the PEG tube. (C) Persistence of active bleeding despite endoscopic hemocoagulation therapy. (D) The tissue at 
the gastric orifice was captured with the over-the-scope clip device. The gastrocutaneous fistula was closed, and endoscopic hemostasis was 
also successfully achieved.

A

C

B

D
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findings before and after the endoscopy showed the following 
changes: hemoglobin count from 10.9 g/dL to 10.5 g/dL, platelet 
count from 230×103/µL to 194×103/µL, prothrombin time from 
14.7  seconds to 14.4 seconds, and activated prothrombin time 
from 27.3  seconds to 28.0  seconds. He had no risk factors for 
bleeding tendency, such as the administration of antithrombot-
ic or antiplatelet agents. Following the procedure, leakage from 
the fistula and bleeding ceased and the patient started a diet on 
the next day; the last follow-up was 8 weeks after the procedure. 

DISCUSSION 

The OTSC system is a full-thickness suturing device that can 
be used through flexible endoscope working channels. OTSC 
devices have a higher clinical success rate for gastrointestinal 
hemostasis compared with standard endoscopic hemostasis in 
patients who either use anticoagulants or those with an endo-
scopic Rockall score of 6 or higher.9 Given its strength, it is also 
effective for gastrointestinal mucosal defects and perforation. 
Therefore, the OTSC system also achieved a high success rate 
in endoscopic closure of gastrocutaneous fistula after PEG 
tube removal in immunocompromised patients and those with 
multiple comorbidities.6,8 It also showed a lower incidence rate 
of rebleeding and rebleeding-associated mortality.10 This new 
endoscopic device has various indications. It is used not only 
for hemostasis in gastrointestinal bleeding but also for closing 
gastrointestinal fistulae or anastomotic leakage.11-13 

In this case study, the incessant bleeding was thought to be 
due to the damage to the gastric mucosa that was in contact 
with the PEG tube when it was removed using the traction 
method. Because bleeding persisted after attempting endoscop-
ic hemostasis with a Rockall score of 5 points, we used an OTSC 
device that could simultaneously achieve hemostasis with direct 
tamponade and closure of the gastrocutaneous fistula. 

Ponsky-type PEGs can be removed easily by the traction 
method. There are few complications after the removal, and 
massive bleeding rarely occurs.5 However, PEG insertion is 
commonly performed in patients with deteriorating and/or var-
ious comorbid conditions. Bleeding can be fatal when it cannot 
be controlled through endoscopic hemostasis. In patients with 
general weakness or immunodeficiencies, spontaneous closure 
of the fistula after PEG removal may not occur. Many studies 
have reported high closure success rates with an OTSC device 
similar to the one used in this case.6,8,12 

In conclusion, as described in this case report, when inces-

sant bleeding continues after the removal of PEG, even after 
attempting hemocoagulation, an OTSC device can be used as 
an alternative to achieve both hemostasis and fistula closure. 
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INTRODUCTION 

Gastrointestinal stromal tumor (GIST) accounts for approxi-
mately 1% of all gastrointestinal tract neoplasms.1 GIST usually 
presents as an incidental gastric subepithelial lesion during 
upper endoscopy or abdominal radiologic studies. In symp-
tomatic cases, abdominal pain and gastrointestinal bleeding are 
common manifestations. Gastrointestinal obstruction is a less 
frequent presentation, occurring in only 10%–30% of patients,2 

Patients with symptomatic gastrointestinal stromal tumor (GIST) typically present with gastrointestinal bleeding and abdominal pain. 
This report presents an unusual case of fundic GIST complicated by gastroduodenal intussusception, manifesting as acute pancreatitis. 
The patient presented with epigastric pain and pancreatic enzyme elevation; thus, he was diagnosed with acute pancreatitis. Computed 
tomography showed evidence of pancreatitis and a 4×4.7 cm well-defined hyperdense lesion in the 2nd part of the duodenum, com-
pressing the pancreatic head and pancreatic duct. Esophagogastroduodenoscopy revealed invagination of the gastric folds into the du-
odenum, causing pyloric canal blockage consistent with gastroduodenal intussusception. Spontaneous reduction of the lesion during 
endoscopy revealed a 4 cm pedunculated subepithelial mass with central ulceration originating from the gastric fundus. Endoscopic 
ultrasound demonstrated a heterogeneous hypoechoic lesion originating from the 4th layer of the gastric wall. Laparoscopic-endoscop-
ic intragastric wedge resection of the fundic lesion was subsequently performed, and surgical histology confirmed GIST. 

Keywords: Acute pancreatitis; Gastroduodenal intussusception; Gastrointestinal stromal tumor  
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while gastroduodenal intussusception and acute pancreatitis are 
extremely unusual presentations of gastric GIST. This report 
presents the case of a patient diagnosed with gastric GIST com-
plicated by gastroduodenal intussusception, resulting in acute 
pancreatitis. 

CASE REPORT 

A 55-year-old male patient presented with worsening epigastric 
pain and vomiting for 10 days. He reported intermittent ab-
dominal pain for 10 months prior to presentation. Abdominal 
examination revealed tenderness at the epigastrium. His serum 
amylase level was 320 U/L, compatible with acute pancreatitis. 
Abdominal computed tomography (CT) revealed a 4×4.7 cm 
well-defined hyperdense mass in the 2nd part of the duode-
num, compressing the pancreatic head, edematous pancreatic 
parenchyma, peripancreatic fat stranding, and pancreatic duct 
dilatation (Fig. 1). Esophagogastroduodenoscopy was signifi-
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cant for abnormal torsion of gastric folds that originated from 
the gastric fundus, coursed along the lesser curvature, and in-
vaginated into the pyloric canal, thereby blocking the passage 

of the scope into the duodenal bulb (Fig. 2A, B). These findings 
were consistent with those of gastroduodenal intussusception. 
The lesion spontaneously reduced back into the stomach during 

Fig. 1. (A) Computed tomography scan of the abdomen revealed a 4×4.7 cm well-defined hyperdense tumor in the 2nd part of the duode-
num, edematous change of the pancreatic parenchyma, and peripancreatic fat stranding. (B) The mass was originated from the gastric fundus.

Fig. 2. Endoscopic images of the lesion. (A) Twisting of the gastric folds in the gastric cardia and fundus. (B) Torsion of the gastric folds run-
ning across the incisura into the pyloric canal. (C) A 4-cm sized, pedunculated subepithelial lesion arising from the fundus was visualized 
after spontaneous reduction of the intussuscepted gastric folds. (D) Endoscopic ultrasound of the subepithelial lesion demonstrating a hetero-
geneous hypoechoic mass originating from the 4th layer of the gastric wall.

A

A

C

B

B

D

448



the procedure, allowing visualization of an approximately 4-cm 
sized, pedunculated subepithelial mass with inflamed muco-
sa and central ulceration (Fig. 2C). Endoscopic examination 
of the duodenal bulb, the 2nd part of the duodenum, and the 
ampulla were unremarkable (Supplementary Video 1). Endo-
scopic ultrasound was notable for a heterogeneous hypoechoic 
mass originating from the 4th layer of the gastric wall (Fig. 2D), 
highly suggestive of GIST. Given the lesion size and location, we 
elected to proceed with combined laparoendoscopic intragas-
tric wedge resection. The procedure was successfully performed 
without any complications. The histology revealed a 5.5×4.3×4 
cm-sized, intramural spindle cell tumor with a mitotic rate of 
<5/50 high power field (G1). Immunohistochemical analysis 
showed that the tumor cells were positive for CD34, CD117, 
and DOG-1, but not for S100 and 1A4, confirming the diagno-
sis of GIST (Fig. 3). Therefore, the final diagnosis was gastric 
fundal GIST complicated by gastroduodenal intussusception, 
triggering acute pancreatitis. The patient remained asymptom-
atic without evidence of recurrence after 2 years of follow-up. 

DISCUSSION 

Gastroduodenal intussusception, first described by Hobbs and 
Cohen, and also known as ball valve syndrome, is an uncom-
mon condition in which a part of the stomach invaginates into 
the pylorus and duodenum.3 This condition accounts for less 
than 10% of all intussusceptions in adults.4 The possible etiol-
ogies of this condition include adenomatous polyps, lipomas, 
hamartomas, leiomyomas, leiomyosarcomas, adenocarcino-
mas, and GISTs. Among the gastrointestinal tract mesenchy-
mal tumors, GIST is the most common, with the stomach 
being the most predominant location, accounting for 60% of 
cases.5 The presentations of GIST generally include abdominal 
pain, gastrointestinal bleeding, and, to a lesser extent, bowel 
obstruction, although cases can also be asymptomatic.5 In 
contrast, gastroduodenal intussusception caused by GIST is in-
credibly infrequent; only 17 case reports of GIST complicated 
by gastroduodenal intussusception have been identified thus 
far. Most reported patients present with acute or intermittent 

Fig. 3. (A) Pathologic examination showed spindle-shape cells on hematoxylin & eosin stain. Immunohistochemical staining of the specimen 
was positive for (B) CD117, (C) CD34, and (D) DOG-1, respectively. All images were taken in high-power-field magnification (×400).
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episodes of epigastric pain and vomiting that are compatible 
with clinical gastric outlet obstruction for a day to months 
leading up to diagnosis. The most common tumor location is 
the antrum and fundus, with sizes ranging from 2.5 cm to 8 
cm in maximum dimension. All patients underwent surgical 
resection.6 

Our patient developed acute pancreatitis, which is an exceed-
ingly peculiar complication of gastroduodenal intussusception. 
This condition was believed to be triggered by pancreatic duct 
distortion or compression secondary to the duodenal wall trac-
tion or direct obstruction of the pancreatic duct orifice by the 
intussusceptum.7 Extensive literature search to date only yielded 
reports of 11 cases of such exceptional circumstances, and only 
five cases of acute pancreatitis secondary to gastroduodenal 
intussusception of gastric GIST (Table 1).8-18 The mean age of 
these five patients was 71 years, with a slight female predilec-
tion. Three patients had pedunculated GISTs dangling from 
the fundus, causing intussusception, while the remaining two 
patients had GISTs located in the antrum. Tumor size ranged 
from 6 cm to 8.8 cm. All patients underwent successful surgical 
resection. 

Endoscopically, GIST appears as a smooth bulge of subepithe-
lial lesions covered by normal overlying mucosa, with or without 
central ulceration, and with a firm consistency when probed 
with biopsy forceps.19 Endoscopic ultrasound usually demon-
strates hypoechoic homogeneous lesions arising from either the 
2nd or 4th layer, although heterogeneous lesions with anechoic 
spaces and calcifications may also be found.19 Contrast-en-
hanced CT scans can help evaluate lesion extension, evidence of 
malignant metastasis, and complications such as intussusception 
and obstruction. As in our case, endoscopy and CT helped in 

the diagnosis.  
Reduction of the intussusception can be performed endoscop-

ically; however, this technique may not always be feasible in cas-
es with totally obliterated lumens. In such a scenario, open sur-
gical reduction may be required unless spontaneous reduction 
occurs, as demonstrated in our case. Resection by either laparo-
scopic or open surgery remains the only definitive treatment for 
GIST to date. Endoscopic submucosal dissection, submucosal 
tunnel resection, and full-thickness resection are viable options 
for 2 to 4 cm GIST.19 

In conclusion, gastric GIST complicated by gastroduodenal 
intussusception is uncommon. Here, we present a case of acute 
pancreatitis secondary to gastroduodenal intussusception from 
a pedunculated gastric GIST at the fundus. Our patient sub-
sequently underwent successful combined laparoscopic and 
endoscopic intragastric wedge resection. This diagnosis should 
be considered in patients presenting with acute pancreatitis and 
gastric outlet obstruction. 

Supplementary Material 

Supplementary Video 1. Upper endoscopy demonstrated 
gastroduodenal intussusception with spontaneous reduction of 
the pedunculated subepithelial mass originating from the gastric 
fundus (https://doi.org/10.5946/ce.2021.073.v001).

Supplementary materials related to this article can be found online 
at https://doi.org/10.5946/ce.2021.073. 
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Table 1. Case reports of gastroduodenal intussusception causing acute pancreatitis
Study Age (yr) Sex Etiology Location Size (cm) Treatment
White (1991)8 67 Male Leiomyoma Body 3.5 Gastrostomy excision
Herman (1992)9 44 Female Adenomatous polyp Body 6 Gastrostomy excision
Senadhi (2011)10 58 Female GIST Antrum 6 Partial anterior gastric resection
Jones (2012)11 65 Male GIST Fundus 8.2 Laparoscopic wedge resection
Sun (2012)12 82 Female GIST Fundus 8 Surgical resection
Chahla (2014)13 76 Male Hyperplastic polyp Antrum 12 Partial endoscopic resection
Prakash (2017)14 65 Male GIST Antrum - Subtotal gastrectomy
Yildiz (2016)15 85 Female GIST Fundus 6 Subtotal gastrectomy
Salazar-Alarcón (2017)16 68 Male Adenocarcinoma Antrum 7 Subtotal gastrectomy
Jetha (2018)17 86 Female Adenomatous polyp Fundus 8.8 Laparoscopic resection
Bejjani (2018)18 84 Female Adenocarcinoma Antrum 7.5 Partial lateral gastrectomy

GIST, gastrointestinal stromal tumor.
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INTRODUCTION 

Ganglioneuroma is a rare disorder characterized by the dis-
tribution of tumors originating from the ganglion cells, sup-
porting cells, and nerve fibers in different organs of the body.1 
Although ganglioneuroma can occur in any tissue in which the 
autonomic nervous system is present, it is very rare in the co-
lon. Colonic ganglioneuroma is mainly diagnosed in childhood 
and is occasionally accompanied by hereditary disorders, such 
as neurofibromatosis type I (NF type 1) or multiple endocrine 
neoplasia type 2B (MEN 2B). Colonic ganglioneuroma is con-
sidered a benign condition, and there has been little research 

Colonic diffuse ganglioneuromatosis is an extremely rare disease in which multiple tumors derived from the ganglion cells, nerve fi-
bers, and supporting cells are distributed in the colon. It is generally considered to be a benign neoplastic condition and is occasionally 
associated with rare hereditary conditions such as neurofibromatosis type I or multiple endocrine neoplasia type 2B. Here, we report a 
case of a patient in whom colon cancer developed 12 years after the initial diagnosis of colonic diffuse ganglioneuromatosis, which sug-
gests a possible association between colonic diffuse ganglioneuromatosis and colorectal cancer. 
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on its natural course and malignant potential. Here, we report 
a case of a patient in whom colon cancer was confirmed on 
surveillance colonoscopy after the initial diagnosis of colonic 
diffuse ganglioneuromatosis, a subtype of ganglioneuroma, 12 
years ago. 

CASE REPORT 

A 26-year-old male patient with no particular medical history 
visited Asan Medical Center for the evaluation of intermittent 
bloody stools that he had been complaining of for the past 5 
years. The patient denied any abdominal pain, weight loss, 
or change in bowel habits. The patient had no specific family 
history, especially of colorectal cancer or hereditary diseas-
es. Initial vital signs were normal. Blood pressure of 110/70 
mmHg, pulse rate of 70/min, respiration rate of 18/min, and 
body temperature of 36.8°C were recorded. Physical examina-
tion revealed normal bowel sounds sound with no tenderness 
or palpable mass in the abdomen. There were no cutaneous 
café-au-lait spots, axillary freckling, or plexiform neurofibroma. 
Initial colonoscopy revealed multiple sessile polyps of varying 
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diameters, dispersed between the descending and sigmoid 
colon. The mucosal surface of the polyps was intact, with no 
erosion or ulcer (Fig. 1). Histopathological examination of the 
biopsied tissue showed scattered ganglion cells admixed with a 

proliferation of spindle cells in the expanded lamina propria of 
the mucosa. Immunohistochemical staining showed ganglion 
cells with positive neuronal nuclei (NeuN), spindle cells with 
positive S-100 protein, and neuronal components with positive 

Fig. 1. Initial colonoscopic findings of colonic diffuse ganglioneuromatosis. (A) Colonoscopy revealed the presence of multiple sessile polyps 
of varying diameters in the descending colon. (B) Some sessile polyps showed a hyperemic surface, but the overlying mucosa was intact with 
no definitive erosion or ulcer.

Fig. 2. Microscopic and immunohistochemical findings. (A) Histological examination of the biopsied tissue showed proliferation of the gan-
glion and spindle cells in the lamina propria (hematoxylin & eosin, ×100). Immunohistochemical stainings showed diffuse positivity for (B) 
neuronal nuclei (×200), (C) S-100 protein (×200), and (D) synaptophysin (×400).
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synaptophysin (Fig. 2). These findings were consistent with the 
diagnosis of colonic ganglioneuroma. Laboratory tests were 
performed to investigate the presence of coexisting hereditary 
diseases. Serum calcitonin was 1.9 pg/mL (normal range, 0–10 
pg/mL) and carcinoembryonic antigen was 2.2 ng/mL (normal 
range 0–6). Qualitative test for vanillylmandelic acid was neg-
ative. Computed tomography scan of the abdomen and pelvis, 
thyroid ultrasound, and esophagogastroduodenoscopy were 
performed to exclude MEN 2B and Cowden syndrome, which 
did not show any specific findings. Magnetic resonance imag-
ing of the brain showed no brain or optic nerve tumors. The pa-
tient was diagnosed with colonic diffuse ganglioneuromatosis 
without any hereditary diseases. 

The patient was followed up with regular surveillance colo-
noscopy at an interval of 1 to 2 years. Surveillance colonoscopy, 
12 years after the initial diagnosis, revealed a 2.9 cm subpedun-
culated polyp in the sigmoid colon. The mucosal surface was hy-
peremic with type IV and VI Kudo pit patterns (Fig. 3). Mucosal 
biopsy revealed adenocarcinoma. The patient underwent total 
colectomy. Histologic examination revealed moderately differ-
entiated adenocarcinoma confined to the mucosa arising from 
a tubular adenoma in the sigmoid colon, and diffuse gangli-
oneuromatosis with involvement of the entire colonic wall from 
the descending to the sigmoid colon (Fig. 4). Pathological tumor 

staging was pTis, N0, and M0 (American Joint Committee on 
Cancer staging system, 8th edition). The patient was healthy 
without recurrence on follow-up 7 months after surgery. 

DISCUSSION 

Ganglioneuroma, which originates from the neural crest, is 
considered a benign tumor composed of ganglion cells, sup-
porting cells, and nerve fibers.1 Although ganglioneuroma can 
occur in any part of the body in which autonomic nervous 
system is present, it develops most commonly in the adrenal 
medulla, posterior mediastinum, and retroperitoneum, where 
major sympathetic ganglia are present. It is the most common 
tumor of the sympathetic nervous system in adults.2 Gastro-
intestinal ganglioneuroma is very rare, and colorectum is the 
location where ganglioneuroma occurs most commonly out of 
the entire gastrointestinal tract. It may occur either alone or in 
association with various hereditary diseases such as MEN 2B, 
NF type 1, familial adenomatous polyposis, juvenile polyposis, 
tuberous sclerosis, and Cowden syndrome.3,4 

Ganglioneuromas of the gastrointestinal tract can be divided 
into three groups: (1) polypoid ganglioneuroma, (2) gangli-
oneuromatous polyposis, and (3) diffuse ganglioneuromato-
sis.4 Polypoid ganglioneuroma is the most common form of 

Fig. 3. Colonoscopic findings of colon cancer in the background of colonic diffuse ganglioneuromatosis. (A) Initial colonoscopy at the time 
of diagnosis of colonic diffuse ganglioneuromatosis showed a large mass with intact, smooth overlying mucosa in the sigmoid colon. A very 
thick stalk-like structure was noted at the base of the mass. (B) Surveillance colonoscopy, 12 years after the initial diagnosis of colonic diffuse 
ganglioneuromatosis, showed a 2.9 cm mass at the same location as the initial lesion. The overlying mucosa was hyperemic with type IV and 
VI Kudo pit patterns. The stalk became more prominent.
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gastrointestinal ganglioneuroma. It comprises of a single or a 
small number of polyps confined to the mucosa or submucosa. 
It grossly resembles a hyperplastic polyp, a juvenile polyp, or 
an adenoma.4 It is not related to systemic diseases and has a 
good prognosis since it is a benign tumor. Ganglioneuromatous 
polyposis is defined as multiple, often more than 20, sessile 
or pedunculated ganglioneuromatous polyps. Diffuse gangli-
oneuromatosis is characterized by poorly demarcated nodular 
and disseminated lesions. It is composed of diffuse intramural 
or transmural proliferation of ganglioneuromatous tissues that 
involve the enteric plexus. These lesions can produce stric-
ture-like thickening of the bowel wall or distort the surround-
ing tissue architecture.4,5 Diffuse ganglioneuromatosis can exist 
solitarily in the gastrointestinal tract or as a component of a 
systemic disease associated with MEN 2B or NF type 1. 

Symptoms of gastrointestinal ganglioneuroma can vary from 
asymptomatic to abdominal pain, constipation, chronic diar-
rhea, bowel obstruction, and gastrointestinal bleeding, depend-

ing on the anatomical location and size of the tumor. 
Ganglioneuroma is histologically diagnosed by identifying 

ganglion cells in the tissue. In general, hematoxylin and eo-
sin staining is sufficient for histological diagnosis. However, 
immunohistochemical staining can be helpful in confirming 
the diagnosis by identification of ganglion cells using NeuN, 
neuron-specific enolase, synaptophysin, neurofilament protein, 
and vasoactive intestinal peptide. In addition, neural tissue 
composed of spindle cells can be identified using S-100 protein, 
vimentin, and glial fibrillary acidic protein.4 Ganglioneuromas 
should be differentiated from neurofibromas and schwanno-
mas. Since there are no ganglion cells in a neurofibroma or 
schwannoma, these differential diagnoses can be ruled out by 
confirming the presence of ganglion cells in the tissue.6 

There is no established association between gastrointestinal 
ganglioneuromas and malignant tumors. Polypoid gangli-
oneuroma has been reported to have a good prognosis with 
no malignant potential.7 However, some studies have reported 

Fig. 4. The surgical specimen after total colectomy. (A) Multiple polypoid lesions with colonic wall thickening from the descending to the sig-
moid colon were observed. (B) A closer view showed diffuse ganglioneuromatosis with involvement of the entire colonic wall. (C) The subpe-
dunculated lesion in the sigmoid colon showed adenocarcinoma arising from tubular adenoma. (D) Microscopic findings showed ganglion 
cell clusters (black arrow) in the area adjacent to moderately differentiated adenocarcinoma (red arrow; hematoxylin & eosin, ×40).
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that ganglioneuromatous polyposis and diffuse ganglioneuro-
matosis might be accompanied by adenomatous polyps or 
colorectal cancer, although the incidence is rare. The first case 
of cecal adenocarcinoma surrounded by diffuse ganglioneuro-
matosis in a 54-year-old male patient was reported by Snover 
et al.8 in 1981. Other reports described patients presenting with 
coexisting hereditary diseases, colonic ganglioneuroma, and 
colorectal neoplasia. Tomita et al.9 reported a case of a 42-year-
old male patient diagnosed with NF type 1 and diffuse gangli-
oneuromatosis with well-differentiated adenocarcinoma in the 
rectum that was treated with ileocolectomy and chemotherapy. 
Trufant et al.10 reported another case of a 42-year-old male 
patient diagnosed with Cowden syndrome and gangliomatous 
polyposis with colonic adenomatous polyps and signet-ring ad-
enocarcinoma in the colon with lymph node metastasis. Kanter 
et al.11 suggested that ganglioneuromatous polyposis might be 
a premalignant condition in their report of a 40-year-old male 
patient with ganglioneuromatous polyposis and coexisting col-
orectal cancer in the same lesion. 

In our case, the patient was initially diagnosed with colonic 
diffuse ganglioneuromatosis without any hereditary diseases. 
He was followed up with regular annual or biennial surveil-
lance colonoscopy for 12 years, when colorectal cancer was 
diagnosed. Because genetic and epigenetic studies on the sur-
gically resected colon cancer specimens were not performed 
in our case, we could not determine whether the colon cancer 
caused by diffuse ganglioneuromatosis developed through the 
general carcinogenic pathway, such as the adenoma-carcinoma 
sequence or the serrated pathway. Investigation of the carcino-
genic pathways may help determine the etiopathogenesis of 
colon cancer caused by colonic ganglioneuroma, which should 
be performed in future studies. 

Our case raises several issues. First, we suggest that colonic 
diffuse ganglioneuromatosis can be associated with colorectal 
cancer, similar to several previous reports showing the coex-
istence of ganglioneuroma and colorectal neoplasia.8,9 In our 
case, colon cancer was diagnosed as a ganglioneuromatous 
mass lesion (Fig. 3), which suggests the possibility of the pre-
malignant nature of ganglioneuroma. However, the suggestion 
that ganglioneuroma may itself directly develop into colorectal 
cancer remains controversial because ganglioneuroma is a tu-
mor originating from the submucosal layer whereas colorectal 
adenocarcinoma develops from the epithelial layer. Therefore, 
we suggest that diffuse ganglioneuromatosis of the colorectum 
may lead to chronic mucosal inflammation that may result in 

colorectal cancer, such as colitic cancer caused by chronic in-
flammatory bowel diseases. Further studies, including histolog-
ical and genetic investigations, are needed to confirm the possi-
ble association between ganglioneuroma and colorectal cancer 
and its carcinogenic mechanism. The second point raised by 
our case is the importance of regular surveillance colonoscopy 
for colonic diffuse ganglioneuromatosis. The stage of colorectal 
cancer in our patient was pTis, N0, and M0, which is a very ear-
ly stage, contrary to the advanced stages necessitating chemo-
therapy mentioned in previous reports.9,10 We believe that the 
detection of carcinoma at this early stage can be attributed to 
the regular surveillance colonoscopy. Although, currently, there 
is no established consensus on the necessity of surveillance 
colonoscopy and its appropriate interval for early detection of 
adenocarcinoma in the background of gastrointestinal gangli-
oneuromatosis, we suggest a 1 to 2-year interval in surveillance 
colonoscopy based on our experience and recommendations in 
the literature. 

In summary, we presented a case of diffuse ganglioneuro-
matosis that was accompanied by colon cancer diagnosed at 
an early stage by regular surveillance colonoscopy. Colonic 
ganglioneuroma, especially ganglioneuromatous polyposis and 
diffuse ganglioneuromatosis, may be associated with colorectal 
cancer, and regular surveillance colonoscopy should be consid-
ered for this condition.  
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INTRODUCTION 

Endoscopic ultrasound (EUS)-guided biliary drainage has 
recently emerged as a common alternative for endoscopic 
transpapillary drainage.1 In particular, EUS-guided hepatico-
gastrostomy (EUS-HGS) is widely performed not only as an 
alternative to transpapillary biliary drainage, but also for prima-
ry drainage of malignant biliary obstruction.2 Although several 
devices and technical tips to maximize the safety of EUS-HGS 
have been developed, the risks of nonnegligible adverse events, 

Endoscopic ultrasound (EUS)-guided hepaticogastrostomy (HGS) is widely performed not only as an alternative to transpapillary bili-
ary drainage, but also as primary drainage for malignant biliary obstruction. For anatomical reasons, this technique carries an unavoid-
able risk of mispuncturing intrahepatic vessels. We report a technique for troubleshooting EUS-guided portal vein coiling to prevent 
bleeding from the intrahepatic portal vein after mispuncture during interventional EUS. EUS-HGS was planned for a 59-year-old male 
patient with unresectable pancreatic cancer. The dilated bile duct (lumen diameter, 2.8 mm) was punctured with a 19-gauge needle, 
and a guidewire was inserted. After bougie dilation, the guidewire was found to be inside the intrahepatic portal vein. Embolizing coils 
were placed to prevent bleeding. Embolization coils were successfully inserted under stabilization of the catheter using a double-lumen 
cannula with a guidewire. Following these procedures, the patient was asymptomatic. Computed tomography performed the next day 
revealed no complications. 

Keywords: Biliary system; Endoscopic ultrasound; Obstructive jaundice; Pancreatic ductal carcinoma; Therapeutic embolization  
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such as bleeding,3 bile peritonitis,4 and stent migration,5 remain. 
For anatomical reasons, this technique is associated with a risk 
of mispuncturing the intrahepatic vessels, which might cause 
death due to massive bleeding.6 Several reports have already in-
vestigated the use of EUS-guided coiling for hemostasis of var-
iceal bleeding. However, no cases of EUS guidance after portal 
vein mispuncture have been reported.7,8 We report a technique 
for troubleshooting EUS-guided portal vein coiling to prevent 
bleeding from the intrahepatic portal vein after mispuncture 
during interventional EUS. 

CASE REPORT 

A 59-year-old male patient with unresectable pancreatic can-
cer was admitted for liver dysfunction during chemotherapy. 
Computed tomography (CT) revealed distal biliary obstruction 
due to tumor progression and dilatation of the intra- and ex-
trahepatic bile ducts (Fig. 1A). EUS-HGS was planned because 
duodenal stenosis due to duodenal invasion was evident on 

    This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

458 Copyright © 2022 Korean Society of Gastrointestinal Endoscopy



endoscopy. Using an echoendoscope, the intrahepatic bile duct 
(Fig. 1B) was visualized from the stomach. On EUS, the tar-
geted branch of the bile duct was dilated to 2.8 mm. Branches 
of the intrahepatic portal vein were visualized close to the bile 
duct (Fig. 1B). The bile duct was carefully punctured with a 
19-gauge needle, and a guidewire was inserted. As the contrast 
medium injected from the needle seemed to have accumulated 
in the bile duct, a 7-Fr bougie dilation catheter with a Y-con-
nector attachment was inserted along the wire. After injection 
of contrast medium through the dilation catheter, we diagnosed 
catheter mispuncture into a branch of the intrahepatic portal 

vein, because the contrast medium rapidly disappeared with 
blood flow. To prevent bleeding from the dilated puncture site 
of the intrahepatic portal vein, embolization coil placement was 
planned. Initially, the bougie dilation catheter was replaced with 
a double-lumen cannula (Uneven Double Lumen Cannula; Pi-
olax Medical Systems, Kanagawa, Japan) (Fig. 2A). A first coil 
(MReye embolization coil, 3 mm; Cook Japan, Tokyo, Japan) 
was placed into the periphery of the punctured portal vein (Fig. 
2B, C), and a second coil was placed into the liver parenchyma 
along the puncture route (Fig. 2C). The double-lumen cannula 
was useful because the coils could be inserted from the side port 

Fig. 1. (A) Computed tomography before the procedure reveals dilatation of the intrahepatic bile duct. (B) Color doppler endoscopic ultra-
sound image before procedure. Slightly dilated intrahepatic bile duct (arrow) and intrahepatic portal vein (arrowhead).

Fig. 2. (A) Image of double-lumen cannula. Main port (opening at the tip; arrow) is available for a 0.025-inch guide wire, and side port (open-
ing at the side hole; arrowhead) is available for a 0.035-inch guide wire. (B) The guidewire (arrow) is inserted into the portal vein through the 
main port of the cannula and coils (arrowhead) were placed through the side port. (C) The first coil remains peripherally in the portal vein, 
while the second coil is placed along the puncture route.
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under stabilization of the cannula with the guidewire through 
the main port. After the placement of the embolization coils, no 
bleeding into the abdominal cavity or stomach was observed on 
EUS or endoscopy. Secure hemostasis was confirmed by EUS 
with color Doppler imaging. Finally, we managed to place the 
transpapillary stent (Fig. 3A). Following these procedures, the 
patient was asymptomatic. CT performed the next day revealed 
no complications (Fig. 3B). 

DISCUSSION 

We reported the case of a patient treated with embolization coil 
placement immediately after mispuncture of an intrahepatic 
portal vein during EUS-HGS. Procedures for EUS-guided 
embolization coil placement have mostly been reported for 
the treatment of bleeding from esophageal or gastric varices.7,8 
Another case of EUS-guided coil placement for the treatment 
of bleeding from a portoduodenal fistula has been reported.9 
However, this is the first report of EUS-guided placement of 
embolization coils to prevent bleeding after EUS-HGS. 

Complications of EUS-HGS have recently been recognized 
after the publication of numerous experiences.1 Bleeding after 
EUS-HGS was reported in some case reports and original ar-
ticles, and the occurrence rate was reported as 0% to 8%.1 In 
most reported cases, the bleeding points are the puncture site or 
gastric wall and are treated conservatively. Cho et al.10 described 

a case of bleeding from the intrahepatic portal vein, which 
was treated by placement of a metal stent in their prospective 
study. Although bleeding from a portal vein after EUS-HGS 
has not been reported frequently, bleeding after mispuncture 
of the portal vein is considered a potential risk, because intra-
hepatic bile ducts and portal veins usually exist side by side. 
In general, when a needle is accidentally inserted into an in-
trahepatic portal vein during biliary drainage procedures such 
as percutaneous or EUS-guided transhepatic biliary drainage, 
withdrawing the needle from the mispunctured portal vein into 
the hepatic parenchyma and maintaining the needle in place 
for a few minutes until thrombus formation in the portal vein 
might be sufficient to prevent bleeding.11 These techniques are 
usually used when percutaneous transhepatic biliary drainage 
(PTBD) is performed, and bleeding from the portal vein after 
PTBD does not lead to death in most cases.12 However, more at-
tention should be paid to bleeding when the punctured wall of 
the portal vein is dilated. In our EUS-HGS procedure, bile duct 
puncture was confirmed with EUS guidance and fluoroscopic 
images of contrast medium accumulation. On fluoroscopic im-
aging, if the contrast medium does not disappear, the bile duct 
has been punctured correctly. However, during the reported 
procedure, the targeted intrahepatic bile duct was not greatly 
dilated (2.8 mm in diameter), and the injected contrast medi-
um from the puncture needle seemed to remain. Therefore, we 
could not find any mispuncturing of the portal vein. Thus, in-

Fig. 3. (A) The final image of the procedure shows placed coils (arrows) and an inserted transpapillary stent. (B) Computed tomography the 
day after the procedure. The peripheral area of the intrahepatic portal vein is embolized.
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sertion of the dilation catheter could not be avoided in this case. 
Furthermore, if the needle had been withdrawn when bleeding 
occurred after puncturing the portal vein, immediate insertion 
of coils or other hemostatic materials might have been difficult. 
Because of these circumstances, placement of embolization coils 
into the mispunctured portal vein was considered reasonable. 
Transpapillary drainage was selected after coil placement. As 
in previously reported case10 where the intrahepatic portal vein 
was injured during EUS-HGS and a metal stent was placed, 
stent placement via the hepaticogastrostomy route may help 
achieve hemostasis. However, it seemed difficult to puncture 
the same site of the intrahepatic bile duct again and insert the 
stent after coil placement. If the intrahepatic bile duct that was 
downstream to the puncture site were targeted, a second punc-
ture and stent placement could be successful. However, if the 
stent had been placed in the downstream bile duct, the effect of 
compressing the injured site cannot be predicted. Therefore, we 
selected this coil-based strategy. 

In previously reported procedures for EUS-guided coil place-
ment, coils have mostly been inserted through the puncture 
needle.7-9 In contrast, a double-lumen cannula was used for coil 
placement in our procedure. In the treatment of varices, the tar-
gets of coil placement are usually dilated vessels, where keeping 
the needle tip inside the dilated vessel is not particularly diffi-
cult. However, with coil placement into the portal vein during 
EUS-HGS, maintaining the needle tip inside the portal vein 
is difficult because the portal vein around the bile duct is not 
usually dilated. To perform our procedure precisely, the tip of 
the device used for coil insertion must be kept stable inside the 
portal vein. The double-lumen cannula has two lumens: one is 
available for a 0.025-inch guidewire, and the other is available 
for a 0.035-inch guidewire (Fig. 2A). A double-lumen cannula 
with a guidewire inserted through the main port allowed stabi-
lization of the cannula tip inside the portal vein. The procedure 
was shown in Supplementary Video 1. In addition, the place-
ment of multiple coils through the side port was facilitated by 
this method (Fig. 2B, C).  

EUS-guided biliary drainage is mostly regarded as an alter-
native to endoscopic retrograde cholangiopancreatography 
(ERCP).1 In most published articles, EUS-HGS was performed 
for patients in whom placement of transpapillary stents failed. 
However, EUS-HGS was performed prior to the ERCP in the 
current case. For patients with duodenal stenosis, as occasion-
ally seen with pancreatic cancer, re-intervention for stent dys-
function after transpapillary stenting usually becomes difficult. 

In contrast, reintervention after EUS-HGS is easily performed 
if duodenal stenosis is present.2 For these reasons, EUS-HGS 
prior to transpapillary procedures appears feasible, although 
transpapillary stenting was finally achieved in the present case. 

In summary, we have reported the first case in which the pa-
tient was treated with EUS-guided portal vein coiling for trou-
bleshooting a complication of EUS-HGS. 

Supplementary Material 

Supplementary Video 1. A video of procedure (https://doi.org/ 
10.5946/ce.2021.114.v001).

Supplementary materials related to this article can be found 
online at https://doi.org/10.5946/ce.2021.114. 

Conflicts of Interest 

The authors have no potential conflicts of interest. 

Funding 

None. 

Author Contributions 

Conceptualization: SH, KH; Data curation: SH; Investigation: 
SH; Methodology: KH; Project administration: KH; Resources: 
SH, TK, NO, AM, DF, ME; Supervision: KH; Visualization: SH; 
Writing-original draft: SH; Writing-review & editing: KH, NM, 
TK, NO, AM, DF, ME.  

ORCID 

Shin Haba https://orcid.org/0000-0002-7578-5610 
Kazuo Hara https://orcid.org/0000-0002-4699-6136 
Nobumasa Mizuno https://orcid.org/0000-0001-9704-1885 
Takamichi Kuwahara https://orcid.org/0000-0001-8348-8926 
Nozomi Okuno https://orcid.org/0000-0001-6376-687X 
Akira Miyano https://orcid.org/0000-0001-7313-0349 
Daiki Fumihara https://orcid.org/0000-0002-5424-492X 
Moaz Elshair https://orcid.org/0000-0003-2921-7417 

REFERENCES 

1.  Ogura T, Higuchi K. Endoscopic ultrasound-guided hepaticogastros-
tomy: technical review and tips to prevent adverse events. Gut Liver 
2021;15:196–205. 

2.  Okuno N, Hara K, Mizuno N, et al. Efficacy of the 6-mm fully 
covered self-expandable metal stent during endoscopic ultra-

Haba et al. EUS-guided PV coiling to troubleshoot interventional EUS

461

https://doi.org/10.5009/gnl20096
https://doi.org/10.5009/gnl20096
https://doi.org/10.5009/gnl20096
https://doi.org/10.1111/jgh.14112
https://doi.org/10.1111/jgh.14112


sound-guided hepaticogastrostomy as a primary biliary drainage for 
the cases estimated difficult endoscopic retrograde cholangiopan-
creatography: a prospective clinical study. J Gastroenterol Hepatol 
2018;33:1413–1421. 

3.  Oh D, Park DH, Song TJ, et al. Optimal biliary access point and 
learning curve for endoscopic ultrasound-guided hepaticogastrosto-
my with transmural stenting. Therap Adv Gastroenterol 2017;10:42–
53. 

4.  Miyano A, Ogura T, Yamamoto K, et al. Clinical impact of the in-
tra-scope channel stent release technique in preventing stent migra-
tion during EUS-guided hepaticogastrostomy. J Gastrointest Surg 
2018;22:1312–1318. 

5.  Kawakubo K, Isayama H, Kato H, et al. Multicenter retrospective 
study of endoscopic ultrasound-guided biliary drainage for ma-
lignant biliary obstruction in Japan. J Hepatobiliary Pancreat Sci 
2014;21:328–334. 

6.  Moryoussef F, Sportes A, Leblanc S, et al. Is EUS-guided drainage a 
suitable alternative technique in case of proximal biliary obstruction? 
Therap Adv Gastroenterol 2017;10:537–544. 

7.  Levy MJ, Wong Kee Song LM, Kendrick ML, et al. EUS-guided coil 
embolization for refractory ectopic variceal bleeding (with videos). 
Gastrointest Endosc 2008;67:572–574. 

8.  Robles-Medranda C, Oleas R, Valero M, et al. Endoscopic ultraso-
nography-guided deployment of embolization coils and cyanoac-
rylate injection in gastric varices versus coiling alone: a randomized 
trial. Endoscopy 2020;52:268–275. 

9.  Chantarojanasiri T, Sirinawasatien A, Bunchorntavakul C, et al. 
Endoscopic ultrasound-guided vascular therapy for portoduodenal 
fistula. Clin Endosc 2020;53:750–753. 

10. Cho DH, Lee SS, Oh D, et al. Long-term outcomes of a newly de-
veloped hybrid metal stent for EUS-guided biliary drainage (with 
videos). Gastrointest Endosc 2017;85:1067–1075. 

11. Saad WEA, Davies MG, Darcy MD. Management of bleeding after 
percutaneous transhepatic cholangiography or transhepatic biliary 
drain placement. Tech Vasc Interv Radiol 2008;11:60–71. 

12. Winick AB, Waybill PN, Venbrux AC. Complications of percuta-
neous transhepatic biliary interventions. Tech Vasc Interv Radiol 
2001;4:200–206. 

462

https://doi.org/10.1111/jgh.14112
https://doi.org/10.1111/jgh.14112
https://doi.org/10.1177/1756283x16671671
https://doi.org/10.1177/1756283x16671671
https://doi.org/10.1177/1756283x16671671
https://doi.org/10.1007/s11605-018-3758-1
https://doi.org/10.1007/s11605-018-3758-1
https://doi.org/10.1007/s11605-018-3758-1
https://doi.org/10.1007/s11605-018-3758-1
https://doi.org/10.1002/jhbp.27
https://doi.org/10.1002/jhbp.27
https://doi.org/10.1002/jhbp.27
https://doi.org/10.1002/jhbp.27
https://doi.org/10.1177/1756283x17702614
https://doi.org/10.1177/1756283x17702614
https://doi.org/10.1177/1756283x17702614
https://doi.org/10.1016/j.gie.2007.06.063
https://doi.org/10.1016/j.gie.2007.06.063
https://doi.org/10.1016/j.gie.2007.06.063
https://doi.org/10.1055/a-1123-9054
https://doi.org/10.1055/a-1123-9054
https://doi.org/10.1055/a-1123-9054
https://doi.org/10.1055/a-1123-9054
https://doi.org/10.5946/ce.2019.167
https://doi.org/10.5946/ce.2019.167
https://doi.org/10.5946/ce.2019.167
https://doi.org/10.1016/j.gie.2016.09.010
https://doi.org/10.1016/j.gie.2016.09.010
https://doi.org/10.1016/j.gie.2016.09.010
https://doi.org/10.1053/j.tvir.2008.05.007
https://doi.org/10.1053/j.tvir.2008.05.007
https://doi.org/10.1053/j.tvir.2008.05.007
https://doi.org/10.1053/tvir.2001.28465
https://doi.org/10.1053/tvir.2001.28465
https://doi.org/10.1053/tvir.2001.28465


A 45-year-old female patient presented for the evaluation of 
intermittent abdominal pain and weight loss (15 kg over 4 
months). The patient recently underwent a needle biopsy for a 
2 cm-sized mass in the right breast (Fig. 1A) and was diagnosed 
with invasive lobular carcinoma. On endoscopy, diffusely nod-
ular, enlarged folds with hyperemia were observed on the great-
er curvature of the gastric body (Fig. 1B). On air inflation, the 
stomach maintained relatively good distensibility. Endoscopic 
ultrasonography revealed the thickening of the submucosal lay-
er (Fig. 1C). Endoscopic biopsy using a bite-on-bite technique 
revealed only chronic gastritis; therefore, a strip biopsy was 
performed. Discohesive tumor cells had infiltrated the submu-
cosa of the stomach (Fig. 2A), and the tumor cells were immu-
nopositive for gross cystic disease fluid protein-15, human milk 
fat globule protein membrane-2, estrogen receptor, and proges-
terone receptor (Fig. 2B). These results were consistent with the 
histopathological findings of the right breast cancer. Therefore, 
the gastric lesion was diagnosed as a metastasis of breast cancer 
to the stomach. The patient underwent a radical mastectomy for 
right breast cancer, but gastrectomy was impossible owing to the 
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presence of metastatic nodules in the small bowel and perito-
neum. At the time of writing this report, the patient is receiving 
systemic chemotherapy (paclitaxel 175 mg/m2 every 3 weeks). 

Breast cancer is reported to be the second most common 
metastatic cancer of the gastrointestinal tract after lung cancer.1 

The incidence rate of breast cancer metastasis to the stomach is 
<1%. Gastric metastasis from breast cancer shows nonspecific 
endoscopic features such as an elevated mucosal lesion, erosion, 
or ulcer, and it can rarely appear as enlarged folds on endosco-
py, as in the present case.2 In case of such folds, a strip biopsy 
or endoscopy ultrasound-guided fine needle biopsy is sometimes 
needed to obtain adequate tissue sample. Because breast cancer 
metastases to the stomach are morphologically similar to poorly 
cohesive gastric carcinomas, especially in invasive lobular carcino-
ma, an immunohistochemical examination is warranted for a 
definite diagnosis.3 For the treatment of breast cancer metastasis 
to the stomach, systemic agents such as cytotoxic chemothera-
peutic agents or hormonal agents are used. Surgical resection of 
the stomach has a limited role in palliative treatments such as 
relieving obstructive symptoms.1  
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Fig. 1. (A) Breast magnetic resonance imaging shows a 2 cm-sized mass in the right breast (arrow). (B) On endoscopy, diffusely nodular, 
enlarged folds with hyperemia are seen on the greater curvature of the gastric body. On air inflation, the stomach maintains relatively good 
distensibility. (C) Endoscopic ultrasonography reveals the thickening of the submucosal layer.

Fig. 2. (A) Strip biopsy shows that discohesive tumor cells infiltrate the submucosa of the stomach (hematoxylin & eosin, ×40; boxed area: 
hematoxylin & eosin, ×400). (B) The tumor cells are immunopositive for gross cystic disease fluid protein-15 (immunohistochemical stain, 
×200).
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Endoscopic resection of a polyp involving a colonic diverticu-
lum is challenging. As there is no muscularis propria within a 
diverticulum, the potential risk of perforation associated with 
endoscopic resection must be considered.1,2 

A 72-year-old male patient underwent follow-up colonoscopy 
after surgery for rectal cancer. A sessile polyp, 3 mm in size, was 
found in a cecal diverticulum. The underwater method elimi-
nated halation and expanded the diverticulum cavity, making 
it possible to observe the lesion stably (Fig. 1A, Supplementary 
Video 1). Subsequently, underwater cold forceps polypectomy 
(CFP) was performed using Radial Jaw4-Jumbo cold polypec-
tomy forceps (Boston Scientific, Tokyo, Japan) (Fig. 1B, C). Ob-
servation using narrow-band imaging and continuous irrigation 
confirmed that there were no residual lesions or perforations 
(Fig. 1D), and the wound was closed using clips. The pathologi-
cal result was a tubular adenoma (Fig. 2). 

The underwater method made it possible to expand the 
diverticulum cavity and float the lesion, allowing CFP to be 
performed safely.3 Cold biopsy forceps polypectomy was per-
formed to avoid the risk of delayed perforation associated with 
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hot polypectomy.4 This technique may be useful for cold snare 
polypectomy of larger polyps extending into a diverticulum.5 

However, it would not be safe for large polyps involving more 
than one-fourth of a diverticulum. To the best of our knowl-
edge, this is the first reported case of underwater CFP for an 
adenoma within a colonic diverticulum. 

Fig. 1. Underwater cold forceps polypectomy. (A) A sessile polyp 
3 mm in size was found in a cecal diverticulum. The underwater 
method improved polyp visualization. Narrow-band imaging (NBI). 
(B, C) Underwater cold forceps polypectomy was performed. (D) 
Observation using NBI and continuous irrigation confirmed that 
there were no residual lesions or perforation.
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Supplementary Material 

Supplementary Video 1. Underwater cold forceps polypectomy 
for an adenoma within a cecal diverticulum (https://doi.org/ 
10.5946/ce.2021.038.v001).

Supplementary materials related to this article can be found 
online at https://doi.org/10.5946/ce.2021.038.  
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Fig. 2.  Resected specimen (hematoxylin & eosin, ×10). Histopatho-
logical examination revealed a tubular adenoma.
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Quiz 

A 45-year-old man was admitted for the follow-up of benign 
biliary stricture after an episode of severe acute pancreatitis. 
He underwent endoscopic retrograde cholangiography (ERCP) 
three months prior. At that time, biliary sphincterotomy and 
stenting with a 10-Fr 7-cm stent (Cotton-Leung Biliary Stent; 
Cook Medical LLC, Bloomington, IN, USA) were performed, 
without complications. He had been abstinent from alcohol 
for the past eight months. He had no fever or abdominal pain. 
Abdominal examination showed a non-tender, flat abdomen. 
Complete blood count and liver function test results were all 
within normal ranges. Abdominal radiography revealed a bil-
iary stent in the right upper quadrant (Fig. 1A). From abdom-
inal computed tomography, the distal end of the biliary stent 
seemed to be slightly above the ampulla (Fig. 1B). ERCP was 
performed (Fig. 1C, D). 

What is the most likely diagnosis? 

Answer 

The patient was diagnosed with biliary stent migration. Initial 
attempts at stent removal were unsuccessful, despite endoscopic 
papillary balloon dilatation and the use of a stone retrieval bas-
ket, stone extraction balloon, and biopsy forceps. Therefore, a 
5-Fr nasobiliary drainage catheter was inserted. After two days, 
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Fig. 1. (A) Abdominal X-ray showed a biliary stent in the right upper 
quadrant. (B) Abdominal computed tomography revealed the biliary 
stent to be slightly above the ampulla (arrowhead). (C) Examina-
tion with the side-viewing duodenoscope showed evidence of prior 
sphincterotomy but no biliary stent at the bile duct orifice. (D) On 
fluoroscopy, the distal end of the biliary stent was located above the 
ampulla.
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ERCP was repeated. This time, a 0.035-inch guidewire was 
inserted into the stent lumen (Fig. 2A), and a 7-Fr Soehendra 
stent retriever was placed over the guidewire (Fig. 2B). The 
proximal end of the stent retriever was screwed to the distal 
end of the migrated stent (Fig. 2C). Under endoscopic and 
fluoroscopic guidance, both the stent and the stent retriever 
were pulled back slowly (Fig. 2D). When the distal flap of the 
stent was outside the major duodenal papilla, the stent retriev-
er was dislodged and the stent was successfully removed using 
a snare. Cholangiogram showed a persistent biliary stricture. 
Therefore, a 10-Fr 7-cm biliary stent with multiple radial flaps 
(ST-2 Soehendra Tannenbaum Biliary Stent; Cook Medical 
LLC, Bloomington, IN, USA) was placed. The patient was dis-
charged, without complications. A follow-up ERCP was per-
formed three months later showing improvement of the biliary 
stricture. 

Biliary stent migration is one of the late complications of stent 
insertion. This occurs in approximately 5% of biliary stentings.1 
Stent migration is more frequent in benign biliary strictures 
and with single-stent placements.1,2 Proximal biliary stent mi-
gration is associated with short stent length and distal biliary 
stricture.2 It is mostly asymptomatic and often detected during  
ERCP.2,3 However, adverse events can occur, including acute 
cholangitis, jaundice, intestinal obstruction and perforation, 
acute appendicitis, fistula formation, pneumonitis, and hepatic 
perforation.2 Therefore, when detected, a migrated stent should 
be removed. Various accessories can be utilized for the removal 
of a proximally migrated stent: stone extraction balloon cathe-
ter, stone retrieval basket, dilatation balloon, forceps, snare with 

a guidewire, and Soehendra stent retriever with a guidewire.2-5 
In a retrospective multicenter study, the reported success rate 
of proximally migrated biliary stent removal was 71.4%.5 How-
ever, the reported success rate of distally migrated biliary stent 
removal was 100%.5 When a proximally migrated biliary stent 
removal is unsuccessful with the use of the above-mentioned 
accessories, digital single-operator cholangioscopy can be used 
to remove the migrated plastic and metallic biliary stents under 
direct visualization.3 
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Fig. 2. (A) A 0.035-inch guidewire was cannulated into the stent lumen. (B) A 7-Fr Soehendra stent retriever, which was placed over the 
guidewire, was screwed into the distal end of the stent. (C, D) Under endoscopic and fluoroscopic guidance, both the stent and the stent re-
triever were slowly pulled back into the duodenal lumen.
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To the Editor 
We read with interest the following articles published in a 

recent issue of Clinical Endoscopy:1,2 the reports by Higashimori 
et al.1 on the use of surgical masks in transnasal endoscopy and 
Charoenwat et al.2 on Endoshield during transoral endoscopy 
to minimize aerosol scattering. Higashimori’s group had previ-
ously reported the use of surgical masks with a small slit (~10 
mm) at the center during transoral endoscopies and showed 
reduction of aerosol scattering.3 We, like many, have also tried 
ways to minimize the hazards of aerosol-generating procedures 
(AGPs) during the coronavirus disease 2019 (COVID-19) 
pandemic. We previously tried a small transparent plastic 
sheet with a slit at the center placed over the mouth guard, an 
Ambu bag mask with a valve (part of a glove with the tip cut 
off) placed over the mouth guard (Fig. 1A), and a scaffolding 
covered by a transparent plastic (Fig. 1B) similar to the one 
reported by Fujihara et al.4 However, there were several issues 
encountered with these methods, such as making procedures 
cumbersome, claustrophobic, and uncomfortable for patients, 
especially if performed without sedation. Currently, we are us-
ing the mask technique as described by Maruyama et al.,3 which 
we devised independently without prior knowledge of their 

publication. In addition to a single slit, we also used a cross slit (~ 
9-10 mm) placed at the center of the surgical mask, which we 
believe provides a better valve effect than a single horizontal or 
vertical slit (Fig. 1C). To date, we have not had any complaints 
regarding this technique, which is not surprising considering 
that patients are accustomed to wearing masks during the pan-
demic. Higashimori et al.1 placed the mask without covering the 
nostrils during transnasal endoscopy. We posit that it may be 
more effective to adopt the method they had reported earlier,3 
with a small slit (either single or crossed) placed on the mask 
for access to the nostril. 

To date, there have been several publications that have re-
ported the various strategies to minimize hazards of AGPs, 
particularly in upper gastrointestinal endoscopies.2,4-11 Many are 
variations of the head enclosures, including boxes made from 
Perspex referred to as Endoshield,2 Endoscopic shield,5 and En-
doprotector,6 and some with negative pressure.4,7 Other meth-
ods are modifications of the mouth guard. An innovative device 
that is commercially available, the B1 mouthpiece (MPC-ST; 
Fujifilm, Tokyo, Japan), utilizes a sponge-fitted mouth guard 
with a slit for the endoscope attached to a face shield.8 This has 
been shown to reduce aerosol scattering significantly, but not 
for aerosols ≤1.0 µm.8 Hikichi et al.,10 in the latest issue of Clini-
cal Endoscopy, reported on a novel mouthpiece which consisted 
of a conventional mouth guard and a hat-shaped attachment 
that has a large flange that covers the gaps between the mouth 
guard and angles of the mouth. This aerosol droplet guard acts 
as a valve that prevents aerosolized droplets being ejected from 
the mouth.10 There was another report on a very simple tech-
nique using a cut part of a rubber glove placed over the external 
part of the mouthguard to act as a valve.11 We also considered 
this technique, but in our case the valve part was inverted in-
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ward (Fig. 1D). However, we settled on the current and simple 
improvisation with a surgical mask (Fig. 1C). 

Despite the turmoil created by the highly infectious severe 
acute respiratory syndrome coronavirus 2, it is heartening to 
know that many endoscopy fraternities have been working in-
dependently, in this case, to reduce the hazards of AGPs. There 
are likely many other methods, innovations, and professional 
components (i.e., using 3-dimenstional printer)11 that have been 
developed, but not reported. Generally, all reported methods 
have been shown to be effective, albeit not completely elimi-
nating aerosol scattering.1-11 Simple methods utilizing surgical 
masks are cheap and well tolerated, have been shown to reduce 
aerosol scattering, and should perhaps continue to be used 
after the COVID-19 pandemic. In conclusion, the proper use 
of enhanced personal protective equipment by those directly 
involved with AGPs is important. 
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meaningful, data, remarkable preliminary findings before publi-
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Letters to the editor

Any comments or opinions on published papers or suggestions 

for the journal are welcomed.

5. Manuscript preparation
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should be formatted with double line spacing and 10-point font 
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beginning from the title page.

Standard metric units

These units are used to describe length, height, weight, and vol-

ume. The unit of temperature is the degree Celsius (°C). All other 

units are expressed according to the International System of Units 
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Reporting guidelines for specific study designs

Authors are encouraged to consult the reporting guidelines rele-

vant to their specific research design. Good sources of reporting 

guidelines are the EQUATOR Network (https://www.equator-net-

work.org/home/) and the United States National Institutes of 

Health/National Library of Medicine (https://www.nlm.nih.gov/

services/research_report_guide.html).

CONSORT/STROBE/PRISMA: Randomized controlled trials must 

be presented according to the CONSORT guidelines (http://www.

consort-statement.org). Observational studies must be conduct-

ed according to the STROBE guidelines (https://www.strobe-state-

ment.org). Meta-analyses must be presented according to the 

PRISMA guidelines (http://www.prisma-statement.org/PRISMAS-
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Cover letter

A cover letter should inform the editor that neither the submitted 

material nor portions of it have been published previously, or are 

under consideration for publication elsewhere. When more than 

one related manuscript has been published or is under consider-

ation for publication in this or other journals, the authors must 

declare this in their letter and enclose copies of those publications 

for editorial perusal. Failure to do so may lead to automatic rejec-

tion of the submitted manuscript. The corresponding author cer-

tifies that all listed authors participated meaningfully in the study 

and that they have seen and approved the final manuscript.

The manuscript should be in the following order:

Original articles: title page (including ethical statements, conflicts 

of interest, funding, acknowledgments, author contributions), ab-

stract, main body (introduction, methods, results, discussion), ref-

erences, figure legends, tables, and figures.

Review articles: title page (including ethical statements, conflicts 

of interest, funding, acknowledgments, author contributions), ab-

stract, main body (introduction, main text, conclusions), figure 

legends, tables, and figures.

Systematic review and meta-analysis: title page (including ethical 

statements, conflicts of interest, funding, acknowledgments, au-

thor contributions), abstract, main body (introduction, main text, 

conclusions), references, figure legends, tables, and figures.

Editorials: title page (including ethical statements, conflicts of in-

terest, funding, acknowledgments, author contributions), main 

body, references (figure legends, tables, and figures if included).

Case reports: title page (including ethical statements, conflicts of 

interest, funding, acknowledgments, author contributions), ab-

stract, main body (introduction, case report, discussion), referenc-

es, figure legends, tables, and figures. 

Brief reports, Letters to the editor: title page (ethical statements, 

conflicts of interest, funding, acknowledgments, author contribu-

tions), main body, references (figure legends, tables, and figures if 

included).
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limited to 200 words. Abstracts for care reports are limited to 150 

words, without subheadings. Additionally, abstracts for review ar-

ticles are limited to 200 words. The abstract should not contain 

references. Five or fewer keywords should be supplied below the 

abstract and should use terms listed in the Medical Subject Head-

ings (MeSH) database.

Original articles: The rationale for the study and pertinent back-

ground should be outlined in the Introduction. The Introduction 

should not contain the results or conclusions. The Methods 

should outline the scheme of the study, materials, and methods, 

in that order. It should clearly state how the diagnosis of the pa-

tient was confirmed and how the patient was observed. The 

Methods should describe the investigations in sufficient detail so 

that another investigator could repeat the work. Ethical guide-

lines for human or animal studies should be described and the 

registration number of the IRB or institutional animal welfare 

committee approval should be cited. Whether informed consent 

was obtained from the persons involved in the study must be 

stated in the Methods. The Results should be presented in a logi-

cal sequence. Statistical analyses should be appropriate for the 

different measurements. Subheadings may be used in this sec-
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tion. If a table is used, the content should not be repeated in the 

main text. The Discussion considers the results in relation to any 

hypothesis presented in the Introduction. This should emphasize 

new observations. The data provided in the Results should not be 

reiterated.

Review articles: Substantive reviews of systematic and clinical 

topics in gastroenterology will be considered for publication. 

They will be evaluated by peer review of the manuscript before 

consideration for publication. The inclusion of at least one table 

or figure pertaining to the topic is highly recommended.

Systematic review and meta-analysis: The number of authors is 

limited to 14. The maximum word count is 3,500 words. Systemat-

ic review and meta-analysis must answer well-defined research 

questions by critically appraising the current literature. Meta-anal-

ysis should not be performed when the quality of the primary 

studies is suboptimal.

Editorials: This article type should have fewer than three authors 

and should not exceed 1,000 words. No subdivisions are required. 

Tables and figures may be included. The total number of referenc-

es should be limited to a maximum of 10.

Case reports: The format should include Introduction, Case report, 

and Discussion sections similar to those of an original article. The 

maximum word count is 1,500 words. The number of authors is 

limited to eight. The number of references should not exceed 20, 

and there should be no more than five figures.

Brief reports: This article type should not exceed 1,500 words, and 

there should be no more than three tables and figures. The main 

text should not be divided into sections. Informed consent from 

the persons involved must be obtained and stated in the manu-

script. The number of references is limited to ten. Otherwise, the 

format is the same as that for case reports.

Letters to the editor: A reader can file an inquiry or addition and 

authors or editors can comment on it. A letter should amount to 

no more than one printed page. No more than two tables, figures, 

or photographs may be attached.

References

References must be arranged according to the chronological or-

der of their appearance in the manuscript, with the correspond-

ing citation numbers formatted as superscripts. List all authors if 

an article has six or fewer authors. List the first three authors fol-

lowed by “et al.” if an article has seven or more authors. Journal ti-

tles are abbreviated in accordance with the Medline format. 

Non-published articles cannot be cited, but if such information 

has to be cited, the terms “personal communication” or “unpub-

lished article” must be stated in the text. The references should be 

formatted as follows:

Journal articles
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brary of Medicine (https://www.ncbi.nlm.nih.gov/books/NBK7256/).

Tables and figures

Tables require a heading, and figures require a heading and a cap-

tion. Each table and figure must be cited in the text and num-

bered consecutively in Arabic numerals according to the order of 

citation. All non-standard abbreviations must be explained in the 

footnotes below the table. If a symbol is used in a table, footnote 
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[원료약품 및 그 분량] 1캡슐(354mg) 중 [유효성분]: 니자티딘(USP) 150mg, [첨가제]: 옥수수전분, 디메티콘, 상-황색,하-담황색, 전호화분전분, 스테아르산마그네슘  [성상] 백색~회백색의 분말을 충진한 상부황색, 하부담황색의 캅슐제 [효능·효과] 1. 활동성 위·십이지장 궤양 치료 및 십이지장 궤양 재발방지 2. 

내시경상으로 진단된 미란성 및 궤양성 식도염, 위식도 역류질환(GERD)에 기인한 가슴쓰림(heartburn) 증상의 치료 3. 다음 질환의 위점막병변(미란, 출혈, 발적, 부종)의 개선: 급성위염, 만성위염의 급성 악화기 [용법·용량] 1. 활동성 위·십이지장 궤양 치료: 성인은 니타지틴으로서 1회 300mg을 1일 1회 취침시에 

투여하거나, 1회 150mg을 1일 2회 아침, 저녁으로 경구 투여 한다. 대부분 4주 이내에 치유되지만 필요한 경우 8주까지 투여한다. 활동성 위궤양의 경우 악성여부를 반드시 치료전에 확인해야 한다. 2. 십이지장 궤양 재발방지: 성인은 십이지장 궤양 치유 후 1회 150mg을 1일 1회 취침시에 경구투여한다. 치료는 1년까지 

계속될 수 있으며, 그 이상의 장기투여에 대한 결과는 알려져 있지 않다. 3. 위식도역류질환: 성인은 1회 150mg을 1일 2회 아침, 저녁 경구투여한다. 치료는 12주까지 계속될 수 있다. 4. 위점막병변 개선: 성인은 1회 150mg을 1일 2회 아침, 저녁으로 2주간 경구투여한다. 5. 중증 신장기능 부전 환자를 위한 투여량 

조정(제품설명서 참고) [사용상의 주의사항] 1. 금기: 이 약 및 다른 H2-수용체 길항제에 과민증의 병력이 있는 환자. (H2-수용체 길항제에서 교차 감수성이 관찰되었다.) 2. 신중투여 1) 약물 과민증의 병력이 있는 환자 2) 간장애 환자 3) 신장애 환자 (혈중농도가 지속될 수있으므로 투여량을 감소하거나 투여간격을 

두고 사용한다.) [저장방법] 밀폐용기, 실온(1~30°C)보관 [사용기간] 제조일로부터 24개월 [포장단위] 28캡슐/병, 100캡슐/병 [제조자]                      경기도 화성시 향남읍 제약공단4길 35-14 

※ 본 의약품은 엄격한 품질관리를 필한 제품입니다. 만약 구입시 사용기한 또는 유효기간이 지났거나 변질, 변패, 오염되었거나 손상된 의약품은 공정거래위원회 고시(소비자 분쟁해결기준)에 의거, 구입한 약국 및 의약품 판매업자를 통해 교환 또는 환불 받을 수 있습니다.

※ 부작용보고 및 피해구제상담: 한국의약품안전관리원(1644-6223) 대웅 제약 소비자센터(수신자 부담전화): 080-550-8308~9(www.daewoong.co.kr) 자세한 최신의 허가사항은 식약처 의약품통합정보시스템(https://nedrug.mfds.go.kr) 또는 제품설명서를 참조하시기 바랍니다.

액시드캡슐150밀리그람(니자티딘 150mg)

[원료약품 및 그 분량] 1캡슐(354mg) 중 [유효성분]: 니자티딘(USP) 150mg, [첨가제]: 옥수수전분, 디메티콘, 상-황색,하-담황색, 전호화분전분, 스테아르산마그네슘  [성상] 백색~회백색의 분말을 충진한 상부황색, 하부담황색의 캅슐제 [효능·효과] 1. 활동성 위·십이지장 궤양 치료 및 십이지장 궤양 재발방지 2. 

내시경상으로 진단된 미란성 및 궤양성 식도염, 위식도 역류질환(GERD)에 기인한 가슴쓰림(heartburn) 증상의 치료 3. 다음 질환의 위점막병변(미란, 출혈, 발적, 부종)의 개선: 급성위염, 만성위염의 급성 악화기 [용법·용량] 1. 활동성 위·십이지장 궤양 치료: 성인은 니타지틴으로서 1회 300mg을 1일 1회 취침시에 

투여하거나, 1회 150mg을 1일 2회 아침, 저녁으로 경구 투여 한다. 대부분 4주 이내에 치유되지만 필요한 경우 8주까지 투여한다. 활동성 위궤양의 경우 악성여부를 반드시 치료전에 확인해야 한다. 2. 십이지장 궤양 재발방지: 성인은 십이지장 궤양 치유 후 1회 150mg을 1일 1회 취침시에 경구투여한다. 치료는 1년까지 

계속될 수 있으며, 그 이상의 장기투여에 대한 결과는 알려져 있지 않다. 3. 위식도역류질환: 성인은 1회 150mg을 1일 2회 아침, 저녁 경구투여한다. 치료는 12주까지 계속될 수 있다. 4. 위점막병변 개선: 성인은 1회 150mg을 1일 2회 아침, 저녁으로 2주간 경구투여한다. 5. 중증 신장기능 부전 환자를 위한 투여량 

조정(제품설명서 참고) [사용상의 주의사항] 1. 금기: 이 약 및 다른 H2-수용체 길항제에 과민증의 병력이 있는 환자. (H2-수용체 길항제에서 교차 감수성이 관찰되었다.) 2. 신중투여 1) 약물 과민증의 병력이 있는 환자 2) 간장애 환자 3) 신장애 환자 (혈중농도가 지속될 수있으므로 투여량을 감소하거나 투여간격을 

두고 사용한다.) [저장방법] 밀폐용기, 실온(1~30°C)보관 [사용기간] 제조일로부터 24개월 [포장단위] 28캡슐/병, 100캡슐/병 [제조자]                      경기도 화성시 향남읍 제약공단4길 35-14 

※ 본 의약품은 엄격한 품질관리를 필한 제품입니다. 만약 구입시 사용기한 또는 유효기간이 지났거나 변질, 변패, 오염되었거나 손상된 의약품은 공정거래위원회 고시(소비자 분쟁해결기준)에 의거, 구입한 약국 및 의약품 판매업자를 통해 교환 또는 환불 받을 수 있습니다.

※ 부작용보고 및 피해구제상담: 한국의약품안전관리원(1644-6223) 대웅 제약 소비자센터(수신자 부담전화): 080-550-8308~9(www.daewoong.co.kr) 자세한 최신의 허가사항은 식약처 의약품통합정보시스템(https://nedrug.mfds.go.kr) 또는 제품설명서를 참조하시기 바랍니다.
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TAKE CHARGE OF YOUR IBD PATIENTS WITH STELARA®

For the treatment of adult patients with
moderately-to-severely active UC 2-4

and  moderately-to-severely active CD.1,3,4

STELARA® IV (ustekinumab)
[Indications] [Adults] 1. Crohn’s Disease: STELARA® is indicated for the treatment of moderately to severely active Crohn’s disease in adults who have failed or were intolerant to or have medical contraindications to corticosteroids or immunomodulators, or anti-TNFα treatment. 2. Ulcerative colitis: STELARA® is indicated for the treatment of 
moderately to severely active ulcerative colitis in adults who have failed or were intolerant to or have medical contraindications to corticosteroids or immunomodulators, or biologics (anti-TNFα or anti-integrin). [Dosage and Administration] – Induction therapy: The recommended treatment regimen is a single intravenous (IV) tiered dose of 
STELARA® IV based on body weight at Week 0: 260 mg (for patients weighing 55 kg or less), 390 mg (more than 55 kg to 85 kg), or 520 mg (more than 85 kg) – Maintenance therapy: In patients who received induction therapy, it is recommended to treat with 90mg STELARA® prefilled syringe or STELARA® subcutaneous dosing at Week 8 after the 
initial intravenous dose, then every 12 weeks thereafter. Patients who have not shown adequate response or who lose response from 8 weeks after the first subcutaneous dose, may receive 90mg subcutaneous dosing every 8 weeks. [Warnings and Precautions] 1. Contraindication: Severe hypersensitivity to ustekinumab or to any of the excipients 2. 
Careful administration: 1) Pregnancy, Breast-feeding 2) Patients with a history of latent or active tuberculosis [Storage] Store in a refrigerator (2°C-8°C). Protect from light. [Importer] Janssen Korea Ltd. [Revision Date] 2021-02-02

STELARA® prefilled syringe (ustekinumab)
[Indications] [Adults] 1. Plaque Psoriasis: STELARA® is indicated for the treatment of psoriasis in adults who are 18 years and older with moderate to severe plaque psoriasis who are candidates for phototherapy or systemic therapy. 2. Psoriatic Arthritis: STELARA® is indicated for the treatment of active psoriatic arthritis in adult patients when the 
response to previous DMARDs therapy has been inadequate. Inhibition of the progression of structural damage for TNF-α inhibitor naïve psoriatic arthritis patients (X-ray test result). STELARA® may be used alone or combined with methotrexate. 3. Crohn’s Disease: STELARA® is indicated for the treatment of moderately to severely active Crohn’s 
disease in adults who have failed or were intolerant to or have medical contraindications to corticosteroids or immunomodulators, or anti-TNFα treatment. 4. Ulcerative colitis: STELARA® is indicated for the treatment of moderately to severely active ulcerative colitis in adults who have failed or were intolerant to or have medical contraindications 
to corticosteroids or immunomodulators, or biologics (anti-TNFα or anti-integrin). [Pediatrics] 1. Pediatric Plaque Psoriasis (≥6 years old): STELARA® is indicated for the treatment of psoriasis in pediatric patients age 6 years and older with moderate to severe plaque psoriasis who are candidates for phototherapy or systemic therapy. [Dosage and 
Administration] [Adults] 1. Plaque psoriasis and Psoriatic arthritis: This drug should be administered by subcutaneous injection. The recommended dose of this drug is 45 mg (for patients weighing 100 kg or less) or 90 mg (more than 100 kg) administered at Weeks 0 and 4, then every 12 weeks thereafter. 2. Crohn’s disease and Ulcerative colitis: 
This drug is for subcutaneous injection only during the maintenance therapy. In patients who received induction therapy, it is recommended to treat with 90mg subcutaneous dosing 8 weeks later, then every 12 weeks thereafter. Patients who have not shown adequate response or who lose response from 8 weeks after the first subcutaneous dose, 
may receive 90mg subcutaneous dosing every 8 weeks. [Pediatrics] 1. Pediatric Plaque Psoriasis (6 years and older): The recommended dose of this drug is 0.75 mg/kg (for patients weighing less than 60 kg; vial), 45 mg (60 kg to 100 kg), or 90 mg (more than 100 kg) administered at Weeks 0 and 4, then every 12 weeks thereafter. [Warnings and 
Precautions] 1. Contraindication: Severe hypersensitivity to ustekinumab or to any of the excipients 2. Careful administration: 1) Pregnancy, Breast-feeding 2) Patients with a history of latent or active tuberculosis [Storage] Store in a refrigerator (2°C-8°C). Protect from light. [Importer] Janssen Korea Ltd. [Revision Date] 2021-02-02
※The registration status and approved product labels of STELARA® may not be the same in different countries. Please refer to your local Prescribing Information for full details.

References 1. Sandborn WJ, et al. Clin Gastroenterol Hepatol. 2021. doi: 10.1016/j.cgh.2021.02.025. 
2. Panaccione R, et al. Aliment Pharmacol Ther. 2020;52:1658-1675. 3. Stelara® IV product information. (Lastly update on 2021.02.02). 
4. Stelara® prefilled syringe product information. (Lastly update on 2021.02.02).

25th floor, 92, Hangang-daero, Yongsan-gu, Seoul, Republic of Korea
Tel. 02.2094.4500 I www.janssen.com/korea
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For the treatment of adult patients with
moderately-to-severely active UC 2-4

and  moderately-to-severely active CD.1,3,4

STELARA® IV (ustekinumab)

[Indications] [Adults] 1. Crohn’s Disease: STELARA® is indicated for the treatment of moderately to severely active Crohn’s disease in adults who have failed or were intolerant t ARA®

moderately to severely active ulcerative colitis in adults who have failed or were intolerant to or have medical contraindications to corticosteroids or immunomodulators, or biologics (anti-TNFα or anti-integrin). [Dosage and Administration]
STELARA® IV based on body weight at Week 0: 260 mg (for patients weighing 55 kg or less), 390 mg (more than 55 kg to 85 kg), or 520 mg (more than 85 kg) – Maintenance therapy: In patients who received induction therapy, it is recommended to treat with 90mg STELARA® prefilled syringe or STELARA®

initial intravenous dose, then every 12 weeks thereafter. Patients who have not shown adequate response or who lose response from 8 weeks after the first subcutaneous dose, may receive 90mg subcutaneous dosing every 8 weeks. [Warnings and Precautions]
Careful administration: 1) Pregnancy, Breast-feeding 2) Patients with a history of latent or active tuberculosis [Storage] Store in a refrigerator (2°C-8°C). Protect from light. [Importer] Janssen Korea Ltd. [Revision Date] 2021-02-02

STELARA® prefilled syringe (ustekinumab)

[Indications] [Adults] 1. Plaque Psoriasis: STELARA® is indicated for the treatment of psoriasis in adults who are 18 years and older with moderate to severe plaque psoriasis who are candidates for phototherapy or systemic therapy. 2. Psoriatic Arthritis: STELARA®

response to previous DMARDs therapy has been inadequate. Inhibition of the progression of structural damage for TNF-α inhibitor naïve psoriatic arthritis patients (X-ray test result). STELARA® may be used alone or combined with methotrexate. 3. Crohn’s Disease: STELARA®

disease in adults who have failed or were intolerant to or have medical contraindications to corticosteroids or immunomodulator ® is indicated for the treatment of moderately to severely active ulcerative colitis in adults who have failed or were intolerant to or have medical contraindications 
to corticosteroids or immunomodulators, or biologics (anti-TNFα or anti-integrin). [Pediatrics] 1. Pediatric Plaque Psoriasis (≥6 years old): STELARA® [Dosage and 
Administration] [Adults] 1. Plaque psoriasis and Psoriatic arthritis: This drug should be administered by subcutaneous injection. The recommended dose of this drug is 45 mg (for patients weighing 100 kg or less) or 90 mg (more than 100 kg) administered at Weeks 0 and 4
This drug is for subcutaneous injection only during the maintenance therapy. In patients who received induction therapy, it is recommended to treat with 90mg subcutaneous dosing 8 weeks later, then every 12 weeks thereafter. Patients who have not shown a
may receive 90mg subcutaneous dosing every 8 weeks. [Pediatrics] 1. Pediatric Plaque Psoriasis (6 years and older): The recommended dose of this drug is 0.75 mg/kg (for patients weighing less than 60 kg; vial), 45 mg (60 kg to 100 kg), or 90 mg (more than 100 kg) administered at Weeks 0 and 4, then every 12 weeks thereafter. [Warnings and 
Precautions] 1. Contraindication: Severe hypersensitivity to ustekinumab or to any of the excipients 2. Careful administration: 1) Pregnancy, Breast-feeding 2) Patients with a history of latent or active tuberculosis [Storage] Store in a refrigerator (2°C-8°C). Protect from light. [Importer] Janssen Korea Ltd. [Revision Date] 2021-02-02

※The registration status and approved product labels of STELARA® may not be the same in different countries. Please refer to your local Prescribing Information for full details.

References 1. Sandborn WJ, et al. Clin Gastroenterol Hepatol. 2021. doi: 10.1016/j.cgh.2021.02.025. 

2. Panaccione R, et al. Aliment Pharmacol Ther. 2020;52:1658-1675. 3. Stelara® IV product information. (Lastly update on 2021.02.02). 

4. Stelara® prefilled syringe product information. (Lastly update on 2021.02.02).

25th floor, 92, Hangang-daero, Yongsan-gu, Seoul, Republic of Korea
Tel. 02.2094.4500 I www.janssen.com/korea
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[Indications] [Adults] 1. Crohn’s Disease: STELARA® is indicated for the treatment of moderately to severely active Crohn’s disease in adults who have failed or were intolerant t ARA®

moderately to severely active ulcerative colitis in adults who have failed or were intolerant to or have medical contraindications to corticosteroids or immunomodulators, or biologics (anti-TNFα or anti-integrin). [Dosage and Administration]
STELARA® IV based on body weight at Week 0: 260 mg (for patients weighing 55 kg or less), 390 mg (more than 55 kg to 85 kg), or 520 mg (more than 85 kg) – Maintenance therapy: In patients who received induction therapy, it is recommended to treat with 90mg STELARA® prefilled syringe or STELARA®

initial intravenous dose, then every 12 weeks thereafter. Patients who have not shown adequate response or who lose response from 8 weeks after the first subcutaneous dose, may receive 90mg subcutaneous dosing every 8 weeks. [Warnings and Precautions]
Careful administration: 1) Pregnancy, Breast-feeding 2) Patients with a history of latent or active tuberculosis [Storage] Store in a refrigerator (2°C-8°C). Protect from light. [Importer] Janssen Korea Ltd. [Revision Date] 2021-02-02

STELARA® prefilled syringe (ustekinumab)

[Indications] [Adults] 1. Plaque Psoriasis: STELARA® is indicated for the treatment of psoriasis in adults who are 18 years and older with moderate to severe plaque psoriasis who are candidates for phototherapy or systemic therapy. 2. Psoriatic Arthritis: STELARA®

response to previous DMARDs therapy has been inadequate. Inhibition of the progression of structural damage for TNF-α inhibitor naïve psoriatic arthritis patients (X-ray test result). STELARA® may be used alone or combined with methotrexate. 3. Crohn’s Disease: STELARA®

disease in adults who have failed or were intolerant to or have medical contraindications to corticosteroids or immunomodulator ® is indicated for the treatment of moderately to severely active ulcerative colitis in adults who have failed or were intolerant to or have medical contraindications 
to corticosteroids or immunomodulators, or biologics (anti-TNFα or anti-integrin). [Pediatrics] 1. Pediatric Plaque Psoriasis (≥6 years old): STELARA® [Dosage and 
Administration] [Adults] 1. Plaque psoriasis and Psoriatic arthritis: This drug should be administered by subcutaneous injection. The recommended dose of this drug is 45 mg (for patients weighing 100 kg or less) or 90 mg (more than 100 kg) administered at Weeks 0 and 4
This drug is for subcutaneous injection only during the maintenance therapy. In patients who received induction therapy, it is recommended to treat with 90mg subcutaneous dosing 8 weeks later, then every 12 weeks thereafter. Patients who have not shown a
may receive 90mg subcutaneous dosing every 8 weeks. [Pediatrics] 1. Pediatric Plaque Psoriasis (6 years and older): The recommended dose of this drug is 0.75 mg/kg (for patients weighing less than 60 kg; vial), 45 mg (60 kg to 100 kg), or 90 mg (more than 100 kg) administered at Weeks 0 and 4, then every 12 weeks thereafter. [Warnings and 
Precautions] 1. Contraindication: Severe hypersensitivity to ustekinumab or to any of the excipients 2. Careful administration: 1) Pregnancy, Breast-feeding 2) Patients with a history of latent or active tuberculosis [Storage] Store in a refrigerator (2°C-8°C). Protect from light. [Importer] Janssen Korea Ltd. [Revision Date] 2021-02-02

※The registration status and approved product labels of STELARA® may not be the same in different countries. Please refer to your local Prescribing Information for full details.

References 1. Sandborn WJ, et al. Clin Gastroenterol Hepatol. 2021. doi: 10.1016/j.cgh.2021.02.025. 

2. Panaccione R, et al. Aliment Pharmacol Ther. 2020;52:1658-1675. 3. Stelara® IV product information. (Lastly update on 2021.02.02). 

4. Stelara® prefilled syringe product information. (Lastly update on 2021.02.02).
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BONASTENT® Esophageal
BONASTENT® Esophageal with ARV

BONASTENT® M-Hialr

BONASTENT® Biliary
BONA-SHIMSTENT® Biliary Covered
BONA-SHIMSTENT® Biliary with Lasso

BONASTENT® Pyloric/Duodenal
BONASTENT® Colo-Rectal

BONASTENT® Pyloric Wave

BONASTENT® M-Intraductal
BONASTENT® M-Intraductal 12

BONASTENT® Hybrid
BONASTENT® DEUS

BONASTENT® AL BONASTENT® SOO



Ⓡ A trademark of ZERIA Pharmaceutical Co., Ltd., Japan

Summary of Prescribing information

【Product name in Korea】 Promac tablet(polaprezinc) 【Active ingredient and its content】 Polaprezinc(in house) 75mg/tab. 【Indication and usage】 1. Gastric ulcer 2. For improvement 

of gastric mucosal lesion(erosion, bleeding, erythema, edema) induced by acute gastritis and exacerbation of chronic gastritis 【Dosage and administration】 The recommended dose 

for adults is polaprezinc 75mg(1 tab.) twice daily after breakfast and before bedtime  Revised: May, 3. 2017 

※ Please refer to the package insert for further details. For the latest information, refer to 'Ministry of Food and Drug Safety. (http://drug.mfds.go.kr)'

Reference  Promac tab Appproval data, Ministry of Food and Drug Safety [Cited 2021.02.25] Available from: https://nedrug.mfds.go.kr/

310(Sampyeong-dong), Pangyo-ro, Bundang-gu, Seongnam-si, Gyeonggi-do 13494, Korea Tel. +82-80-021-3131 
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Polaprezinc 75mg







메자반트엑스엘장용정 1200밀리그램 (메살라진)

【원료약품 및 그 분량】  1정 (1,385mg) 중, 주성분: 메살라진(별규) 1,200.0mg 【성상】 적갈색 타원형의 서방형 장용필름코팅정제 【효능·효과】 경증 및 중등증의 활동성 궤양성 대장염의 치료 및 치료유지 【용법·용량】 성인 1. 증상의 치료 : 1일 1회, 1회 2~4정(2.4g~4.8g)을 식사와 함께 복용한다. 1일 최대 투여량 4.8g
은 저용량에서 반응하지 않는 환자에게 복용하도록 한다. 2. 치료 유지 : 1일 1회, 1회 2정(2.4g)을 식사와 함께 복용한다. 소아(50kg 초과하는 만 10세 이상) 1. 증상의 치료 : 1일 1회, 1회 2~4정(2.4g~4.8g)을 식사와 함께 8주간 복용한다. 2. 치료 유지 : 1일 1회, 1회 2정(2.4g)을 식사와 함께 복용한다. 3. 소아에 대한 
안전성 및 유효성 자료가 확립되지 않았기 때문에 50kg 이하인 만 10세 미만의 소아환자에서 사용할 수 없다. 이 약은 씹거나 부수어서는 안 되며 음식과 함께 복용한다. 【제품설명서】 자세한 의약품 정보는 식약처 의약품 안전나라 (https://nedrug.mfds.go.kr)를 참조하십시오. 【사용상의 주의사항】 1. 다음 환자에는 
투여하지 말 것 1) 이 약, 이 약의 성분, 살리실산 또는 살리실산염에 과민증이 있는 환자 2) 중증의 간장애 또는 중증의 신장애 환자 3) 소화성 궤양 환자 4) 혈액응고장애 환자 5) 24개월 미만의 영아 2. 다음 환자에는 신중히 투여할 것 1) 만성 폐 기능부전, 특히 천식환자 2) 다른 약물(설파살라진 등)에 과민증인 환자 
(설파살라진과 메살라진 간에 교차 과민 반응이 나타날 수 있다.) 【개정년월일】 2021년 6월 17일

C-APROM/KR/MEZ/0037 Date of Preparation Jul/2021

Copyright © 2021 Takeda Pharmaceutical Company Limited. All rights reserved. Takeda and the Takeda Logo are trademarks of Takeda Pharmaceutical Company Limited, used under license.  
All trademarks are the property of their respective owners.
한국다케다제약(주) | 서울특별시 송파구 올림픽로 300 롯데월드타워 37층 (05551) 대표 번호: 02-3484-0800 
* 의약정보문의: tel) 080-908-0971 e-mail) medinfoAPAC@takeda.com * 이상사례보고 AE.SouthKorea@takeda.com 
* The information on this material is intended for healthcare professionals only
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Maintaining disease control is
the ultimate goal:

오랜 치료 여정을 

휴미라Ⓡ가 함께합니다.
15년 이상의 경험을 가진 휴미라Ⓡ가 

환자들과 함께합니다.1

Many years with
conventional therapy

Achieving disease control
with HUMIRAⓇ2

Maintaining disease
control with HUMIRAⓇ2

【제품명】 휴미라펜주 40mg/0.4ml, 휴미라프리필드시린지주 40mg/0.4ml, 휴미라프리필드시린지주 20mg/0.2ml (아달리무맙, 유전자재조합) 【효능•효과】 성인 1. 류마티스 
관절염: 메토트렉세이트를 포함한 DMARDs(disease-modifying anti-rheumatic drugs)에 대한 반응이 적절하지 않은 성인의 중등도에서 중증의 활동성 류마티스 관절염의 치료. 
이전에 메토트렉세이트로 치료받지 않은 성인의 중증의 활동성 및 진행성 류마티스 관절염의 치료. 이 약은 단독투여 또는 메토트렉세이트나 다른 DMARDs와 병용 투여할 수 
있다. 메토트렉세이트에 내약성이 없거나 지속적인 병용투여가 부적절한 경우에는 단독 투여한다. 이 약과 메토트렉세이트와의 병용투여는 관절손상 진행속도를 감소시키고
(X-선측정 결과) 신체활동기능을 향상시킨다. 2. 건선성 관절염: 이전에 DMARDs(disease-modifying anti-rheumatic drugs)에 대한 반응이 적절하지 않은 성인의 활동성 및 진행성 
건선성 관절염의 치료. 이 약은 다발성, 대칭성 아형을 지닌 환자의 말초 관절손상 진행속도를 감소시키고(X-선측정 결과), 신체활동기능을 향상시킨다. 3. 축성 척추관절염: (1)
강직성 척추염: 기존 치료에 대한 반응이 적절하지 않은 성인의 중증의 강직성 척추염의 치료, (2)방사선학적으로 강직성 척추염이 확인되지 않는 중증 축성 척추관절염: 
방사선학적 검사에서 강직성 척추염이 확인되지 않으나, 상승된 CRP 수치 및/또는 MRI상 객관적인 염증의 징후를 보이는 중증 축성 척추관절염의 치료. 이 약은 비스테로이드성 
항염증제(NSAIDs) 약물에 대한 반응이 적절하지 않거나, 불내성인 환자에 사용한다. 4. 성인 크론병(만 18세 이상): 코르티코스테로이드제나 면역억제제 등의 치료에 반응을 
나타내지 않거나, 내약성이 없는 경우 또는 이러한 치료방법이 금기인 중등도에서 중증의 활성 크론병의 치료. 유도 요법의 경우 이 약은 코르티코스테로이드제와 병용투여한다. 
코르티코스테로이드제에 내약성이 없거나, 지속적인 병용투여가 부적절한 경우 단독투여할 수 있다. 5. 건선: 전신치료 또는 광선요법이 필요한 성인의 중등도에서 중증의 만성 
판상 건선의 치료. 6. 궤양성 대장염: 코르티코스테로이드 및 6-MP(6-mercaptopurine) 또는 AZA(azathioprine)를 포함한 통상적인 치료에 대해 반응이 적절하지 않거나 내약성이 
없는 경우 또는 이러한 치료방법이 금기인 성인의 중등도에서 중증의 활성 궤양성 대장염의 치료. 7. 베체트 장염: 스테로이드 또는 면역억제제 등의 통상적인 치료에도 적절한 
반응이 나타나지 않는 베체트 장염의 치료. 8. 화농성 한선염: 기존의 전신 요법에 적절한 반응을 나타내지 않는 중등도에서 중증의 활성 화농성 한선염의 치료. 9. 포도막염: 
코르티코스테로이드에 적절한 반응을 나타내지 않은 성인의 비-감염성 중간 포도막염, 후포도막염 및 전체포도막염의 치료. 소아 1. 소아 크론병(만 6~만 17세): 일차 영양요법, 
코르티코스테로이드, 면역조절제 등의 치료에 적절한 반응을 나타내지 않거나, 내약성이 없는 경우 또는 이러한 치료방법이 금기인 소아 환자(만 6~만 17세)에서 중등도에서 중증의 
활성 크론병의 치료. 2. 소아 특발성 관절염: (1) 다관절형 소아 특발성 관절염: 하나 이상의 DMARDs(disease-modifying anti-rheumatic drugs)에 대해 부적절한 반응을 보인 만 2
세 이상의 소아 및 청소년에서 활성 다관절형 소아 특발성 관절염의 치료. (2) 골부착부위염 관련 관절염: 기존 치료에 적절한 반응을 나타내지 않거나 내약성이 없는 만 6세 이상 
어린이 및 청소년의 활성 골부착부위염 관련 관절염의 치료. 3. 소아 판상 건선: 국소 치료 및 광선요법에 적절한 반응을 나타내지 않거나 해당 치료가 부적절한 만 4세 이상의 어린이 
및 청소년의 중증 만성 판상 건선의 치료. 【용법•용량】 환자가 자가 주사하는 것이 적절하며 필요시 치료 추적이 가능하다고 의사가 판단하는 경우, 환자는 주사방법에 대한 교육을 
받은 후 이 약을 자가 주사할 수 있다. 80 mg의 투여는 하루에 40 mg을 2 번 주사한다. 160 mg의 투여는 하루에 40 mg을 4 번 주사하거나, 이틀에 걸쳐 40 mg을 2 번씩 주사할 
수 있다. 성인 1. 류마티스 관절염: 성인 류마티스 관절염 환자에 대한 이 약의 권장 용량은 아달리무맙 40 mg을 2주에 1회 피하 주사한다. 이 약을 투여하는 동안 메토트렉세이트의 
병용투여를 유지한다. 글루코코르티코이드, 살리실산염, 비스테로이드성항염증제(NSAIDs), 진통제, 다른 DMARDs의 병용투여를 유지할 수 있다. 단독요법의 경우 이 약에 대한 
반응이 감소한 환자는 40 mg 매주 투여 또는 80mg 격주 투여로 증량하면 유용한 효과를 얻을 수 있다. 2. 건선성 관절염, 강직성 척추염 및 방사선학적으로 강직성 척추염이 
확인되지 않는 중증 축성 척추관절염: 건선성 관절염, 강직성 척추염 및 방사선학적으로 강직성 척추염이 확인되지 않는 중증 축성 척추관절염 환자에 대한 이 약의 권장 용량은 
아달리무맙 40 mg을 2주에 1회 피하 주사한다. 상기 효능효과에 대해 임상적인 반응은 보통 치료 12주 이내에 나타나며, 이 기간 내에 반응을 나타내지 않는 환자의 경우에는 투여 
지속여부를 신중히 재고한다. 3. 성인 크론병: 성인 중등도에서 중증 크론병에 대한 이 약의 권장 용량은 첫 주에 아달리무맙 80 mg을 투여하고 첫 투여 후 2주 후에 40 mg을 
투여한다. 빠른 효과를 얻어야 할 필요가 있는 경우에는, 유도 요법동안 이상 반응에 대한 위험성이 증가한다는 것을 알리고, 첫 주에 160 mg을 투여하고 첫 투여 후 2주 후에 80 mg
을 투여할 수 있다. 유도요법의 경우 이 약은 코르티코스테로이드제와 병용 투여한다. 코르티코스테로이드제에 내약성이 없거나, 지속적인 병용투여가 부적절한 경우 단독 투여할 
수 있다. 유도 요법 후, 아달리무맙 40 mg을 2주에 1회 피하 주사한다. 만약 투여를 중지하고 재발의 증상과 징후가 나타나면 이 약을 재투여 할 수 있다. 8주 이상의 투여 중지 후 
재투여에 대한 경험은 거의 없다. 유지 요법 동안 임상 지침에 따라 코르티코스테로이드제의 투여를 서서히 줄일 수 있다. 이 약에 대한 반응이 감소한 환자는 40 mg 매주 투여 또는 
80mg 격주 투여로 증량하면 유용한 효과를 얻을 수 있다. 4주까지 반응을 보이지 않는 환자의 경우 12주까지 투여하여 반응을 나타낼 수 있다. 이 기간 내에 반응을 나타내지 않는 
환자의 경우에는 투여 지속여부를 신중히 재고한다. 4. 건선: 성인에 대한 이 약의 권장 용량은 첫 회에 아달리무맙 80 mg을 피하로 투여하고, 이어서 첫 투여 후 1주일 후에 40 mg
을 격주로 투여한다. 16주 이내에 반응을 나타내지 않는 환자의 경우에는 투여 지속여부를 신중히 재고한다. 충분한 반응이 나타나지 않는 환자는 40mg 매주 투여 또는 80mg 격주 
투여로 증량하여 유용한 효과를 얻을 수 있다. 증량 후 충분한 반응이 나타나지 않는 환자의 경우에는 이 약의 지속적 40mg 매주 투여 또는 80mg 격주 투여의 유용성과 위험성을 
신중히 재고한다. 5. 궤양성 대장염: 성인 중등도에서 중증의 궤양성 대장염에 대한 이 약의 권장 용량은 아달리무맙 160 mg을 투여하고 첫 투여 2주 후에 80 mg을 투여하는 것이다. 
유도 요법 후 40 mg을 격주로 피하 주사한다. 유지 요법 동안 임상 지침에 따라 코르티코스테로이드제의 투여를 서서히 줄일 수 있다. 이 약에 대한 반응이 감소한 환자 중 일부는 
40 mg 매주 투여 또는 80mg 격주 투여로 증량하여 유용한 효과를 얻을 수 있다. 지금까지 나온 데이터에 따르면 임상 반응은 대체로 투여 2 ~8주 이내에 도달한다. 이 기간 내에 
반응을 보이지 않은 환자의 경우 투여 지속여부를 신중히 재고한다. 6. 베체트 장염: 성인에 대한 이 약의 권장 용량은 첫 회에 160 mg을 피하로 투여하고 이어서 첫 투여 2주 후에 
80 mg을 투여한다. 첫 투여 4주 후부터는 40 mg을 격주로 투여한다. 12주 이내에 반응을 나타내지 않는 환자의 경우에는 투여 지속 여부를 신중히 재고한다. 7. 화농성 한선염: 이 
약의 권장용량은 첫 회에 160 mg을 피하로 투여하고, 이어서 첫 투여 2주 후에 80 mg을 투여한다. 첫 투여 4주 후부터는 40 mg을 매주 투여 또는 80mg을 격주 투여한다. 필요 시, 
이 약의 치료 기간 동안 항생제를 계속 투여할 수 있다. 12주 이내에 반응을 나타내지 않는 환자의 경우에는 투여 지속 여부를 신중히 재고한다. 치료를 중단해야 하는 경우, 40 mg 

매주 투여 또는 80mg 격주 투여로 재투여할 수 있다. 8. 포도막염: 성인에 대한 이 약의 권장 용량은 첫 회 80 mg 투여하고 이어서 첫 투여 1주 후부터 40 mg을 격주로 투여한다. 
이 약은 단독 또는 코르티코스테로이드 또는 면역억제제 (생물학적 면역억제제 제외)와 병용하여 사용할 수 있다. 코르티코스테로이드는 임상 경험에 따라 양을 줄일 수 있다. 소아 
1. 소아 크론병: 만 6세 이상의 소아 크론병 환자에서 이 약의 권장 투여 용량은 체중을 기반으로 한다. 이 약은 피하 투여한다.

체중(kg) 유도 용량 유지 용량

40kg 미만
•   첫 주에 40mg 투여하고 첫 투여 후 2주 후에 20mg 투여 
•  빠른 효과를 얻어야 할 필요가 있는 경우에는, 고용량의 유도요법 동안 이상사례에 대한 위험성이 증가한다는 것을 알리고 아래 용량을 

투여할 수 있다. - 첫 주에 80mg 투여하고, 첫 투여 후 2주 후에 40mg 투여
20mg 격주 투여

40kg 이상
• 첫 주에 80mg 투여하고 첫 투여 후 2주 후에 40mg 투여
•  빠른 효과를 얻어야 할 필요가 있는 경우에는, 고용량의 유도요법 동안 이상사례에 대한 위험성이 증가한다는 것을 알리고 아래 용량을 

투여할 수 있다. - 첫 주에 160mg 투여하고, 첫 투여 후 2주 후에 80mg 투여
40mg 격주 투여

충분한 반응이 나타나지 않는 환자의 경우 증량하여 유용한 효과를 얻을 수 있다. • 40 kg 미만: 20mg 매주 투여 • 40 kg 이상: 40mg 매주 투여 또는 80mg 격주 투여. 12
주까지 반응을 나타내지 않는 환자의 경우에는 투여 지속 여부를 신중히 재고한다. 2. 소아 특발성 관절염: (1) 다관절형 소아 특발성 관절염: 이 약은 만 2세 미만 소아 또는 체중 
10kg 미만 환자를 대상으로 연구된 바 없다. 이 약의 권장 투여 용량은 체중을 기반으로 한다. 이 약은 메토트렉세이트와 병용하여 투여한다. 메토트렉세이트에 내약성이 없거나 
메토트렉세이트와 함께 지속적으로 투여하는 것이 부적절할 경우에는 이 약을 단독요법으로 투여할 수 있다.

체중 (kg) 용량
10kg 이상 30kg 미만 20mg 격주 투여

30kg 이상 40mg 격주 투여

지금까지 나온 데이터에 따르면 임상 반응은 대체로 투여 12주 이내에 도달한다. 이 기간 내에 반응을 보이지 않은 환자의 경우 투여 지속여부를 신중히 재고한다. (2) 골부착부위염 
관련 관절염: 만 6세 이상의 골부착부위염 관련 관절염 환자에 대한 이 약의 권장 투여 용량은 체중을 기반으로 한다. 

체중 (kg) 용량
15kg 이상 30kg 미만 20mg 격주 투여

30kg 이상 40mg 격주 투여

이 약은 만 6세 미만의 골부착부위염 관련 관절염 환자를 대상으로 연구된 바 없다. 3. 소아 판상 건선: 소아 판상 건선에 대한 이 약의 권장 투여 용량은 체중을 기반으로 한다. 16주 
이후에도 반응을 나타내지 않는 환자의 경우에는 투여 지속여부를 신중히 재고한다. 

체중 (kg) 용량
15kg 이상 30kg 미만 20mg을 처음 2회는 매주 피하주사하고, 이후에는 격주 투여

30kg 이상 40mg을 처음 2회는 매주 피하주사하고, 이후에는 격주 투여

만약 이 약으로 다시 치료할 경우, 위에서 제시한 용량과 치료기간을 따라야 한다. 소아 판상 건선으로 만 4세 미만의 어린이에게 이 약을 사용한 적은 없다. [주요 사용상의 주의사항] 
1. 경고 1) 감염: 이 약의 투여 전, 투여 동안 및 투여 후 결핵을 포함한 감염에 대해 면밀히 모니터링해야 한다. ① 심각한 감염 ② 결핵 ③ 기타 기회감염 2) 악성종양과 림프증식성 
질환 3) B형 간염 재활성화 4) 신경학적 반응 2. 다음 환자에는 투여하지 말 것 1) 이 약 또는 이 약의 성분에 과민증인 환자 2) 활동성 결핵 또는 패혈증, 기회감염과 같은 다른 중증 
감염이 있는 환자 3) 중등도 내지 중증의 심부전(NYHA class III/IV) 환자 【제조원】 제조의뢰자: AbbVie Deutschland GmbH & Co. KG, Knollstrasse 67061 Ludwigshafen, 독일 【
수입판매원】 한국애브비(주), 서울특별시 강남구 영동대로 421 삼탄빌딩 6층, 전화: (02) 3429-9300, www.abbvie.co.kr 【공동판매원】 한국에자이(주), 서울특별시 강남구 봉은사로 
86길 6 빌딩 레베쌍트 10층, 전화: (02) 3451-5500, 전송: (02) 3451-5599 [개정년월일] 2020년 6월 15일 
※의약품 부작용 신고를 생활화합시다(1644-6223, www.drugsafe.or.kr)  ※ 자세한 제품정보는 제품설명서를 참조해 주십시오.
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1) 보건복지부 인증 혁신 제품 지정 (혁신 제품명: 환자가 편한 알약형 대장 내시경 복용제)
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Maintaining disease control is
the ultimate goal:

오랜 치료 여정을 

휴미라Ⓡ가 함께합니다.
15년 이상의 경험을 가진 휴미라Ⓡ가 
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Many years with
conventional therapy

Achieving disease control
with HUMIRAⓇ2

Maintaining disease
control with HUMIRAⓇ2

【제품명】 휴미라펜주 40mg/0.4ml, 휴미라프리필드시린지주 40mg/0.4ml, 휴미라프리필드시린지주 20mg/0.2ml (아달리무맙, 유전자재조합) 【효능•효과】 성인 1. 류마티스 
관절염: 메토트렉세이트를 포함한 DMARDs(disease-modifying anti-rheumatic drugs)에 대한 반응이 적절하지 않은 성인의 중등도에서 중증의 활동성 류마티스 관절염의 치료. 
이전에 메토트렉세이트로 치료받지 않은 성인의 중증의 활동성 및 진행성 류마티스 관절염의 치료. 이 약은 단독투여 또는 메토트렉세이트나 다른 DMARDs와 병용 투여할 수 
있다. 메토트렉세이트에 내약성이 없거나 지속적인 병용투여가 부적절한 경우에는 단독 투여한다. 이 약과 메토트렉세이트와의 병용투여는 관절손상 진행속도를 감소시키고
(X-선측정 결과) 신체활동기능을 향상시킨다. 2. 건선성 관절염: 이전에 DMARDs(disease-modifying anti-rheumatic drugs)에 대한 반응이 적절하지 않은 성인의 활동성 및 진행성 
건선성 관절염의 치료. 이 약은 다발성, 대칭성 아형을 지닌 환자의 말초 관절손상 진행속도를 감소시키고(X-선측정 결과), 신체활동기능을 향상시킨다. 3. 축성 척추관절염: (1)
강직성 척추염: 기존 치료에 대한 반응이 적절하지 않은 성인의 중증의 강직성 척추염의 치료, (2)방사선학적으로 강직성 척추염이 확인되지 않는 중증 축성 척추관절염: 
방사선학적 검사에서 강직성 척추염이 확인되지 않으나, 상승된 CRP 수치 및/또는 MRI상 객관적인 염증의 징후를 보이는 중증 축성 척추관절염의 치료. 이 약은 비스테로이드성 
항염증제(NSAIDs) 약물에 대한 반응이 적절하지 않거나, 불내성인 환자에 사용한다. 4. 성인 크론병(만 18세 이상): 코르티코스테로이드제나 면역억제제 등의 치료에 반응을 
나타내지 않거나, 내약성이 없는 경우 또는 이러한 치료방법이 금기인 중등도에서 중증의 활성 크론병의 치료. 유도 요법의 경우 이 약은 코르티코스테로이드제와 병용투여한다. 
코르티코스테로이드제에 내약성이 없거나, 지속적인 병용투여가 부적절한 경우 단독투여할 수 있다. 5. 건선: 전신치료 또는 광선요법이 필요한 성인의 중등도에서 중증의 만성 
판상 건선의 치료. 6. 궤양성 대장염: 코르티코스테로이드 및 6-MP(6-mercaptopurine) 또는 AZA(azathioprine)를 포함한 통상적인 치료에 대해 반응이 적절하지 않거나 내약성이 
없는 경우 또는 이러한 치료방법이 금기인 성인의 중등도에서 중증의 활성 궤양성 대장염의 치료. 7. 베체트 장염: 스테로이드 또는 면역억제제 등의 통상적인 치료에도 적절한 
반응이 나타나지 않는 베체트 장염의 치료. 8. 화농성 한선염: 기존의 전신 요법에 적절한 반응을 나타내지 않는 중등도에서 중증의 활성 화농성 한선염의 치료. 9. 포도막염: 
코르티코스테로이드에 적절한 반응을 나타내지 않은 성인의 비-감염성 중간 포도막염, 후포도막염 및 전체포도막염의 치료. 소아 1. 소아 크론병(만 6~만 17세): 일차 영양요법, 
코르티코스테로이드, 면역조절제 등의 치료에 적절한 반응을 나타내지 않거나, 내약성이 없는 경우 또는 이러한 치료방법이 금기인 소아 환자(만 6~만 17세)에서 중등도에서 중증의 
활성 크론병의 치료. 2. 소아 특발성 관절염: (1) 다관절형 소아 특발성 관절염: 하나 이상의 DMARDs(disease-modifying anti-rheumatic drugs)에 대해 부적절한 반응을 보인 만 2
세 이상의 소아 및 청소년에서 활성 다관절형 소아 특발성 관절염의 치료. (2) 골부착부위염 관련 관절염: 기존 치료에 적절한 반응을 나타내지 않거나 내약성이 없는 만 6세 이상 
어린이 및 청소년의 활성 골부착부위염 관련 관절염의 치료. 3. 소아 판상 건선: 국소 치료 및 광선요법에 적절한 반응을 나타내지 않거나 해당 치료가 부적절한 만 4세 이상의 어린이 
및 청소년의 중증 만성 판상 건선의 치료. 【용법•용량】 환자가 자가 주사하는 것이 적절하며 필요시 치료 추적이 가능하다고 의사가 판단하는 경우, 환자는 주사방법에 대한 교육을 
받은 후 이 약을 자가 주사할 수 있다. 80 mg의 투여는 하루에 40 mg을 2 번 주사한다. 160 mg의 투여는 하루에 40 mg을 4 번 주사하거나, 이틀에 걸쳐 40 mg을 2 번씩 주사할 
수 있다. 성인 1. 류마티스 관절염: 성인 류마티스 관절염 환자에 대한 이 약의 권장 용량은 아달리무맙 40 mg을 2주에 1회 피하 주사한다. 이 약을 투여하는 동안 메토트렉세이트의 
병용투여를 유지한다. 글루코코르티코이드, 살리실산염, 비스테로이드성항염증제(NSAIDs), 진통제, 다른 DMARDs의 병용투여를 유지할 수 있다. 단독요법의 경우 이 약에 대한 
반응이 감소한 환자는 40 mg 매주 투여 또는 80mg 격주 투여로 증량하면 유용한 효과를 얻을 수 있다. 2. 건선성 관절염, 강직성 척추염 및 방사선학적으로 강직성 척추염이 
확인되지 않는 중증 축성 척추관절염: 건선성 관절염, 강직성 척추염 및 방사선학적으로 강직성 척추염이 확인되지 않는 중증 축성 척추관절염 환자에 대한 이 약의 권장 용량은 
아달리무맙 40 mg을 2주에 1회 피하 주사한다. 상기 효능효과에 대해 임상적인 반응은 보통 치료 12주 이내에 나타나며, 이 기간 내에 반응을 나타내지 않는 환자의 경우에는 투여 
지속여부를 신중히 재고한다. 3. 성인 크론병: 성인 중등도에서 중증 크론병에 대한 이 약의 권장 용량은 첫 주에 아달리무맙 80 mg을 투여하고 첫 투여 후 2주 후에 40 mg을 
투여한다. 빠른 효과를 얻어야 할 필요가 있는 경우에는, 유도 요법동안 이상 반응에 대한 위험성이 증가한다는 것을 알리고, 첫 주에 160 mg을 투여하고 첫 투여 후 2주 후에 80 mg
을 투여할 수 있다. 유도요법의 경우 이 약은 코르티코스테로이드제와 병용 투여한다. 코르티코스테로이드제에 내약성이 없거나, 지속적인 병용투여가 부적절한 경우 단독 투여할 
수 있다. 유도 요법 후, 아달리무맙 40 mg을 2주에 1회 피하 주사한다. 만약 투여를 중지하고 재발의 증상과 징후가 나타나면 이 약을 재투여 할 수 있다. 8주 이상의 투여 중지 후 
재투여에 대한 경험은 거의 없다. 유지 요법 동안 임상 지침에 따라 코르티코스테로이드제의 투여를 서서히 줄일 수 있다. 이 약에 대한 반응이 감소한 환자는 40 mg 매주 투여 또는 
80mg 격주 투여로 증량하면 유용한 효과를 얻을 수 있다. 4주까지 반응을 보이지 않는 환자의 경우 12주까지 투여하여 반응을 나타낼 수 있다. 이 기간 내에 반응을 나타내지 않는 
환자의 경우에는 투여 지속여부를 신중히 재고한다. 4. 건선: 성인에 대한 이 약의 권장 용량은 첫 회에 아달리무맙 80 mg을 피하로 투여하고, 이어서 첫 투여 후 1주일 후에 40 mg
을 격주로 투여한다. 16주 이내에 반응을 나타내지 않는 환자의 경우에는 투여 지속여부를 신중히 재고한다. 충분한 반응이 나타나지 않는 환자는 40mg 매주 투여 또는 80mg 격주 
투여로 증량하여 유용한 효과를 얻을 수 있다. 증량 후 충분한 반응이 나타나지 않는 환자의 경우에는 이 약의 지속적 40mg 매주 투여 또는 80mg 격주 투여의 유용성과 위험성을 
신중히 재고한다. 5. 궤양성 대장염: 성인 중등도에서 중증의 궤양성 대장염에 대한 이 약의 권장 용량은 아달리무맙 160 mg을 투여하고 첫 투여 2주 후에 80 mg을 투여하는 것이다. 
유도 요법 후 40 mg을 격주로 피하 주사한다. 유지 요법 동안 임상 지침에 따라 코르티코스테로이드제의 투여를 서서히 줄일 수 있다. 이 약에 대한 반응이 감소한 환자 중 일부는 
40 mg 매주 투여 또는 80mg 격주 투여로 증량하여 유용한 효과를 얻을 수 있다. 지금까지 나온 데이터에 따르면 임상 반응은 대체로 투여 2 ~8주 이내에 도달한다. 이 기간 내에 
반응을 보이지 않은 환자의 경우 투여 지속여부를 신중히 재고한다. 6. 베체트 장염: 성인에 대한 이 약의 권장 용량은 첫 회에 160 mg을 피하로 투여하고 이어서 첫 투여 2주 후에 
80 mg을 투여한다. 첫 투여 4주 후부터는 40 mg을 격주로 투여한다. 12주 이내에 반응을 나타내지 않는 환자의 경우에는 투여 지속 여부를 신중히 재고한다. 7. 화농성 한선염: 이 
약의 권장용량은 첫 회에 160 mg을 피하로 투여하고, 이어서 첫 투여 2주 후에 80 mg을 투여한다. 첫 투여 4주 후부터는 40 mg을 매주 투여 또는 80mg을 격주 투여한다. 필요 시, 
이 약의 치료 기간 동안 항생제를 계속 투여할 수 있다. 12주 이내에 반응을 나타내지 않는 환자의 경우에는 투여 지속 여부를 신중히 재고한다. 치료를 중단해야 하는 경우, 40 mg 

매주 투여 또는 80mg 격주 투여로 재투여할 수 있다. 8. 포도막염: 성인에 대한 이 약의 권장 용량은 첫 회 80 mg 투여하고 이어서 첫 투여 1주 후부터 40 mg을 격주로 투여한다. 
이 약은 단독 또는 코르티코스테로이드 또는 면역억제제 (생물학적 면역억제제 제외)와 병용하여 사용할 수 있다. 코르티코스테로이드는 임상 경험에 따라 양을 줄일 수 있다. 소아 
1. 소아 크론병: 만 6세 이상의 소아 크론병 환자에서 이 약의 권장 투여 용량은 체중을 기반으로 한다. 이 약은 피하 투여한다.

체중(kg) 유도 용량 유지 용량

40kg 미만
•   첫 주에 40mg 투여하고 첫 투여 후 2주 후에 20mg 투여 
•  빠른 효과를 얻어야 할 필요가 있는 경우에는, 고용량의 유도요법 동안 이상사례에 대한 위험성이 증가한다는 것을 알리고 아래 용량을 

투여할 수 있다. - 첫 주에 80mg 투여하고, 첫 투여 후 2주 후에 40mg 투여
20mg 격주 투여

40kg 이상
• 첫 주에 80mg 투여하고 첫 투여 후 2주 후에 40mg 투여
•  빠른 효과를 얻어야 할 필요가 있는 경우에는, 고용량의 유도요법 동안 이상사례에 대한 위험성이 증가한다는 것을 알리고 아래 용량을 

투여할 수 있다. - 첫 주에 160mg 투여하고, 첫 투여 후 2주 후에 80mg 투여
40mg 격주 투여

충분한 반응이 나타나지 않는 환자의 경우 증량하여 유용한 효과를 얻을 수 있다. • 40 kg 미만: 20mg 매주 투여 • 40 kg 이상: 40mg 매주 투여 또는 80mg 격주 투여. 12
주까지 반응을 나타내지 않는 환자의 경우에는 투여 지속 여부를 신중히 재고한다. 2. 소아 특발성 관절염: (1) 다관절형 소아 특발성 관절염: 이 약은 만 2세 미만 소아 또는 체중 
10kg 미만 환자를 대상으로 연구된 바 없다. 이 약의 권장 투여 용량은 체중을 기반으로 한다. 이 약은 메토트렉세이트와 병용하여 투여한다. 메토트렉세이트에 내약성이 없거나 
메토트렉세이트와 함께 지속적으로 투여하는 것이 부적절할 경우에는 이 약을 단독요법으로 투여할 수 있다.

체중 (kg) 용량
10kg 이상 30kg 미만 20mg 격주 투여

30kg 이상 40mg 격주 투여

지금까지 나온 데이터에 따르면 임상 반응은 대체로 투여 12주 이내에 도달한다. 이 기간 내에 반응을 보이지 않은 환자의 경우 투여 지속여부를 신중히 재고한다. (2) 골부착부위염 
관련 관절염: 만 6세 이상의 골부착부위염 관련 관절염 환자에 대한 이 약의 권장 투여 용량은 체중을 기반으로 한다. 

체중 (kg) 용량
15kg 이상 30kg 미만 20mg 격주 투여

30kg 이상 40mg 격주 투여

이 약은 만 6세 미만의 골부착부위염 관련 관절염 환자를 대상으로 연구된 바 없다. 3. 소아 판상 건선: 소아 판상 건선에 대한 이 약의 권장 투여 용량은 체중을 기반으로 한다. 16주 
이후에도 반응을 나타내지 않는 환자의 경우에는 투여 지속여부를 신중히 재고한다. 

체중 (kg) 용량
15kg 이상 30kg 미만 20mg을 처음 2회는 매주 피하주사하고, 이후에는 격주 투여

30kg 이상 40mg을 처음 2회는 매주 피하주사하고, 이후에는 격주 투여

만약 이 약으로 다시 치료할 경우, 위에서 제시한 용량과 치료기간을 따라야 한다. 소아 판상 건선으로 만 4세 미만의 어린이에게 이 약을 사용한 적은 없다. [주요 사용상의 주의사항] 
1. 경고 1) 감염: 이 약의 투여 전, 투여 동안 및 투여 후 결핵을 포함한 감염에 대해 면밀히 모니터링해야 한다. ① 심각한 감염 ② 결핵 ③ 기타 기회감염 2) 악성종양과 림프증식성 
질환 3) B형 간염 재활성화 4) 신경학적 반응 2. 다음 환자에는 투여하지 말 것 1) 이 약 또는 이 약의 성분에 과민증인 환자 2) 활동성 결핵 또는 패혈증, 기회감염과 같은 다른 중증 
감염이 있는 환자 3) 중등도 내지 중증의 심부전(NYHA class III/IV) 환자 【제조원】 제조의뢰자: AbbVie Deutschland GmbH & Co. KG, Knollstrasse 67061 Ludwigshafen, 독일 【
수입판매원】 한국애브비(주), 서울특별시 강남구 영동대로 421 삼탄빌딩 6층, 전화: (02) 3429-9300, www.abbvie.co.kr 【공동판매원】 한국에자이(주), 서울특별시 강남구 봉은사로 
86길 6 빌딩 레베쌍트 10층, 전화: (02) 3451-5500, 전송: (02) 3451-5599 [개정년월일] 2020년 6월 15일 
※의약품 부작용 신고를 생활화합시다(1644-6223, www.drugsafe.or.kr)  ※ 자세한 제품정보는 제품설명서를 참조해 주십시오.
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