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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

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 
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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Pocket-creation method with a traction device. The key feature of this method is 
connecting the traction device to the anal mucosa 10 mm away from the lesion on 
the anal side before the initial mucosal incision. The formation of a mucosal flap and 
creation of a submucosal pocket using the traction device becomes easier (See on 
page 655−664).
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Background/Aims: Endoscopic submucosal dissection (ESD) for residual or recurrent colorectal lesions after incomplete resection is 

challenging because of severe fibrosis. This study aimed to compare the efficacy of the pocket-creation method (PCM) with a traction 

device (TD) with that of conventional ESD for residual or recurrent colorectal lesions. 

Methods: We retrospectively studied 72 patients with residual or recurrent colorectal lesions resected using ESD. Overall, 31 and 41 le-

sions were resected using PCM with TD and conventional ESD methods, respectively. We compared patient background and treatment 

outcomes between the PCM with TD and conventional ESD groups, respectively. The primary endpoints were en bloc resection and R0 

resection rates. The secondary endpoints were the dissection speed and incidence of adverse events. 

Results: En bloc resection was feasible in all cases with PCM with TD, but failed in 22% of cases of conventional ESD. The R0 resection 

rates for PCM with TD and conventional ESD were 97% and 66%, respectively. Dissection was significantly faster in the PCM with TD 

group (13.0 vs. 7.9 mm2/min). Perforation and postoperative bleeding were observed in one patient in each group. 

Conclusions: PCM with TD is an effective method for treating residual or recurrent colorectal lesions after incomplete resection. 

Keywords: Colorectum; Endoscopic submucosal dissection; Pocket-creation method; Residual or recurrent lesion; Traction device  
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INTRODUCTION 

Endoscopic mucosal resection (EMR) is a standard technique 

used for colorectal tumor resection, especially in Western coun-

tries, because of its simplicity and medical economy.1 However, 

it has uncertain outcomes for lesions measuring ≥20 mm and 

submucosal invasive cancer. The occurrence of residual or 

recurrent lesions due to incomplete resection after EMR/endo-

scopic piecemeal mucosal resection (EPMR) is problematic.2 

The advent of endoscopic submucosal dissection (ESD) has 

made en bloc and R0 resection of colorectal tumors possible, 

with almost no recurrence, irrespective of tumor size.1,3,4  How-

ever, residual or recurrent lesions after incomplete resection by 

EMR/EPMR are associated with insufficient lifting with local 

injection due to severe fibrosis, and ESD for these lesions is ex-

tremely technically demanding, even for experts.5,6 

Various techniques have been reported for the endoscopic 
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INTRODUCTION 

Endoscopy plays a significant role in the diagnosis and treat-
ment of gastrointestinal diseases. Sedation has been used in 
clinical practice to make the procedure more comfortable, and 

Procedural sedation has become increasingly common in endoscopy. Sedatives and analgesics induce anxiolysis and amnesia. In addi-
tion, an appropriate level of sedation is necessary for safe procedures including therapeutic endoscopy. Midazolam and propofol are the 
most commonly used drugs in sedative endoscopy. In recent years, the need to ascertain the safety and effectiveness of sedation has in-
creased in practice. Therefore, new sedatives and analgesic drugs for optimal sedative endoscopy, have recently emerged. This article 
reviews the characteristics of sedatives and analgesics, and describes their clinical use in gastrointestinal endoscopy. 

Keywords: Analgesics; Conscious sedation; Endoscopy; Hypnotics and sedatives
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Open Access

improve patient satisfaction by helping patients rest during the 
procedure. Although sedation is widely used for these benefits, 
it continues to pose some potential risks, requiring medical 
teams to closely monitor patients during the procedure. Cur-
rently, the most widely used agents for endoscopic sedation 
in Korea are midazolam and propofol.1 Propofol is commonly 
used for intravenous anesthesia in outpatient surgeries and 
examinations, due to advantages such as rapid induction and 
early return of consciousness. However, propofol also has dis-
advantages as it decreases both cardiovascular and respiratory 
parameters and lacks antagonists.2 The side effects of midaz-
olam include hypoxemia, paradoxical responses, and delayed 
recovery. Therefore, there is a need for alternatives.3 

Recently, newer sedatives that overcome these drawbacks 
have been discovered and subsequently applied in endoscopic 
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sedation. New drugs such as etomidate, dexmedetomidine, 
and remimazolam, have emerged, and the benefits of ketamine 
and remifentanil have also been highlighted.4,5 This review will 
therefore discuss etomidate and other new sedatives that are 
receiving attention in clinical practice. 

ETOMIDATE 

Etomidate is a short-acting intravenous anesthetic that is in-
dicated for the induction of anesthesia and sedation during 
short procedures. It is an imidazole derivative that acts as a 
gamma-aminobutyric acid (GABA)-A receptor agonist in the 
central nervous system to induce sedation. The drug is mainly 
distributed by binding to albumin in blood plasma, inducing 
the opening of the chlorine ion permeation channels of GA-
BA-A receptors and amplifying the action of GABA for rapid 
sedation.6 Although etomidate is often compared with propofol, 
it was widely used in the field of general anesthesia even before 
the development of propofol. Its duration of action is slightly 
shorter than that of propofol because etomidate is redistributed 
to peripheral tissues such as muscles, and is metabolized by 
hepatic and plasma esterases. The resulting carboxylate metab-
olites are mostly excreted through the urine and bile, exhibiting 
an elimination half-life of 2−5 hours. Etomidate has an onset 
of action of 30−60 seconds, with peak effect at approximately 
1 minute. Additionally, its action lasts for approximately 3−5 
minutes, showing pharmacokinetic properties similar to those 
of propofol. When using etomidate, initial studies have recom-
mended an induction dose of 0.1−0.2 mg/kg with additional 
0.05 mg/kg every 3−5 minutes for maintenance. Although there 
are no dosage recommendations for etomidate in endoscopic 
sedation, sedation is mainly achieved using intermittent in-
jections with an induction dose of 0.05 mg/kg, and additional 
0.03−0.05 mg/kg for maintenance, in adult patients. In clinical 
practice, etomidate is mainly used in intensive care units and 
emergency medicine because it has a lower risk of respiratory 
depression or hypotension than other intravenous anesthet-
ics.7-9 Thus, the advantages of etomidate include fast recovery, 
reduced impact on the cardiovascular system, and reduced 
respiratory failure. However, its disadvantages include pain as-
sociated with the injection as well as myoclonus. Additional ad-
ministration of midazolam (0.015 mg/kg), magnesium sulfate, 
fentanyl (100−500 μg), or remifentanil (1 μg/kg) with etomidate 
may reduce the risk of myoclonus.7 The combination of propo-
fol and etomidate can reduce the adverse effects of propofol or 

etomidate alone.10,11 Etomidate was approved in February 1999 
by the US Food and Drug Administration (FDA) as an anes-
thetic agent. 

DEXMEDETOMIDINE 

Dexmedetomidine is a highly selective α2 agonist used for se-
dation in various procedures. It is 7−8 times more selective for 
the α2 receptor than clonidine.12 It is an anxiolytic, sedative, 
and pain reliever with an elimination half-life of approximately 
2 hours and a distribution half-life of approximately 6 minutes. 
Dexmedetomidine activates 2-adrenoceptors and causes a de-
crease in sympathetic tone, with associated attenuation of neu-
roendocrine and hemodynamic responses to anesthesia; it also 
reduces anesthetic and opioid requirements. There are several 
review articles and meta-analyses of dexmedetomidine in the 
field of endoscopic sedation.13-16 The usual dose used for seda-
tion is 1 μg/kg for 6−10 minutes, followed by an intravenous in-
fusion of 0.5−0.8 μg/kg/hr. However, some patients may require 
combined sedation with midazolam (0.5−1 mg).17 Dexmede-
tomidine is considered safe for administration to patients with 
spontaneous breathing, while ensuring that chin lift maneuvers 
are performed to maintain their stable breathing. Patients re-
ceiving dexmedetomidine are easy to arouse and are less likely 
to develop delirium than those receiving midazolam.18 Howev-
er, it still has adverse effects, including bradycardia and hypo-
tension. Therefore, caution should be exercised when adminis-
tering it to patients with bradycardia, arrhythmia, heart failure, 
and/or hypotension.19 In some cases, maintenance doses are 
prescribed without a loading dose. Although dexmedetomidine 
has fewer adverse effects on respiratory function than propofol, 
it bears the risk of inducing insufficient sedation during endo-
scopic procedures.14,15,20 In summary, dexmedetomidine may be 
useful for diagnostic endoscopy; additional agents, such as mid-
azolam or fentanyl, may be required for more time-consuming 
procedures such as therapeutic endoscopy. Considering all of 
these, dexmedetomidine was approved in December 1999 by 
the FDA as a short-term sedative and analgesic. 

REMIMAZOLAM 

Remimazolam is a short-acting benzodiazepine used to induce 
and maintain procedural sedation. Remimazolam modulat-
ed the effects of GABA-A receptors to enhance the effects of 
GABA. The half-life of remimazolam is not prolonged after 
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discontinuing continuous infusion.21 Therefore, the use of 
remimazolam as an analgesic in intensive care units offers 
some advantages over fentanyl. Unlike other sedatives that are 
mainly metabolized in the liver, remimazolam is metabolized 
by tissue esterases, regardless of their location in the body. 
Thus, it may be administered regardless of body weight, rapid-
ly metabolizing in blood plasma and tissues.22 Remimazolam 
was observed to be well tolerated and effective after a single 
dose of 0.1−0.2 mg/kg or an initial dose of 5.0 mg during en-
doscopic procedures.23,24 If necessary, supplemental doses of 
2.5 mg can be administered. However, at least 2 minutes must 
have elapsed after the initial dose, prior to the administration 
of any supplemental dose. Its onset of action is 1−3 minutes 
and its half-life is 7−8 minutes, which is slightly shorter than 
that of midazolam, and remains consistent even during con-
tinuous intravenous infusion. As such, patients recover quickly 
after discontinuation of remimazolam infusion. Notably, the 
benzodiazepine receptor antagonist flumazenil can be used 
to reverse the sedative effects associated with overdosing. Al-
though the sedative efficiency of remimazolam is higher than 
that of midazolam, it is slightly lower than that of propofol.25 In 
a meta-analysis comparing remimazolam and midazolam, the 
remimazolam group showed excellent results in terms of pro-
cedure success rates, proper sedation maintenance, and use of 
antagonistic drugs.26 However, apnea or chest stiffness was ob-
served in rare cases. In severe cases, chest or thoracic stiffness 
may affect jaw muscles. Remimazolam was approved for use by 
the FDA in July 2020; however, it should be used with caution, 
even during sedation, due to the risk of respiratory failure and 
hypoxia. 

KETAMINE 

Ketamine is a phencyclidine derivative that was first used in 
clinical practice in 1965.27 It is a rapid-acting general anesthet-
ic and N-methyl-d-aspartate receptor antagonist. In terms of 
pharmacokinetics, ketamine fits a two-compartment model. 
Plasma concentration after intravenous infusion decreases rap-
idly at the early stage, which results in a slow elimination and 
distribution period that is suitable for endoscopy.28 Ketamine 
is mainly metabolized in the liver and its major metabolite is 
norketamine. It has an onset of action of less than 1 minute, 
reaching its peak effect at approximately 1 minute. Its action 
lasts for approximately 10−15 minutes, and the recommended 
induction dose is 0.5 mg/kg. Additional doses may be admin-

istered to patients after observing their degree of sedation. 
Ketamine is beneficial in preserving breathing and airway re-
flexes during endoscopy. The anesthetic state it produces has 
been termed “dissociative anesthesia” as it appears to selectively 
interrupt association pathways of the brain before producing 
a somesthetic sensory blockade. Ketamine also has anti-vagal 
effects; it increases the secretion of endogenous catecholamines, 
leading to excellent cardiopulmonary stability. Despite these 
advantages, the usefulness of ketamine as a sedative is limited 
because 10%−30% of patients experience hallucinations, visual 
distortions, and the sensation of floating during the recovery 
period. It is also associated with a 0.3% incidence of laryngo-
spasms during endoscopic procedures. In the field of anesthesia, 
ketamine is usually administered with diazepam or midazolam. 
Currently, a combined administration of ketamine and midazol-
am is recommended for sedation rather than ketamine alone.29 
In clinical practice, ketamine is considered as a useful drug with 
a low risk of apnea during pediatric sedation.30 The combination 
of midazolam and ketamine was most commonly used for pedi-
atric endoscopic procedures. In procedural sedation for pediatric 
endoscopy, the sedation with midazolam 0.03 mg/kg + ketamine 
0.65 mg/kg + propofol 2.5 mg/kg performed by an anesthesiolo-
gist was deeper and safer with fewer complications.31  

FOSPROPOFOL 

Fospropofol is a sedative-hypnotic agent used for monitored 
sedation during anesthesia care. It is a water-soluble prodrug 
of propofol, which is metabolized into propofol, formaldehyde, 
and phosphate by endothelial alkaline phosphatase.32 Due to 
these pharmacokinetic properties, it exhibits the same rise in 
blood concentration as propofol. However, the effect of fos-
propofol persists for 15−30 minutes, and its excretion is slightly 
slower than that of propofol. Its disadvantages include the risk 
of cardiovascular and respiratory failure, which are similar to 
those of propofol. Additionally, side effects include itching and 
perineal pain. Some studies have been conducted on its use in 
endoscopic sedation, with one study attempting sedation with 
various concentrations (2, 5, 6.5, or 8 mg/kg) in colonoscopic 
procedures.33 This study showed a high success rate for moder-
ate sedation in patients who received 6.5 mg/kg, and the results 
were positive in terms of doctor and patient satisfaction. Al-
though the FDA approved the use of fospropofol in May 2008, 
it was later required in December 2008 that it be used only by 
individuals trained in the administration of general anesthesia. 
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Therefore, it is usually indicated for monitored anesthesia care 
sedation. 

REMIFENTANIL 

Remifentanil is a short-acting opioid analgesic and μ-opioid re-
ceptor agonist. It is metabolized by plasma and tissue esterases, 
and it has a short context-sensitive half-life of approximately 
1−20 minutes.5 The metabolism of remifentanil is unaffected 
by changes in renal function; therefore, it is easier to predict its 
clinical action and corresponding recovery period of the pa-
tient. It typically induces slight amnesic effects. The optimal in-
duction dose of remifentanil is 0.1−0.2 μg/kg for 2 minutes, and 
its maintenance dose is 0.025−0.1 μg/kg/min. Administering 
0.5−2 mg of midazolam 2−3 minutes before remifentanil ad-
ministration may lead to better sedative and amnesic effects. Its 
sedative effect persists for 3−6 minutes, and several studies have 
shown that it is effective in reducing pain during endoscopy, es-
pecially when it is necessary for the patient to remain conscious 
during colonoscopy.34 The opioid activity of remifentanil is 
antagonized by opioid antagonists such as naloxone. Compared 
to midazolam and meperidine for sedation during colonoscopy, 
remifentanil shows increased hemodynamic stability, reduced 
respiratory inhibition, faster recovery, and shorter discharge 
times.35 Considering these, remifentanil was approved by the 
US FDA in July 1996. 

OLICERIDINE 

Oliceridine is a new μ-opioid receptor agonist that avoids 
beta-arrestin pathways and enhances G-protein-coupled sig-
naling pathways to exert analgesic effects.36 It acts through 
downstream signaling pathways to exert anti-nociceptive anal-
gesia in patients experiencing severe acute pain. Oliceridine is 
primarily metabolized hepatically by CYP3A4 and CYP2D6.37 
It shows significant analgesic benefits within 5−20 minutes of 
administration, with a half-life of approximately 1.3−3 hours. 
No dose adjustment was required for patients with renal im-
pairment. Additionally, regardless of the patient’s body weight, 
sex, and age, the recommended dose is 1−3 mg by intravenous 
administration. If necessary, supplemental doses of 1 mg may 
be administered 15 minutes after the loading dose, for mainte-
nance. Its onset of action of approximately 5 minutes is slightly 
slower than that of fentanyl. Oliceridine offers analgesic effects 
and has a reduced propensity to cause side effects associated 
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with conventional opioids, including nausea, vomiting, respira-
tory failure, and/or constipation.38 Respiratory depression after 
administration of oliceridine is rare, particularly when using 
small doses. When administered with propofol as a sedative 
agent, it maintains sedation and reduces the required amount 
of propofol, thereby lowering the risk of cardiovascular side 
effects and respiratory failure. The combination of oliceridine 
and remimazolam is expected to have positive effects during 
colonoscopy. Its distribution tends to increase in patients with 
hepatic impairment, but this does not seem to have any effect 
on excretion.39 Therefore, oliceridine may be used in patients 
with hepatobiliary diseases. Oliceridine received the FDA’s 
breakthrough therapy designation in 2016 and was approved by 
the FDA in August 2020.37  

CONCLUSIONS 

Table 1 summarized the characteristics of sedative and analgesic 
drugs for gastrointestinal endoscopic procedure.

Many endoscopists are looking for ideal drugs to be used in 
endoscopic sedation. Drugs such as etomidate, remimazolam, 
and dexmedetomidine may be useful for endoscopic sedation 
and may help improve procedural sedation in the future. How-
ever, it is also critical to understand the characteristics of these 
drugs and be aware of their strengths and risks in order to ade-
quately prepare countermeasures. Considering the advantages 
and disadvantages of old and new drugs, it is necessary to have 
a thorough understanding of conventional drugs, before con-
sidering the introduction and application of new drugs, and to 
actively cope with recommended changes directed towards the 
most ideal sedation practice. 
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In the highly contagious coronavirus disease 2019 pandemic, aerosol-generating procedures (AGPs) are associated with high-risk of 
transmission. Upper gastrointestinal endoscopy is a procedure with the potential to cause dissemination of bodily fluids. At present, 
there is no consensus that endoscopy is defined as an AGP. This review discusses the current evidence on this topic with additional 
management. Prevailing publications on coronavirus related to upper gastrointestinal endoscopy and aerosolization from the PubMed 
and Scopus databases were searched and reviewed. Comparative quantitative analyses showed a significant elevation of particle num-
bers, implying that aerosols were generated by upper gastrointestinal endoscopy. The associated source events have also been reported. 
To reduce the dispersion, certain protective measures have been developed. Endoscopic unit protocols are recommended for the con-
cerned personnel. Therefore, upper gastrointestinal endoscopy should be classified as an AGP. Proper practices should be adopted by 
healthcare workers and patients. 

Keywords: Aerosols; COVID-19; Gastroscopy; Health personnel; Respiratory protective devices
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INTRODUCTION 

Since the global outbreak of severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) infection, over 400 million pa-
tients have been infected. Due to the high-risk of human-to-hu-
man transmission via aerosols and droplets, upper gastrointes-
tinal endoscopy was initially withheld because of the potential 
to release aerosols from the oropharynx by the gag reflex or 
coughing or from body fluids, especially at less than 1 m from 

the patient. Thus, preprocedural polymerase chain reaction 
(PCR) for the coronavirus disease 2019 (COVID-19) virus was 
performed in patients who required an endoscopy. Personal 
protective equipment (PPE) with an N95 respirator was man-
dated in all procedures on patients with the infection. 

The endoscopic unit was prepped before the procedure and 
the disinfection of instruments was required after completion. 
Non-urgent cases were deferred to reserve necessary resources. 
This caused a delay in diagnosis and management. The endo-
scopic case volumes decreased by 50% to 80%.1 The estimated 
reduction in the detection of intraluminal gastrointestinal 
malignancies was over 20%, which may lead to cancer-related 
crises in the future. Our review aims to assess the possibility of 
aerosol generation during upper gastrointestinal endoscopy. 
Appropriate peri-procedural management is being explored to 
mitigate further infection to healthcare workers (HCW), and 
to reduce the delay in endoscopic diagnosis and treatment for 
patients in the pandemic.  

    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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UPPER GASTROINTESTINAL ENDOSCOPY IS 
AN AEROSOL-GENERATING PROCEDURE 

SARS-CoV-2 can be detected in oropharyngeal swab speci-
mens, blood, saliva, urine, and feces. Previous studies on isolat-
ed viral RNA by real-time PCR have confirmed the involvement 
of multiple organs in the infection. The infection is transmitted 
frequently via droplets, airborne carriers, and fomites.2-4 After 
coughing or talking, droplets from the respiratory tract con-
taining viable viruses can infect other individuals. Large drop-
lets of over 5 μm can deposit by falling on surfaces and cause 
propagation through fomites. During normal breathing, aerosol 
particles smaller than 5 μm can disperse farther by airborne 
transmission than by droplets.5 According to the World Health 
Organization, aerosol-generating procedures (AGPs) includes 
open airway suction, sputum induction, cardiopulmonary 
resuscitation, endotracheal intubation and extubation, non-in-
vasive ventilation such as bilevel positive airway pressure and 
continuous positive airway pressure, bronchoscopy, and manu-
al ventilation. Nebulizer administration and high-flow oxygen 
delivery are also considered AGPs, but there are limited data 
available on these.6-8 Several factors are associated with a greater 
risk of dissemination. Forced air over the respiratory mucosa, 
such as during coughing and positive-pressure ventilation, can 
emit virus-laden particles. Severe and symptomatic patients in 
close-range contact are likely to transmit the infection to others. 
In poorly ventilated spaces, infected particles may accumulate 
and be transmitted over a wider area. A prolonged exposure 
time also results in a higher rate of infection.7 

Endoscopy was deemed as an additional aerosolization pro-
cedure in described lists.8 Some numerical statistical studies 
were conducted to prove this theory.9-12 Aerosols from patients 
undergoing upper gastrointestinal endoscopy were measured 
by a handheld optical particle counter before, during, and after 
the procedure. Particle sizes were reported to be in the range of 
0.3 to 10 μm.10-12 Sagami et al.9 compared conscious sedated up-
per gastrointestinal endoscopy with non-endoscopy as a control 
group, in the same plastic enclosure and positive-pressure en-
vironment. They reported a significant increase in the number 
of particles during and after the procedure in the endoscopy 
group. A higher body mass index and more episodes of burping 
might have induced more aerosol generation, according to their 
multivariate analysis.9 Chan et al.10 also described a significant 
increase in particles of all sizes during upper gastrointestinal 
endoscopy, when measured at 10 cm from the patient’s mouth. 

Application of a dental sucker may reduce the number of 
counted particles. Gregson et al.11 evaluated the surgical assess-
ment endoscopy of bariatric patients and found that endoscop-
ic-evoked coughs generated more aerosols than the baseline 
tidal breathing and volitional cough. From these observations, 
it can be concluded that coughing is a dominant source of 
aerosols during upper gastrointestinal endoscopy. Compared 
to trans-nasal endoscopy and lower gastrointestinal endoscopy, 
per-oral gastroscopy seemed to generate the greatest number of 
aerosols. The largest particle-generating events were associated 
with the application of a local anesthetic throat spray, which 
produced 10 times the particles generated from cough. The 
second largest event was extubation.12 Considering these pro-
spective quantitative studies, upper gastrointestinal endoscopy 
should be determined as an AGP. Periprocedural management 
should follow the AGP protocols to prevent the transmission of 
infected particles. 

NOVEL TOOLS FOR PREVENTING AEROSOLS 
FROM UPPER GASTROINTESTINAL 
ENDOSCOPY 

Various articles have proposed new inventions of protective 
devices for use during endoscopic procedures to reduce the 
spread of aerosols from patients to endoscopic staff. Lai13 de-
veloped an aerosol box made from acrylic or transparent poly-
carbonate sheet, to assist in tracheal intubation during the early 
COVID-19 outbreak. Two holes were created to fit the insertion 
of both hands. During intubation, the box was placed to cover 
the head of the patient. An extra plastic drape could be attached 
to the uncovered side of the box. This minimized droplet scat-
tering to others. It was reusable after cleaning with alcohol or 
bleach, and affordable. In the past year, several designs were 
adapted, resulting in an endoscopic box shield being used in 
upper gastrointestinal endoscopy. Two holes were added for 
both hands, and smaller holes were made on the other side of 
the box for endoscopic shaft introduction (Fig. 1A). Prior stud-
ies have proven its protective efficacy by reducing the extent 
of ultraviolet visualization of fluorescent dye scattered after 
bursting from a rubber balloon placed in a mannequin’s hypo-
pharynx. Contamination was decreased on the endoscopist’s 
clothing and the floor of the room.14-17  

Another shielding instrument with a more compact feature 
is the acrylic face shield developed by the Colombia University 
endoscopic unit.18 They created an open-and-close system ori-
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fice for the patient’s mouth. The face shield is worn while wait-
ing and during the procedure. Endoscopy can be performed as 
usual by opening the orifice (Fig. 1B). Acrylic face shields are 
intended to be reusable and can be sterilized before they are 
used on different patients. Moreover, their mass production 
could reduce manufacturing costs. 

Transparent plastic sheets can be modified to be used as less 
rigid endoscopic barriers. Sabbagh et al.19 invented this by fold-
ing a 75×75-cm size plastic sheet with adhesive tape placed away 
from the edge of the fold to form a slit, and lubricated the open-
ing to facilitate the introduction of the scope. After the oxygen 
nasal cannula and oral protector are given to the patient, the plas-
tic sheet is fixed to cover the patients head, and endoscopy can be 
performed by insertion via the created channel (Fig. 1C). 

Devices with an entire facial cover may cause patient discom-
fort. With increased availability and low cost, a double surgical 
mask with a slit was designed by Lazaridis et al.20 Two surgical 
masks were taped at the upper and lower borders of the masks, 
with a 1.2-cm slit cut through both masks using scissors, for 
insertion of the scope (Fig. 1D). They also applied this clinical 
practice for antegrade double-ballon enteroscopy.20 

Recently, Fujifilm released two endoscopic accessories to 
reduce the risk of droplet dissemination. One of them is a 
droplet-shielding mouthpiece called “B1”, which consists of a 

drape shield to cover the patient’s face to protect HCWs and is 
attached with double-layer sponges with slits to reduce the gap 
between the scope and the mouthpiece (Fig. 1E). They have 
claimed that B1 could eliminate over 99% of droplets 5 μm in 
size and larger, compared to the currently existing mouthpiece. 
The second is an endoscope cover called “P1” which covers the 
forceps valve. The drape sheet covers the entire working por-
tion of the endoscope. Installing P1 to the port of the working 
channel may minimize secretion spillage when the instrument 
is pulled out (Fig. 1F).21 

In collaboration with Olympus Medical System and an oto-
laryngologist, Kikuchi et al.22 proposed the shielding device for 
endoscopic procedures (STEP) as a barrier device. It consists of 
a mask with a suction port and a valve-like hole for endoscopy, 
which connects to the vinyl tubular plastic drape taped to the 
base of the endoscope. During the procedure, the endoscope is 
stored in the drape and inserted through the mask so that the 
endoscopist would not be in direct contact with the patient’s 
aerodigestive fluids (Fig. 1G). An analysis of contact, droplet, 
and aerosol infections was performed by comparing STEP and 
non-STEP groups using simulation models. A significantly low-
er spread was found in all three models with similar procedural 
times and visual analog scale scores for endoscopic image eval-
uation from the pharynx to the second part of the duodenum. 

Fig. 1. Illustration of tools for preventing aerosols from upper gastrointestinal endoscopy. (A) Acrylic box. (B) Acrylic face shield. (C) Plastic 
sheet. (D) Double surgical mask. (E) B1. (F) P1. (G) Shielding device for endoscopic procedures.
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Therefore, the STEP may be useful for infection control during 
endoscopy. The summarized information on the tools is shown 
in Table 1.13-22  

PREPROCEDURAL PREPARATIONS 

Indications and timing for endoscopy 
The indications for upper gastrointestinal endoscopy should be 
prioritized as emergency, urgency, or elective procedures.23-25 
Temporarily postponed procedures are performed according 
to the availability of resources. Situations in which procedures 
should always be performed are unstable gastrointestinal hem-
orrhage or anemia, upper gastrointestinal foreign body inges-
tion, obstructive jaundice, and acute cholangitis according to the 
European Society of Gastrointestinal Endoscopy guidelines.24 
Endoscopy in cancer-related, severely symptomatic patients and 
those who might rapidly deteriorate if deferred should also be 
performed or postponed for no longer than 12 weeks.  

Patient preparation  
Risk stratification using a questionnaire of symptoms and con-
tacts should be performed in all cases at least 24 to 72 hours 
prior to endoscopy, and upon arrival to the endoscopic unit. 
There are no current recommendations on routine testing for 
SARS-CoV-2, and it should be individualized based on institu-
tional protocols. If necessary, testing should be performed using 
standard nucleic acid testing with rapid reverse transcription 
PCR or a nucleic acid amplification test.1 At our center, routine 
reverse transcription PCR testing was performed in all patients 
before endoscopic procedures to protect HCWs, and full PPE 
sets and N95 respirators were reserved for positive or high-risk 
patients. High-risk patients classified by the presence of respi-
ratory tract symptoms, previous travel to COVID-19 locations 
in the past 14 days, and close contact with positive patients, 
should prompt removal from the holding area and self-quar-

antine. Consent for the procedure must be obtained, and the 
patient should be informed of the possible risk of COVID-19 
infection from undergoing endoscopy. All patients should wear 
surgical masks and keep at least 1 to 2 m of distance from oth-
ers. If possible, barriers, such as glass or face shields, should be 
worn. Temperature measurements and telephone number re-
cords were collected prior to entering the endoscopic unit. The 
patient’s relatives or caregiver should wait offsite and return af-
ter the procedure is completed. If this is not feasible, the waiting 
area should be appropriately distanced.23,25 

Endoscopic unit preparation 
All endoscopy team members should wear surgical masks, 
gloves, hair coverings, face shields or goggles, water-proof dis-
posable gowns, and shoe covers or boots. The staff should fill 
in the same questionnaire as patients before their daily work. 
Similar distancing should be maintained between individuals. 
Arrangements made in advance could reduce patient congestion 
in the waiting area. Chairs and beds must be spaced to avoid the 
transmission of viral particles to non-infected patients. Virucidal 
agents are recommended for cleaning and disinfection. The rou-
tine use of disposable endoscopic devices is not recommended. 
Sufficient hand washing with soap or alcohol-based solutions, 
before and after any contact with potential viral sources, can 
reduce transmission to others. For positive cases, the procedure 
should be performed in a negative-pressure endoscopic unit, 
if available. An alternative is using a portable industrial-grade 
high-efficiency particulate air filter. In low-resource situations, 
adequate ventilation of the room is acceptable.26,27 

INTRAPROCEDURAL MANAGEMENT 

PPE for endoscopy personnel should be adjusted according to 
patient risk stratification. A full PPE is essential for high-risk 
or confirmed positive patients. The PPE includes a filtering 

Table 1. Tools for protection from aerosols
Device (year) Reusable Availability Comfortable Cost Effectiveness
Acrylic box (2020)13-17 Yes Producible Yes 67 US$ Yes (fluorescent dye)
Acrylic face shield (2020)18 Yes Producible No 5 US$ NA
Plastic sheet (2020)19 No Yes No Low NA
Double surgical mask (2020)20 No Yes Yes Low NA
B1 and P1 (2020)21 No Developed by Fujifilm Yes NA 99% for droplets tested in B1
STEP (2021)22 No Collaborated with Olympus No NA 99% (reduced particles)

NA, not applicable; STEP, shielding device for endoscopic procedures.
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facepiece 2 or 3 mask, double gloves, and other coverings, as 
mentioned above. In low-resource settings, reusable respira-
tors, face shields, goggles, and boots may be acceptable after 
appropriate sterilization and decontamination methods.26 The 
staff should be trained in the correct sequence of donning and 
doffing the PPE, as it is critical. A minimal number of workers 
should be in the room and the team should not be switched 
during procedures to minimize PPE usage and decrease the 
contamination risk. A bedside endoscopy can be performed for 
critically ill patients in the intensive care unit. Patients with per-
sistent cough should remain in the room until it subsides. After 
completion of the procedure, the patient must be transported 
to the recovery area as soon as deemed safe. Procedure-related 
staff should properly remove the PPE and wash their hands. As 
much as possible, all required documentation should be done 
outside the room. 

POSTPROCEDURAL MANAGEMENT 

After a COVID-19 patient is shifted out of the procedure room, 
the room should be maintained under negative pressure for at 
least 30 minutes, and in the absence of negative pressure, for 
60 minutes, before the next patient, to allow for the dispersion 
of virus-containing aerosols. Standard cleaning with a hospi-
tal-grade disinfectant solution should be done by personnel 
wearing PPE. Reprocessing staff should also wear PPE due 
to the risk of exposure to contaminated devices. All patients 
should be traced and contacted after 7 and 14 days, to enquire 
about new COVID-19 diagnoses or symptoms.23,28 

CONCLUSIONS 

An upper gastrointestinal endoscopy protocol in the current 
COVID-19 pandemic should be provided, as the procedure is 
considered an AGP. Periprocedural preparation and protective 
devices are necessary to prevent the aerosol dispersion of infec-
tion, which would be beneficial for healthcare personnel and 
patients. 
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INTRODUCTION 

Artificial intelligence (AI) is a concept that was first intro-
duced in the 1950s and which has, in the past decade, made 
great strides driven by the accumulation of a large amount of 
data that can train ever more sophisticated AI, as well as by 
improved computational power leveraged through hardware 
innovations, including graphic processing units, and advances 
in deep learning (DL) technology. Various AI applications have 
been reported in the field of gastrointestinal (GI) endoscopy, 
especially with the use of DL technology, including convolu-

Over the past decade, technological advances in deep learning have led to the introduction of artificial intelligence (AI) in medical im-
aging. The most commonly used structure in image recognition is the convolutional neural network, which mimics the action of the 
human visual cortex. The applications of AI in gastrointestinal endoscopy are diverse. Computer-aided diagnosis has achieved remark-
able outcomes with recent improvements in machine-learning techniques and advances in computer performance. Despite some hur-
dles, the implementation of AI-assisted clinical practice is expected to aid endoscopists in real-time decision-making. In this summary, 
we reviewed state-of-the-art AI in the field of gastrointestinal endoscopy and offered a practical guide for building a learning image 
dataset for algorithm development. 
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tional neural networks (CNNs). Rapid advances in AI technol-
ogy in recent years have increased the need for endoscopists to 
become familiar with AI and its data structure. This article in-
troduces the basic concepts of AI, machine learning (ML), and 
DL with a focus on the clinical applications of AI in the field of 
GI endoscopy. Additionally, we provide guidance for building 
imaging datasets for developing DL models and discuss various 
challenges posed by this process. 

MACHINE LEARNING 

AI refers to the ability of a computer to perform tasks in a 
manner similar to human intelligence. The field has gradually 
grown, and is now subdivided into several areas. Among them, 
ML refers to a system that can learn from data without explicit 
programming.1 Samuel2 defined ML as “Programming a com-
puter to learn from experience that should eventually eliminate 
the need for much of this detailed programming effort.” ML 
is traditionally derived from pattern-recognition systems and 
possesses an algorithm that recognizes features or patterns as-
sociated with data to make specific predictions, with repeated 
practice leading to improved performance. 

    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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In contrast with traditional computer programs, ML models 
are not programmed with rules, but learn from examples.3 For 
a particular task, examples are provided in the form of inputs 
(features) and outputs (labels). Using a learning-from-obser-
vation algorithm, a computer can determine how to perform 
mapping from a label function to generate a model that can 
generalize information so that it can perform the task consis-
tently with unfamiliar input features. When training the model, 
features are converted into expected labels through complex, 
multilayered mathematical functions. The algorithm deter-
mines how to value each parameter to ensure that the model 
accurately reflects reality and makes more precise predictions. 
ML can be roughly divided into supervised and unsupervised 
models. Supervised learning takes place by the provision of 
labeled data that provides the correct answer. In contrast, un-
supervised methods are designed for automated clustering of 
similar data based on commonalities. Therefore, unsupervised 
learning can be used as a primary tool for identifying appropri-
ate features following supervised learning. ML has limitations 
in that it can only learn from the data in the training set; as a 
result, the developed model might not be able to make accurate 
predictions if new examples arise that are different from those 
in the training set. 

DEEP LEARNING AND CONVOLUTIONAL 
NEURAL NETWORK 

Among the ML methods, artificial neural networks (ANNs) 
mimic the information processing of the human brain. Each 
neuron is a computing unit, and all neurons are connected to 
build a sophisticated network. Neurons exchange electrical 
information signals, and only when an input signal exceeds a 
threshold, the signal is transmitted to the next neuron. McCull-
och and Pitts4 first proposed this concept in 1943. Over time, 
the theory has emerged that learning can selectively strengthen 
the synaptic activation between certain neurons. In this theory, 
each input can be multiplied by a weighting factor, and all the 
multiplied inputs are then summed. An advantage of ANN is 
that it can model highly nonlinear relationships between inputs 
and desired outputs by combining many neurons into layers.5 
As one of the ML techniques, DL, which is based on ANN, 
emerged relatively quickly around 2010. In 2006, Hinton and 
Salakhutdinov6 named a multilayered neural network com-
posed of several hidden layers a “deep neural network (DNN)”, 
and the learning method based on DNN was first named DL. 

DL is an ML algorithm that extracts and transforms features 
by using multiple layers of nonlinear processes. “Feature ex-
traction” is the process of selecting variables that are likely to 
have predictive power for an objective, and “Transformation” is 
the process of changing the data in a more effective way to build 
a model. Recently, its performance has been improved such that 
it is now possible to design ANNs with tens to hundreds of lay-
ers with ease. 

In the field of medical image processing, CNNs are the most 
commonly used ANN structure for image analysis. CNNs are 
DNNs specialized in image recognition technology, which were 
first introduced by Le Cun’s team.7 CNNs use the principles 
of image processing and recognition used by the brain’s visual 
cortex. They can gradually learn high-level features through 
complex connections that mimic the action of the human vi-
sual cortex.8 Put more simply, the CNN model consists of three 
layers: (1) convolutional layer, (2) pooling layer, and (3) final 
classification (Fig. 1). During convolution, the kernel, an image 
filter of a certain size, scans the entire image and passes the 
output value to the next node. The next step, pooling, reduces 
the dimensions of the feature. Features that are effective for 
learning are selected by this process. A feature map presented 
through these processes enters the fully connected layers, and 
the final classification result of an image can be derived. Class 
activation mapping refers to the location information within an 
image that allows a CNN to predict a specific class, and is the 
output of a particular convolution layer. Activation maps can be 
used for the visualization of CNNs (Fig. 2). 

In this era of big data, the amount of data to be analyzed us-
ing these computations is unimaginably large. With dramatic 
improvements in computing power and graphic processing 
units, more complex calculations are now possible, including 
in DL. AlexNet, the winner of the ImageNet Large-Scale Visual 
Recognition Challenge competition in 2012, is a DL algorithm 
with eight hidden layers. It has increased the recognition rate of 
conventional ML algorithms, which remained in the 70% over 
the past 10 years, to 85% in one significant leap.9 Microsoft’s 
ResNet, which won the ImageNet Large-Scale Visual Recogni-
tion Challenge in 2015, has 152 deeper layers and has dramat-
ically improved performance in various areas such as image 
recognition and facial recognition.10 

CNN models are being applied to images and medical data 
analysis in various areas.11,12 AI in medical imaging has been 
investigated in several fields, including radiology, neurology, 
orthopedics, pathology, and gastroenterology. Since the devel-
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opment of AlexNet in 2012, DL in the image recognition field 
has mostly utilized CNNs. Although it is not yet a top player in 
medical imaging, image recognition studies in GI endoscopy 
are actively underway and have surprisingly good potential. 
In the next section, we introduce various cases in which DL is 
used in GI endoscopy. 

ARTIFICIAL INTELLIGENCE IN 
GASTROINTESTINAL ENDOSCOPY 

ML techniques are used in various areas of GI endoscopy. Since 
adenoma detection rates (ADRs) during colonoscopy and med-
ical decision-making regarding detected polyps vary greatly 
depending on the experience and skill of the endoscopist, sev-
eral studies have introduced computer-assisted diagnostic tech-
niques that can reduce variability between endoscopists and 
potentially improve ADRs (Table 1).13-31 

Since the doctor who performs the endoscopy is a human, 
simple errors can occur due to fatigue caused by overwork and/
or special conditions. The rate of polyps missed on colonoscopy 
is reportedly as high as 25%.32 Certain types of polyps are more 
likely to be missed and may result in progression to cancer. An 
enormous advantage of endoscopic diagnosis using AI is that 
polyp detection or, theoretically, the decision-making process, 

Fig. 1. Layers of the convolutional neural networks.

Fig. 2. Class activation map of a capsule endoscopy image. (A) Ero-
sions with depression of the mucosa are highlighted in red. (B) De-
tection of vascular lesions on the small-bowel mucosa is visualized in 
a class activation map.
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Table 1. Published studies on the application of artificial intelligence in the field of gastrointestinal endoscopy
Type Aims Dataset Result Study
Colonoscopy Polyp detection 14,000 Training images from 100 colonosco-

py videos
Sensitivity, 98.79%; specificity, 

98.52%; accuracy, 98.65%
Billah et al. (2017)13

Polyp detection 1,104 Nonpolyp images, 826 polyp images 
including white-light and narrow-band 
imaging

Accuracy, 87.3% Zhang et al. (2017)14

Polyp detection (real-time) 223 Narrow-band videos for training, 40 
videos for validation, 125 videos for testing

Sensitivity, 98%; specificity, 
83%; accuracy, 94%

Byrne et al. (2019)15

NICE classification
Real-time computer-aided 

detection of adenoma
Randomized clinical trial 30% Increase of adenoma 

detection
Repici et al. (2020)16

Differentiating adenomas 
from hyperplastic polyps

Separate series of 125 videos of consecutively 
encountering diminutive polyps

Accuracy, 94%; sensitivity, 
98%; specificity, 83%; NPV, 
97%; PPV, 90%

Komeda et al. (2021)17

Polyp detection 73 Colonoscopy videos (total duration, 997 
min; 1.8 million frames) from 73 patients, 
which included 155 colorectal polyps

Accuracy, 76.5%; sensitivity, 
90.0%; specificity, 63.3%

Misawa et al. (2018)18

Polyp detection Training data from 1,290 patients, and valida-
tion data from 27,113 images from 1,138 
patients

Sensitivity, 94.38%; specificity, 
95.92%; AUROC, 0.984

Wang et al. (2018)19

EGD Helicobacter pylori infection 596 From 74 patients negative for infection 
and 65 patients positive

Sensitivity, 86.7%; specificity, 
86.7%; AUROC, 0.96

Itoh et al. (2018)20

Helicobacter pylori infection 32,208 From 1,015 patients negative for infec-
tion and 753 patients positive

Sensitivity, 88.9%; specificity, 
87.4%; accuracy, 87.7%

Shichijo et al. (2017)21

Endocytoscopy 69,142 Images (520-fold magnification) for 
training

Sensitivity, 96.9%; specificity, 
100.0%; accuracy, 98%

Kudo et al. (2020)22

Detection of early neoplastic 
lesions in Barrett’s esophagus

100 Images from 44 patients with Barrett’s 
esophagus

Sensitivity, 0.86; specificity 
0.87

van der Sommen et al. 
(2016)23

Detection of esophageal can-
cer

8,428 Training images of esophageal cancer 
from 384 patients, 1,118 test images for 47 
patients with 49 esophageal cancers and 50 
patients without esophageal cancer

Sensitivity, 98%; PPV, 40%; 
NPV, 95%; accuracy, 98%

Horie et al. (2019)24

Identifying and delineating 
EGC

Retrospectively collected and randomly 
selected 66 EGC M-NBI images and 60 
non-cancer M-NBI images into a training 
set and 61 EGC M-NBI images and 20 
non-cancer M-NBI images into a test set

Accuracy, 96.3%; PPV, 98.3%; 
sensitivity, 96.7%; specificity, 
95%

Kanesaka et al. (2018)25

Detecting EGC without blind 
spots during EGD

3,170 Gastric cancer and 5,981 benign images 
to train the DCNN to detect EGC 

Accuracy, 92.5%; sensitivity, 
94.0%; specificity, 91.0%; 
PPV, 91.3%; NPV, 93.8%

Wu et al. (2019)26

24,549 Images from different parts of stom-
ach to train the DCNN to monitor blind 
spots

Determining EGC invasion 
depth and screening patients 
for endoscopic resection

790 Images for a development dataset and 
another 203 images for a test dataset

AUROC, 0.94; sensitivity, 
76.47%; specificity, 95.56%; 
accuracy, 89.16%; PPV, 
89.66%; NPV, 88.97%

Zhu et al. (2019)27

Capsule  
endoscopy

Multiple lesion detection 158,235 Images for training Sensitivity, 99.8%; specificity, 
100.0%

Ding et al. (2019)28

113,268,334 Images for testing
Small-bowel hemorrhage 9,672 Images for training Sensitivitiy, 98.9%; recall (true 

positive rate), 100.0%
Li et al. (2017)29

2,418 Images for testing
Small-bowel erosions 5,360 Images for training Sensitivity, 88.2%; specificity, 

90.9%; accuracy, 90.8%
Aoki et al. (2019)30

10,440 Images for testing
Crohn’s disease 14,112 Images for training Sensitivity, 96.8%; specificity, 

96.6%; accuracy, 96.7%
Klang et al. (2020)31

3,528 Images for testing

NICE, Narrow-band Imaging International Colorectal Endoscopic; NPV, negative predictive value; PPV, positive predictive value; AUROC, area under 
the receiver operating characteristic curve; EGD, esophagogastroduodenoscopy; EGC, early gastric cancer; M-NBI, magnifying endoscopy with nar-
row-band imaging; DCNN, deep convolutional neural network.
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is not susceptible to fatigue-related errors. 
The application of the CNN algorithm to polyp detection 

appears to be very promising. Billah et al.13 utilized images from 
a public dataset to develop an algorithm that achieved a polyp 
detection sensitivity of 98% to 99%. The automated detection 
of polyps outperformed the endoscopist by 86% to 74% in 
terms of accuracy.14 Despite their high false-positive rates, all 
of these studies showed promising results on the use of CNN 
to identify colon polyps. For trainee endoscopists just starting 
to learn colonoscopy, computer-assisted diagnostic technolo-
gies employing AI can be a significant help, not only for polyp 
detection, but also for characterizing the detected polyp. This 
improves ADRs and leads to appropriate decision-making re-
garding follow-up examinations and treatment plans. 

The ultimate goal of AI algorithms in the field of colonosco-
py is real-time detection of polyps. Real-time detection should 
exhibit high sensitivity and specificity and provide practical 
information to the operator without interfering with the opera-
tion. In addition, appropriate hardware performance for the AI 
system should be available to ensure low latency time between 
polyp detection and screen display. 

Urban et al.33 developed an ImageNet-based CNN algorithm 
and validated it using 11 colonoscopy videos. The algorithm’s 
performance yielded a sensitivity of 97% and a specificity of 
96%, executing at 10 microseconds per frame. Using nar-
row-band image (NBI) video frames and videos, the algorithm 
developed by Byrne et al.15 showed a sensitivity of 98%, a spec-
ificity of 83%, and an accuracy of 94% for 125 videos of 106 
polyps. Recently, Repici et al.16 performed a randomized trial 
with 685 subjects undergoing colonoscopy, using a real-time 
polyp detection algorithm. The computer-aided detection sys-
tem improved the ADR from 40.4% to 54.8%, particularly for 
diminutive polyps (<5 mm), but did not increase the physician’s 
withdrawal time. 

AI technology can also be used to characterize the detected 
polyps. One study has shown excellent performance of AI tech-
nology in discriminating whether the detected polyp is an ade-
nomatous polyp, which requires removal, a hyperplastic polyp, 
which does not require removal, and any additional patholog-
ical features.17 In cases where a resected polyp is considered to 
have low clinical significance and may not require additional 
pathological review, real-time histological AI confirmation may 
help clinicians avoid unnecessary pathological verification of 
the resected polyp. This strategy can reduce the cost of unnec-
essary pathological examinations.  

While colon polyps are lesions with clear borders, target 
lesions in the upper GI tract are generally subtle and difficult 
to find.34 Surprisingly, the difference between well-trained AI 
and a general endoscopist may be even greater in this scenario. 
Several studies have been published on the probability-based 
detection of suspicious gastric tumor lesions and the detection 
of Helicobacter pylori-infected gastric mucosa.20,21 For detecting 
neoplastic lesions in the stomach, AI achieved a pooled area 
under the curve of 0.96, with a pooled sensitivity of 92.1% and 
specificity of 95.0% in a recent meta-analysis,35 superior to the 
efficacy of endoscopists. On the other hand, AI has some diffi-
culties detecting and discriminating between neoplastic lesions 
of the esophagus, and this was particularly noticeable for Paris 
type 0-IIb (superficial-flat) lesions.36 Special imaging techniques 
such as NBI are helpful for developing AI algorithms to detect 
such esophageal lesions.35 

Endocytoscopy (H290ECI; Olympus, Tokyo, Japan) is a 
newly introduced in vivo contact-type microscopic imaging 
modality that provides real-time cellular-level images during 
endoscopy.37,38 A multicenter study in Japan22 has validated the 
diagnostic efficacy of EndoBRAIN (Cybernet Systems Co., To-
kyo, Japan), an AI-based system that analyzes cell nuclei, crypt 
structures, and microvessels in endoscopic images during the 
identification of colonic neoplasms. EndoBRAIN identified co-
lonic lesions with 96.9% sensitivity and 100% specificity when 
pathology findings were used as the gold standard. 

Small-bowel capsule endoscopy is another field that is ex-
pected to benefit from advances in AI pattern-recognition 
technology. Since capsule endoscopy interpretation is a rela-
tively tedious, time-consuming, and error-prone process, AI 
algorithms are highly likely to be used in clinical practice in 
the near future.39 Despite the high necessity and high expecta-
tions, training a reliable AI algorithm for capsule endoscopy 
has faced many obstacles, foremost among which are the low 
resolution of capsule endoscopy images and blurred pictures 
that are randomly taken during passive movement through the 
small bowel. Image enhancement technologies are promising 
tools for overcoming obstacles in developing an effective cap-
sule endoscopy AI. “Image enhancing” is designed to maximize 
the efficacy of AI-learning by generating optimized images for 
learning from existing suboptimal images. Several image-en-
hancing methods have been developed, including three-dimen-
sional (3D) image reconstruction, chromo-endomicroscopy, 
and image resolution improvement software for denoising and 
de-blurring. For example, the efficacy of 3D reconstruction 
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with dual-camera capsules (MiroCam MC 4000; IntroMedic, 
Seoul, Korea) was prospectively validated and appeared to be 
exceptionally useful in the characterization of subepithelial 
tumors.40 In a recent multicenter retrospective study,28 a CNN 
outperformed human gastroenterologists in multiple lesion de-
tection with capsule endoscopy (sensitivity, 99.88% vs. 74.57%; 
p<0.001). The CNN performed the task in 5.9 minutes on av-
erage, while endoscopists required a manual reading time of 
96.6 minutes. Active locomotion capsule endoscopy is used to 
control the capsule’s position freely using magnetic force, along 
with automated reading by an AI system, which is also in devel-
opment.41 

Automating the endoscopic assessment of ulcerative colitis 
(UC) is another area of AI research.42 Several recent studies 
have reported a CNN system to assess endoscopic severity in 
UC.43,44 Ozawa et al.45 evaluated a CNN-based algorithm for 
endoscopically classifying disease activity in 841 patients with 
UC. The system selectively pointed out Mayo class 2–3 images 
severely affected by UC with an area under the curve of 0.86 
(95% confidence interval, 0.84–0.87). 

CONSIDERATIONS FOR THE BUILDING OF 
AN AI-LEARNING DATASET 

The establishment of separate training, validation and test 
sets 
Datasets of acquired images should be divided according to 
their purpose,46 which are usually training, validation, and 
testing. The training set is used to learn specific patterns and 
their labels from images.47 This set is used when training an 
ML model by iteratively updating model parameters until the 
model best fits the data. The validation set is sometimes used 
interchangeably with a tuning set. After learning a specific pat-
tern, it is used to verify whether the model is underfitting or 
overfitting. The “hyperparameters” of the model are then tuned. 
In medical research, models should be validated using datasets 
that are completely independent of training or validation sets. 
The test set is used to evaluate the model’s performance before 
applying the ML model in clinical practice. Test sets cannot be 
used to train or tune ML models, including hyperparameters or 
ML method selection. The test set is used to avoid selection bias 
and to report unbiased predictions once the design of the mod-
el is decided based on the performance of the validation set.47 

It is also necessary to consider how to proportionally separate 
the entire image data into each category. The basic rule is that 

the validation and test sets must be sufficiently large to reflect 
real-world variability. The remaining data are then distributed 
to the training set. If the size of the total data is small, it is ap-
propriate to distribute a relatively large ratio to the validation 
and testing sets compared with the training set. By contrast, if 
the data size is large, a greater weight can be used for the train-
ing set. 

Sample size and class imbalance problems 
It is important to ensure sufficient sample size. It is desirable 
to include a large dataset with various features for training and 
validation.48 The optimal sample size may vary depending on 
the task. DL requires a larger sample size than traditional ML 
methods to optimize performance. This is necessary to mini-
mize the risk of overfitting, which will be discussed later. Using 
data from multiple sources, rather than data from a single data 
storage, can reduce the sample bias and increase the generaliz-
ability of the algorithm. To obtain images, one can also consider 
using many open-source datasets. 

However, in practice, determining the amount of data re-
quired should take several complicating factors into consider-
ation, including task difficulty, input data types, and quality of 
labels of the work.47 In reality, the cost of obtaining and labeling 
data is sometimes considered as important as the design of the 
AI model. 

Class imbalance is often a problem in real data, occurring 
when there are large differences in the amount of data possessed 
by each category. For example, if a researcher collects images of 
cases with lesions and data from subjects without the disease, 
lesions appear infrequently and in many different conditions; 
therefore, collecting sufficient images for certain diagnoses is 
not easy. Most ‘real-world’ clinical data have a class imbalance 
problem. Techniques for class balancing in DL include ‘weight 
balancing’ and ‘over and undersampling’. Sampling is a simple 
method that a general researcher can perform without the need 
for a computer engineer. There is an undersampling method 
that selects only a portion of the majority class and a method of 
oversampling makes as much data as possible available by mak-
ing multiple copies of the minority class. 

The problem of overfitting 
Overfitting occurs when the ML model is overtrained on the 
training data itself, and is not generalizable to new datasets. In 
theory, if a sufficiently large number of parameters are input 
into a mathematical model, any dataset can fit the model. Such 
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models may not perform well clinically when their fit depends 
on these additional variables. If the model is applied to a dataset 
that differs from the training set, prediction may fail. 

Techniques such as reducing the number of parameters in a 
model or preventing a model from overfitting a dataset are col-
lectively called “regularization”. An example is the smoothing 
of a noisy curve. Regularization techniques include ensemble, 
data augmentation, early stopping, fine-tuning, warm start, and 
parameter regularization. “Ensemble” is a technique to improve 
the stability of the final prediction by combining multiple out-
puts of a ML model. This is achieved by averaging the output 
with the same input data. 

Most regularization techniques affect the learned parame-
ters of ML models. Prior to using these techniques, additional 
hyperparameters must be set. When randomness is controlled 
during ML training, modifying the hyperparameter settings 
completely determines the final values of the learned param-
eters. Similarly, changing the hyperparameters and training a 
new ML model can change the values of the learned parame-
ters. Because hyperparameters have a large impact on model 
performance, tuning them is important in ML research. 

Data preparation, curation, and annotation 
The quality of the reference training material is the most im-
portant factor in determining the performance of a model. 
However, the determination of reference standards is often 
subjective and can lead to interobserver variability. This vari-
ability can be reduced through adjudication by an experienced 
panel of experts. In addition, high-quality reference standards 
are important for demonstrating the model performance. To 
avoid bias, the reference standards should be determined in-
dependently. Clinicians involved in grading images should be 
blinded to ML predictions. Even a small difference in the model 
performance can potentially affect many patients. 

A diversity of images and lack of bias have been suggested 
as essential requirements for building a high-quality image 
database. The lack of these features can skew the algorithm’s 
ability to correctly categorize input variables.49 In addition, dif-
ferent models trained with datasets independently generated by 
various institutions might present low predictive power when 
applied to heterogeneous groups. Such isolated data are termed 
“database islands”. The advent of artificial image augmentation 
technologies, such as generative adversarial networks that per-
form flipping, cropping, resizing, and blurring of existing imag-
es, have been introduced and utilized to diversify and increase 

the number of datasets. 
Problems with incomplete data, duplicate data, and other 

dataset formats must be addressed. This can be time-consum-
ing and labor-intensive, particularly for large datasets. Learning 
materials can be independently labeled by consensus to estab-
lish a reference standard or “ground truth”. In addition, one may 
need to collect additional data to confirm the pathology find-
ings and medical records. To optimize efficiency at this stage, it 
can be useful to identify the variables that are most relevant to 
the goal. 

Annotating secured video or image data is labor-intensive. 
Several methods of annotation are employed, including bound-
ing boxes, polygonal segmentation, semantic segmentation, 3D 
cuboids, lines, and splines. Sharing a standardized annotation 
tool and common reference standards among readers partici-
pating in this process is important to ensure the quality of the 
data and to save time (Fig. 3). Because a small dataset is usually 
not adequate to achieve sufficient AI performance, multiple or-
ganizations should share large-scale datasets and perform joint 
annotation. To this end, there has been ongoing discussion on 
whether to build a large public dataset suitable for each health-
care community. As an example of this type of effort, Ding et 
al.28 collected 108 capsule endoscopy cases from 77 medical 
centers in 2019. They labeled and annotated over 158,000 im-
ages as either normal or as one of 10 abnormal categories for 
training. They used more than 100 million images for valida-
tion and developed a multiple-lesion-detecting ResNet-based 
algorithm for capsule endoscopy reading. 

Data storage and federated learning 
Data storage and training of the model can be performed on 
local hardware or remotely on a cloud-computing platform. 
Unified learning is a new technique that can train a single al-
gorithm using data from multiple distributed devices, such as 
multiple local servers, at different sites, without the need to ex-
change or transmit images to a central repository. 

Federated learning (FL) is a new learning paradigm that al-
lows developers and organizations to train DNNs using distrib-
uted training data from multiple locations. FL has two signifi-
cant advantages: data privacy and communication efficiency. In 
particular, FL has gained increasing attention from healthcare 
AI developers. FL makes it possible to use clinical data from 
hospitals for learning without fear of breaching patient confi-
dentiality, so that developers can easily overcome legal and eth-
ical barriers. In addition, FL can reduce the network traffic bur-
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den as the optimized model is redistributed by sharing only the 
necessary information, without sharing all clinical data directly. 
Block chain technology is expected to be used in conjunction 
with FL to record audit trails in the future. 

Ethical issues 
Ethical issues cannot be avoided when constructing AI datasets. 
When attempting to use endoscopy results as learning data, it 
is necessary to obtain the consent of individual patients. There-
fore, wording should be inserted into the consent form prior to 
endoscopy, and the patient should be notified in advance. If a 
patient refuses to permit his or her endoscopy results to be used 
for AI-learning data, they cannot be integrated into the learning 
dataset. 

When constructing an infrastructure to share datasets be-
tween multiple institutions, processes such as de-identification 
and encryption are required. Clinical data transmitted to other 
institutions should not contain data that would allow patient 
identification. As data become accessible to many subjects from 
multiple institutions, the potential for invasion of individual 
privacy will increase significantly. In addition, the security and 
encryption of data transmitted between institutions are also 

important. The nature of data makes it a potential resource that 
can be directly linked to economic value. Thus, these data can 
be considered vulnerable to cyber-attack. 

FUTURE PERSPECTIVES 

The most important aspect in developing an AI model with 
good predictive power is the construction of a large-scale, 
high-quality dataset. Unfortunately, such high-quality datasets 
are still scarce. There is an old adage in computer science, “gar-
bage in, garbage out”, which is still valid even at the cutting-edge 
of modern computational power. It is difficult to build a dataset 
suitable for AI training at a single institution. Owing to the 
development of information and communication technologies, 
an infrastructure that can share a large amount of data is easily 
built. However, the foundation of a high-quality dataset that can 
be shared and utilized by multiple organizations is an import-
ant factor in accelerating the development of AI models that 
can exhibit the required performance levels. To ensure this, the 
legal regulations surrounding data sharing should be improved 
and a control tower should promote cooperation between in-
stitutions. The introduction of AI technology is expected to 

Fig. 3. Annotation process of capsule endoscopy images for the development of convolutional neural networks. Three categorial numbers will 
be applied to each image in terms of medical significance, degree of protrusion and type of lesion (e.g., vascular, inflammatory, polypoid) ac-
cording to a predefined reference standard.
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lead to an increase in medical expenses. In this regard, social 
consensus among doctors, patients, and insurance companies is 
necessary.50 

As of 2021, commercialized computer-aided diagnosis sys-
tems such as EndoBRAIN-EYE (Cybernet Systems Co.), DIS-
COVERY (PENTAX Medical, Tokyo, Japan), and the GI Genius 
module (Medtronic, Minneapolis, MN, USA) have been intro-
duced. These technologies support endoscopic diagnosis and 
are certified in Europe51; however, issues remain, as we do not 
know whether these computer-aided diagnostic technologies 
reduce the long-term incidence of GI diseases, mortality rate, 
or overall medical expense. In addition, these computer-aided 
diagnosis systems use their own isolated datasets for training, 
and are therefore not fully validated in real-world practice. The 
current evidence is based on retrospective studies, and is prone 
to a high risk of investigator-induced bias. Future prospective 
multicenter studies are mandatory before US Food and Drug 
Administration approval and widespread use. Currently, there 
are only a few prospective studies in this field. In particular, 
in Korea, a clinical prospective study is possible only through 
strict legal procedures for the medical use of the developed AI 
algorithm. AI’s multi-diagnosis accuracy and comprehensive-
ness have not yet reached this point, and many prospective 
clinical studies can be conducted only after overcoming these 
technical and legal issues. 

Privacy is an important aspect of AI. It is well known that a 
large amount of data is needed to train AI. However, most of 
these data include personal information. Personal information 
should be pseudonymized and used for learning. All external 
features, such as the eyes, nose, and mouth in the photographed 
images, should be deleted before use. Complex pseudonymiza-
tion is required, depending on the type of information, such 
as information removal. For this purpose, privacy-preserving 
machine-learning technology is also being actively investigated. 

CONCLUSIONS 

It is evident that, in the near future, the implementation of AI 
for GI endoscopy will benefit clinicians in various ways. From 
trainees’ education to real-time microscopic interpretation, 
computerized algorithms may serve as faithful assistants in the 
field of endoscopy. However, a sufficient amount of high-qual-
ity data is essential for the successful development of AI. The 
lack of learning data may explain why it has not yet reached 
clinical use in GI endoscopy. Engineers, endoscopists, and phy-

sicians should therefore understand how to build learning data-
sets for AI training. In the near future, we anticipate that we will 
achieve the goal of developing strong AI algorithms through 
the construction of multi-institutional, high-efficiency learning 
materials in tandem with the latest developments in cloud com-
puting and FL. 
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The double-guidewire method has been increasingly used in endoscopic procedures for biliary and pancreatic diseases in recent years, 
including endoscopic retrograde cholangiopancreatography and endoscopic ultrasonography-related procedures. In addition, dou-
ble-lumen catheters with uneven distal and proximal lumen openings have been introduced, making it possible to easily create a dou-
ble-guidewire situation, and the usefulness of the double-guidewire technique using uneven double-lumen cannulas has been widely 
reported. Although the advantages of using two guidewires depend on the particular situation and the appropriate use of the two 
guidewires, deepening the knowledge of the double-guidewire method will contribute greatly to troubleshooting in daily practice. In 
this review, the usefulness of the double-guidewire technique is discussed with respect to two main areas: selective insertion of guide-
wires and devices and biliary cannulation. 
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INTRODUCTION 

Endoscopic procedures for biliary and pancreatic disease, 
such as endoscopic retrograde cholangiopancreatography 
(ERCP) and endoscopic ultrasonography (EUS), cannot be 
performed without guidewires. There are currently three 
main guidewire thicknesses: 0.018, 0.025, and 0.035 inches. 
In addition to thickness, the properties of these guidewires 
could also greatly vary including material, tip shape, and 
length of the soft part.1 Currently, endoscopists can select an 
appropriate guidewire for individual cases from a vast list of 

guidewires. Usually, a single guidewire is required for a single 
procedure. For example, only one guidewire is required for 
wire-guided cannulation or the placement of plastic or metal 
stents. However, the usefulness of the double-guidewire tech-
nique (DGT) in various situations has been reported. The 
advantages of using two guidewires depend on the particular 
situation and their appropriate use. Hence, expanding our 
knowledge of the double-guidewire method will contribute 
to devising solutions in daily practice. Recently, a unique un-
even double-lumen cannula (UDLC; PIOLAX, Tokyo, Japan) 
has been introduced. The UDLC is a double-lumen catheter 
with lumens measuring 0.025 and 0.035 inches in diameter. 
The orifice of each lumen is uneven, forming a channel at the 
tip of the UDLC (Fig. 1). UDLC allows the easy creation of a 
double-guidewire situation, and the usefulness of DGT using 
UDLC has been widely reported. In this review, the usefulness 
of DGT is examined with respect to two cardinal areas: its 
usefulness in the selective insertion of guidewires and devices, 
and its utility in biliary cannulation. 

    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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USEFULNESS OF THE DOUBLE-GUIDEWIRE 
METHOD IN THE SELECTIVE INSERTION OF 
GUIDEWIRES AND DEVICES 

There are two situations in which the DGT is useful for guide-
wire manipulation and device insertion. The first is to demon-
strate the usefulness of guidewires with different properties 
for selective insertion. The other is to improve the straightness 
of device insertion using two guidewires and achieve security 
even if one guidewire comes loose. DGT has been shown to be 
useful in various ERCP-related transpapillary procedures and 
EUS-guided drainage. 

Usefulness in ERCP-related transpapillary procedures 
There are several different types of benign bile duct stenoses. 
Among these, postoperative bile duct stenosis is non-physiolog-
ical and associated with a high degree of narrowing. Therefore, 
it is difficult to insert a guidewire beyond the stenosis site. In 
a report on the usefulness of UDLC, DGT using two different 
types of guidewires, hydrophilic (Radifocus; Terumo, Tokyo, Ja-
pan) and stiff (VisiGlide2; Olympus, Tokyo, Japan) guidewires, 
led to successful drainage beyond postoperative bile duct steno-
sis.2 In this case, a hydrophilic guidewire, which had excellent 
penetration, was used to successfully penetrate the stenosis; 
however, stent insertion was not possible because of insufficient 
guidewire stiffness. Therefore, UDLC was used to insert a stiff 
guidewire beyond the stenosis by using the proximal lumen. 
Because of the successful insertion of the two guidewires, the 
stenosis was slightly relieved and the device could be inserted 
beyond the stenosis. This case illustrates the importance of 

understanding the characteristics of each guidewire and using 
them appropriately in each situation. 

In addition, DGT using UDLC has been reported to be use-
ful for stent-in-stent implantation in hilar bile duct stenosis.3 
One of the absolute prerequisites for successful stent-in-stent 
placement of metallic stents (MSs) is that the guidewire for the 
second MS must be inserted into the drainage area through the 
mesh of the first MS. As the MS used for stent-in-stent place-
ment is uncovered, the guidewire can easily cross the mesh 
on the papillary side instead of the hilar side. If the guidewire 
does not pass through the hilar mesh of the first MS, insertion 
of the second MS will be unsuccessful, leading to deformation 
of the first MS. However, it is impossible to determine whether 
the guidewire has passed through the mesh of the first MS on 
the fluoroscopy screen. DGT using UDLC can solve this prob-
lem. The UDLC is inserted into the hilar region using the same 
guidewire that was used to place the first MS, and the guide-
wire for the second MS is inserted through the proximal lumen 
into the drainage branch ready for stent-in-stent placement 
(Fig. 2). 

Patients with hilar cholangiocarcinoma may have multiple 
plastic stents inserted, instead of metal stents. Therefore, mul-
tiple guidewire insertion techniques are very important when 
inserting two or more, especially up to three plastic stents. In 
such situations, a swing catheter or sphincterotome is useful for 
selective guidewire manipulation of the bile duct. These meth-
ods are also broadly included in the DGTs. 

Usefulness of the DGT in EUS-guided cyst drainage 
EUS-guided cyst drainage is performed for infected pancreatic 
cysts and walled-off necrosis (WON).4,5 In recent years, use of 
lumen-apposing metal stents has been widely reported.6-9 How-
ever, there are some institutions and regions where lumen-ap-
posing metal stents are not available, and plastic stent place-
ment still plays an important role in the treatment of infected 
pancreatic cysts and WON. WON cases require removal of in-
ternal necrotic tissue during endoscopic or surgical necrosecto-
my. It has also been reported that intravenous treatment using a 
nasal drainage route prevents necrosectomy,10 and internal and 
external fistula treatment with nasal drainage is often used in 
addition to only one procedure of the pancreatic stent-assisted 
method (PS) for drainage treatment. In addition, a step-up ap-
proach has been established as a treatment strategy for WON,11 
and drainage with multiple stents is recommended as a useful 
method.12-16 In multiple stenting, the site of stent placement is 

Fig. 1. (A) Schema of the uneven double-lumen cannula (UDLC). 
The UDLC (PIOLAX, Tokyo, Japan) is a double-lumen catheter with 
lumens measuring 0.025 (distal) and 0.035 (proximal) inches in di-
ameter. The orifice of each lumen is uneven, creating a channel at the 
tip. (B) A guidewire can be manipulated from the proximal lumen of 
the UDLC.
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important and multiple guidewire manipulations are required. 
Itoi et al.17 reported the usefulness of creating a double-guide-

wire situation and then using two guidewires for the simul-
taneous placement of a plastic stent and nasocystic drainage 
tube. They reported a procedure success rate of 92% (12/13), 
a clinical success rate of 100% (13/13), no procedure-related 
complications, and no recurrence within a mean observation 
period of 785 days. Seewald et al.18 developed a kit that allows 
simultaneous placement of two guidewires and reported its use-
fulness. UDLC enables easy double-guidewire insertion and is 
expected to be useful for the double placement of a plastic stent 
and nasocystic drainage tube (Fig. 3). The DGT is useful for 

EUS-guided cyst drainage. 

Usefulness of the DGT in EUS-guided biliary drainage 
EUS-guided biliary drainage consists of the following steps: 
trans-gastrointestinal bile duct puncture, guidewire placement, 
puncture site dilation, and stent placement. However, these 
steps are difficult in cases where scope stability is impaired.19,20 
Even if the guidewire is placed in the drainage area, there is a 
possibility that the guidewire will pull out if the scope position 
is difficult to maintain. 

Shiomi et al.21 reported that increasing the number of guide-
wires from one to two can improve the scope stability, and 

Fig. 2. Double-guidewire method with uneven double-lumen cannula for the placement of a self-expandable metal stent (SMS) using the 
stent-in-stent (SIS) method. (A) Guidewire situation where the SIS method was unsuccessful. The guidewire for the second stent insertion 
was not passed through the mesh of the first stent. (B) Guidewire situation where SIS was successful. The guidewire for the second stent inser-
tion is passed through the mesh of the first stent. (C) The uneven double-lumen cannula was inserted into the stent using the guidewire used 
for the first stent placement (arrow), and the guidewire tip (arrowhead) from the proximal lumen passed through the stent mesh. (D) The 
UDLC was inserted into the stent using the same guidewire used for the first stent placement (arrow), and the guidewire tip (arrowhead) was 
guided from the proximal lumen into the drainage area. (E) The second stent delivery was through the mesh of the first stent. (F) Successful 
SMS placement using the SIS method.
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Mandai et al.22 reported that stability with a double-guidewire 
was useful during EUS-guided antegrade stenting. 

Kawakami et al.23 reported that guidewire manipulation from 
the proximal lumen using UDLC was useful for manipulating 
the guidewire to the hilar side of the liver in EUS-hepaticogas-
trostomy, which is occasionally difficult. Similarly, Ishiwatari 
et al.24 reported the usefulness of UDLC for access from the left 
bile duct to the right bile duct during EUS-hepaticogastrostomy 
in patients with malignant hilar biliary obstruction. Nakai et 
al.25 reported on DGT using UDLC for EUS-guided drainage at 
their institution and listed multiple drainage placements, scope 
stabilization, device insertion, safety guidewire, and antegrade 
stone removal as the main reasons for using DGT. They report-
ed that the success rate of UDLC insertion was 100%, that of 

the preplanned technique was 92.7%, and that there were no 
complications related to DGT. 

USEFULNESS OF THE DOUBLE-GUIDEWIRE 
METHOD FOR BILIARY CANNULATION 

Biliary cannulation is a basic but challenging ERCP-related 
procedure. Without successful biliary cannulation, the planned 
procedure cannot be performed. The pancreatic guidewire 
(PGW) placement method, which is a double-guidewire meth-
od, and the uneven method have been reported to be useful in 
cases of difficult biliary cannulation. Both methods are DGTs 
that use a pancreatic ductal guidewire, but they have different 
characteristics. 

Fig. 3. Double-guidewire method using the uneven double-lumen cannula for endoscopic ultrasonography cyst drainage. (A) One guidewire 
was inserted into the lumen of the walled-off necrosis (WON). (B) The uneven double-lumen cannula (arrow) was inserted into the WON, 
and the guidewire (arrowhead) was manipulated from the proximal lumen. (C) The UDLC (arrow) was inserted into the WON, and the 
guidewire (arrowhead) was inserted deep into the WON. (D) Double-guidewire situation. (E) First, a plastic stent was inserted. (F) Thereafter, 
a nasocystic drainage tube was inserted.
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The PGW method 
In the PGW method, the papilla is fixed by a PGW and biliary 
cannulation is attempted using another guidewire (Fig. 4). Du-
monceau et al.26 first reported the PGW method in 1998 as an 
effective method for biliary cannulation in postoperative gastric 
reconstruction after Billroth I surgery. Since then, the PGW 
method has been widely used in clinical practice, not only for 
postoperative anatomy but also for cases of difficult biliary can-
nulation with a normal anatomy. 

The usefulness of the PGW method has been evaluated, but 
the results vary between reports (Table 1).27-36 The reasons for 
this variation include the fact that the studies were conducted 
with diverse definitions of “difficult biliary cannulation” and 
that the technique compared with the PGW method differed 
between the studies. As shown in Table 1, the recognized time 

for “difficult biliary cannulation” varied from 5 to 15 minutes 
after the start of the test. Two main techniques were compared: 
normal techniques and special techniques, such as PS and 
transpancreatic sphincterotomy (TPS). TPS is a useful biliary 
cannulation and papillotomy technique using a pancreatic duct 
guidewire (Fig. 5). TPS can also be considered as belonging to 
the DGT in a broader sense. 

Compared with the conventional method, most reports have 
shown a higher success rate of biliary cannulation using the 
PGW method. A recent randomized controlled trial (RCT) by 
Laquiere et al.32 reported that early use of the PGW method im-
proved the rate of biliary cannulation within 10 minutes. How-
ever, there are many reports of lower success rates for biliary 
cannulation using PGW compared with PS and TPS. However, 
although post-ERCP pancreatitis (PEP) is occasionally fatal,37 

Fig. 4. Double-guidewire method using the uneven double-lumen cannula (UDLC) for biliary cannulation. (A) Schema of the pancreatic 
duct guidewire method. (B) The papilla was fixed with a guidewire and a cannula was used for biliary cannulation. (C) A cannula (arrowhead) 
was inserted into the bile duct. (D) Schema of the uneven method. (E) The papilla was fixed with the UDLC itself, and biliary cannulation was 
attempted with a guidewire from the proximal lumen. (F) The papilla was fixed by the UDLC (arrowhead), and a guidewire from the proxi-
mal lumen was inserted into the bile duct.
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In one of the four RCTs in this meta-analysis, the incidence of 
PEP in the PGW group was 38.2%, and the incidence of com-
plication was notably high (83.9%).36 In another RCT, the inci-
dence of PEP in the PGW group was high (47.4%).41 A recent 
meta-analysis reported that early needle-knife techniques and 
TPS were superior to other interventions in decreasing PEP 
rates, and should be considered in patients with difficult biliary 
cannulation.38 According to the European Society of Gastroin-
testinal Endoscopy guidelines for ERCP-related adverse events, 
a pancreatic duct stent is recommended to prevent PEP when-
ever the PGW method is used.42 Wang et al.43 in 2021 reported 
that the combined use of indomethacin and pancreatic ductal 
stents reduced the incidence of PEP compared with the use 
of indomethacin alone in the PGW group. In summary, the 
PGW method is undoubtedly a useful option for patients with 
difficult biliary cannulation. However, the risk of PEP requires 
careful consideration. 

The uneven method 
The uneven method is a variation of the PGW method that uses 
UDLC. The uneven method is performed as follows: (1) inser-
tion of the UDLC tip into the papilla with PGW assistance and 
(2) wire-guided biliary cannulation using the proximal lumen 
of the UDLC (Fig. 4).44 

Linearization of the common channel and fixation of the 
papilla produced by UDLC makes it easy to adjust the axis of 
the catheter in the direction of the bile duct, leading to success-
ful biliary cannulation. The uneven and PGW methods are sim-
ilar in that both are methods of biliary cannulation assisted by 
fixation of the papilla; however, while the PGW method uses a 
guidewire, the uneven method uses a catheter to fix the papilla. 
Therefore, the uneven method is expected to provide stronger 
papillary fixation and straightening of the bile ducts than the 
PGW method. In addition, the uneven method has the advan-
tage of eliminating this problem, whereas in the PGW method, 
the guidewire may interfere with the approach of the catheter 
tip to the bile duct opening. 

A novel method of biliary cannulation has been reported, 
with a concept that differs from DGT, in which a UDLC is in-
serted into the papilla without PGW and biliary cannulation is 
performed using the proximal lumen of the UDLC.45 

In addition, this method has also been reported to be useful 
for balloon enteroscopy-assisted ERCP in patients with a surgi-
cally altered gastrointestinal anatomy.46 In a comparative study 
of the two techniques in 86 cases of balloon enteroscopy-assist-

Fig. 5. Transpancreatic sphincterotomy. (A, B) The papilla was fixed 
with a pancreatic guidewire (arrowhead) and a sphincterotome was 
inserted using the pancreatic guidewire. (C, D) Sphincterotomy was 
performed with the pancreatic duct guidewire in place (arrowhead). 
(E, F) Successful wire-guided biliary cannulation was achieved (ar-
row) using the sphincterotome with the pancreatic duct guidewire in 
place (arrowhead).

the impact of the PGW method on the incidence of PEP tended 
to be similar in many reports, and the use of the PGW method 
tended to increase the incidence of PEP. 

There have been three meta-analyses on PGW methods.38-40 
In a meta-analysis of seven RCTs by Tse et al.,40 the PGW 
method was reported to increase the risk of PEP without any 
superiority in achieving biliary cannulation compared with 
other techniques. Another meta-analysis of four RCTs by 
Guzman-Calderon et al.,39 comparing the PGW method and 
TPS, showed that the PGW method had a lower success rate 
in biliary cannulation and a higher incidence of PEP than TPS. 
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ed ERCP, the success rate of biliary cannulation tended to be 
higher in the uneven method (83.3%) than in the PGW method 
(59%). The cannulation time was also significantly shorter in 
the uneven method. PEP occurred in 13.6% of the PGW group, 
but not in the uneven method.47 A prospective study is current-
ly underway, and it is expected that this uneven method may be 
a useful option for patients with difficult biliary cannulation. 

CONCLUSIONS 

In this review, the usefulness of DGT was outlined with respect 
to two main issues: its usefulness in the selective insertion of 
guidewires and devices, and its utility in biliary cannulation. 
The DGT contributes to endoscopic procedures in various sit-
uations. Currently, UDLC is only available in Japan, but other 
devices are being developed using the same concept. To maxi-
mize the merits of using two guidewires, it is important to un-
derstand the characteristics of each guidewire and to select the 
appropriate type for each case.  
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Background/Aims: Mucosal incision-assisted biopsy (MIAB) for tissue acquisition (TA) from subepithelial lesions (SELs) is emerging 
as an alternative to endoscopic ultrasound (EUS)-guided TA. Only a limited number of studies compared the diagnostic utility of 
MIAB and EUS for upper gastrointestinal (GI) SELs; therefore, we conducted this systematic review and meta-analysis. 
Methods: A comprehensive literature search from January 2020 to January 2022 was performed to compare the diagnostic accuracy 
and safety of MIAB and EUS-guided TA for upper GI SELs. 
Results: Seven studies were included in this meta-analysis. The pooled technical success rate (risk ratio [RR], 0.96; 95% confidence in-
terval [CI], 0.89–1.04) and procedural time (mean difference=–4.53 seconds; 95% CI, –22.38 to 13.31] were comparable between both 
the groups. The overall chance of obtaining a positive diagnostic yield was lower with EUS than with MIAB for all lesions (RR, 0.83; 
95% CI, 0.71–0.98) but comparable when using a fine-needle biopsy needle (RR, 0.93; 95% CI, 0.83–1.04). The positive diagnostic yield 
of MIAB was higher for lesions <20 mm (RR, 0.75; 95% CI, 0.63–0.89). Six studies reported no adverse events. 
Conclusions: MIAB can be considered an effective alternative to EUS-guided TA for upper GI SELs without an increased risk of ad-
verse events. 
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INTRODUCTION 

Subepithelial lesions (SELs) of the gastrointestinal (GI) tract 
arise from the muscularis mucosa, submucosa, or muscularis 

propria. SELs, although most commonly are incidental findings 
on endoscopy, can rarely present with bleeding, dysphagia, 
gastric outlet obstruction, and metastasis based on size, nature 
of the lesion, and location in the GI tract.1 The detection rate 
of SELs has increased recently owing to the increased use of 
screening endoscopies and the advent of technology.2 Although 
most SELs are benign, 15% can be malignant at presentation.3 
Hence, appropriate identification and characterization of these 
lesions are of utmost importance. 

Although SELs are routinely identified on endoscopy, endo-
scopic ultrasonography (EUS) is the first-line modality for char-
acterizing SELs as it provides information regarding the layer of 
origin, intramural/extramural location, size and shape, echoge-
nicity, vascularity, and associated lymphadenopathy. The initial 
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mode of tissue acquisition (TA) for diagnosis was made using 
jumbo biopsy forceps with the bite-on-bite technique rather 
than the standard biopsy forceps. In a retrospective analysis, TA 
with jumbo biopsy forceps had a diagnostic yield of 60%, with a 
better yield compared to that of the EUS fine-needle aspiration 
(FNA) in lesions arising from the submucosal layer (65.1% vs. 
37.5%) than the muscularis propria layer (40% vs. 57.1%), but 
with a higher risk of bleeding when a biopsy was performed on 
lesions arising from the fourth layer.4 

With increasing availability, EUS-guided TA using FNA or 
fine-needle biopsy (FNB) is currently the most commonly 
employed method. However, the diagnostic yield of EUS-FNA 
is affected by the availability of rapid on-site evaluation by a 
cytopathologist and the size of the lesion, with lesions less than 
2 cm having a poor diagnostic yield compared to that of the 
larger lesions.5,6 TA using EUS-FNB obviates the need for rapid 
on-site evaluation, requires fewer passes, and preserves tissue 
architecture. However, previous meta-analyses comparing TA 
using FNA and FNB needles have reported conflicting results.7-9 

Since the original description of the technique by Yokohata 
et al.,10 mucosal incision-assisted biopsy (MIAB) or single inci-
sion with a needle knife has gained importance as an alternative 
method of TA. A mucosal incision line was chosen for this 
technique, and saline with 0.001% epinephrine was injected 
submucosally. A mucosal incision was made using an elec-
trosurgical knife. After submucosal dissection, a biopsy of the 
exposed SEL was performed using conventional biopsy forceps, 
followed by closure of the mucosal incision with endoclips.11 In 
a meta-analysis, Dhaliwal et al.12 showed a high pooled diag-
nostic yield of MIAB and relatively shorter operating time. An 
MIAB variant, endoscopic submucosal dissection-assisted deep 
biopsy has shown a pooled diagnostic rate of 95% with a very 
low rate of adverse events (AEs).13 Given the high diagnostic 
yield of MIAB, it can serve as an alternative to EUS-guided TA 
for the diagnosis of upper GI SELs with minimal complications. 
Hence, the present systematic review and meta-analysis aimed 
to compare EUS-FNA/B and MIAB for the optimal method of 
TA. 

METHODS 

Information sources and search strategy 
The Medline, Embase, Cochrane Central Register of Controlled 
Trials (CENTRAL), and Science Direct databases were searched 
from January 2000 to January 2022 for all relevant studies. The 

following keywords were used for the search: (EUS OR “Endo-
scopic ultrasound”) AND Subepithelial AND (MIAB OR Inci-
sion OR Biopsy OR “Needle knife”). Additionally, the reference 
lists of all identified trials, guidelines, and reviews on the topic 
were searched for relevant records. This meta-analysis was 
performed in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines.14 

Study selection 
Two independent reviewers searched the titles and abstracts 
of the retrieved search records for the inclusion and exclusion 
criteria, followed by full-text screening of potential eligible cita-
tions. A third reviewer resolved disagreements. Studies includ-
ed in this meta-analysis were comparative studies fulfilling the 
following PICO criteria: (1) Patients=upper GI SELs; (2) Inter-
vention=use of MIAB or its variants, like submucosal tunneling 
for TA; (3) Comparison=EUS-guided TA using either FNA or 
FNB needle; and (4) Outcomes=procedural outcomes, diagnos-
tic outcomes, and AEs. Only the original articles were included 
in the analysis. There was no bar on language, as long as the 
study outcomes were mentioned in the text. Non-comparative 
studies, conference abstracts, case series, and studies involving 
persons aged <18 years were excluded from the analysis.  

Data extraction 
Data extraction was independently performed by two inves-
tigators. A third reviewer resolved disagreements. Data were 
collected under the following headings: study author and year, 
number of patients, age distribution, type of intervention used 
and comparator arm, follow-up duration, outcomes, and AEs. 

Definition of outcomes 
The primary outcome of the analysis was a positive diagnostic 
yield, defined as the percentage of lesions in which a pathologist 
could make a confirmed diagnosis. The secondary outcomes 
included the technical success, procedural time, and AEs. Tech-
nical success was defined as access to the target tissue and ob-
taining of visible tissue specimens or fragments. AEs included 
the development of pain, bleeding, and perforation, which were 
directly related to the procedure. The procedural time was con-
sidered according to the definition of individual studies. 

Risk of bias in individual studies 
The risk of bias was assessed by two reviewers using the Co-

616



chrane risk of bias (RoB 2) tool for randomized controlled 
trials (RCTs)15 and the Cochrane Collaboration’s risk of bias in 
non-randomized studies of interventions (ROBINS-I) tool for 
non-randomized studies.16 

Statistical analysis 
Dichotomous variables were analyzed using the risk ratio (RR) 
and Mantel-Haenszel test. A random-effects model was used 
irrespective of the presence of heterogeneity. The Q and I2 
statistics were used to assess heterogeneity among the studies. 
A p-value of Q test <0.1 or the I2 value >50% was considered 
to be significant. Publication bias was assessed by visual in-
spection of funnel plots. A subgroup analysis was performed 
based on the size and location of the SEL. A sensitivity analysis 
was conducted using a leave-one-out meta-analysis, which ex-
cluded one study from each analysis to investigate each study's 
influence on the overall effect-size estimate and to identify 
influential studies. All statistical analyses were performed us-
ing the RevMan software (ver. 5.4.1; Cochrane Collaboration) 
and STATA software (ver. 17; StataCorp., College Station, TX, 
USA). 

RESULTS 

Study characteristics and quality 
Total 825 records were identified in the search, and 536 were 
screened after removing duplicates. Figure 1 shows the PRIS-
MA flowchart of the article selection process. Seven studies17-23 
were included in the meta-analysis. Table 1 summarizes the 
characteristics of the included studies. The majority of the 
studies were from Asia,17-21 one study was from Europe,22 and 
another multicenter study involved centers in North America 
and Europe.23 Three studies were prospective,18,20,21 three were 
RCTs1,19,23 and one was retrospective.21 The SEL was located 
in the stomach in most of the studies,17-19,21 while three stud-
ies20,22,23 included lesions in the esophagus and duodenum along 
with the stomach. The pooled mean age of the population was 
61.1±12.1 years. With respect to EUS-guided TA, four studies 
used FNA needles,17-19,22 two used FNB needles,20,23 and one 
used both.21 Among the RCTs, only one had a low risk of bias,23 
whereas the other two had a moderate risk of bias (Fig. 2A).19,22 
Among the non-randomized studies, one study had a low risk 
of bias,18 two had a moderate risk of bias,20,21 and one had a high 
risk of bias (Fig. 2B).17  
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meta-analysis (n=7)

Reports not retrieval 
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Reports excluded:
Duplicated data (n=2)
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screening:

Duplicate records removed
(n=52)
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Unrelated (n=91)
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Review articles (n=40)
Case reports (n=15)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses (PRISMA) flowchart for the study selection process.

Outcomes 

1) Technical success 
All seven studies17-23 with 520 patients reported the technical 
success of both procedures. Both MIAB and EUS-guided TA 
had comparable technical success rates (RR, 0.94; 95% confi-
dence interval [CI], 0.87–1.03; I2=81), with significant hetero-
geneity among the studies (Fig. 3). A sensitivity analysis using 
only RCTs19,22,23 also showed a comparable technical success be-
tween the two modalities (RR, 1.00; 95% CI, 0.94–1.06; I2=0%). 

2) Positive diagnostic yield 
All seven studies17-23 reported the outcome of diagnosis based 
on histology. The pooled rate of diagnostic yield with MIAB 
was 90.7% (95% CI, 84.7–96.7; I2=71.8%), which was signifi-
cantly higher than that of the EUS-guided TA 72.1% (95% 
CI, 60.7–83.4; I2=78.5%). The pooled rate of diagnostic yields 
with EUS-FNA and EUS-FNB were 73.8% (95% CI, 58.4–89.3; 
I2=85.1%) and 77.7% (95% CI, 59.8–95.7; I2=78.7%), respec-
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tively. Use of EUS for TA from SELs was associated with a lower 
diagnostic yield compared to that of MIAB (RR, 0.83; 95% CI, 
0.71–0.98; I2=67%), with significant heterogeneity among the 
studies (Fig. 4). Meta-regression to assess the source of hetero-
geneity could not be performed because the number of studies 
included in the analysis was less than ten. 

Heterogeneity can be due to differences in the needle used, 
size of the mass lesion, and location of the lesion. Hence, a sub-
group analysis was conducted to compare the diagnostic rates 
of EUS-FNB and MIAB. Both methods were comparable in 
achieving a diagnosis without any heterogeneity (RR, 0.93; 95% 
CI, 0.83–1.04; I2=0%) (Fig. 5A). Comparing both techniques 
with respect to the lesion size, MIAB was better than EUS-guid-
ed TA without any heterogeneity (RR, 0.75; 95% CI, 0.63–0.89; 
I2=0%) (Fig. 5B). On sensitivity analysis of only RCTs,19,22,23 the 
diagnostic yield was comparable between the two modalities 
(RR, 0.91; 95% CI, 0.77–1.07; I2=30%). Analyzing available data 
of only gastric SELs,17-21 the diagnostic yield was lower with EUS 

than with MIAB (RR, 0.77; 95% CI, 0.62–0.97; I2=71%) (Fig. 
5C). However, on subgroup analysis of three studies19-21 based 
on the location of the lesion in stomach, there was no difference 
in the diagnostic yield between lesions in upper stomach (RR, 
0.89; 95% CI, 0.79–1.01; I2=0%), middle stomach (RR, 0.88; 
95% CI, 0.69–1.11; I2=0%), and lower stomach (RR, 0.72; 95% 
CI, 0.49–1.06; I2=15%). 

3) Procedural time 
Overall, five studies17-19,21,23 including 418 patients reported dif-
ferences in procedural time with both techniques. There was 
no significant difference in the procedural time, although there 
was significant heterogeneity (mean difference [MD], –4.53 
seconds; 95% CI, –22.38 to 13.31; I2=99%) (Fig. 6). A sensitivity 
analysis pooling data from only RCTs19,23 showed no difference 
in the procedural time (MD, –5.81 seconds; 95% CI, –14.53 to 
2.91; I2=89%). 

D1 D2 D3 D4 D5 Overall

Osoegawa 2019 – + + + + –

Zoundjiekpon 2020 – + + + + –

Sanaei 2020 + + + + + +

Risk of bias domains

Domains:
D1: Bias arising from the randomization process.
D2: Bias due to deviation form intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Judgement
–  Some concerns
+  Low

St
ud

y

D1 D2 D3 D4 D5 D6 D7 Overall

Jung 2016 × × + + + + + ×

Kobara 2017 + + + + + + + +

Park 2019 + – + + + + + –

Minoda 2020 – + + + + + + –

Risk of bias domains

Domains:
D1: Bias due to confounding.
D2: Bias due to selection of participants.
D3: Bias in classification of interventions.
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data.
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

Judgement
×  Serious
–  Moderate
+  Low

St
ud

y

Fig. 2. Risk of bias assessment for randomized controlled trials (A) and non-randomized studies (B).

AA BB

Fig. 3. Forest plot comparing the technical success between mucosal incision-assisted biopsy and EUS-guided tissue acquisition. EUS, endo-
scopic ultrasound; MIAB, mucosal incision-assisted biopsy; M-H, Mantel-Haenszel; CI, confidence interval.
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4) Procedural complications 
Among the seven included studies,17-23 six did not report any 
AE  by Sanaei et al.,23 the rate of AEs was 7.69% (95% CI, 

2.13–24.14) in the EUS-FNB group as compared to 10% (95% 
CI, 3.45–25.62) in the MIAB group (p>0.99). In the EUS-group, 
two patients had abdominal pain, whereas in the MIAB group, 

Study or subgroup
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Fig. 5. Forest plot comparing the diagnostic yield between mucosal incision-assisted biopsy and EUS-guided tissue acquisition for subgroups. 
(A) Use of EUS-FNB. (B) Size of lesion <20 mm. (C) Gastric subepithelial lesions. EUS, endoscopic ultrasound; FNB, fine-needle biopsy; 
MIAB, mucosal incision-assisted biopsy; M-H, Mantel-Haenszel; CI, confidence interval.
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one had pain and two developed delayed bleeding within six 
days after the procedure. One of the bleeding episodes was 
self-limiting, whereas the other required arterial embolization.  

5) Assessment of publication bias and leave-one-out analysis 
Visual assessment of the funnel plot (Supplementary Fig. 1) and 
Egger’s test (Supplementary Table 1) showed the presence of 
publications for both technical success and diagnostic accura-
cy, but not for procedural time. A leave-one-out meta-analysis 
(Supplementary Fig. 2) showed a significant change in proce-
dural time (Supplementary Fig. 2C). With the exclusion of the 
study by Jung et al.,17 EUS-guided TA was associated with a sig-
nificantly shorter procedure duration than MIAB (MD, –12.34 
seconds; 95% CI, –21.05 to –3.64; I2=91%). Table 2 summarizes 
findings with confidence in the evidence. 

DISCUSSION 

The present meta-analysis attests to the role of MIAB as an 
alternative to EUS-guided TA in upper GI SELs. The analy-
sis showed a similar technical success rate with EUS-guided 
TA and MIAB (RR, 0.96; 95% CI, 0.89–1.04), but a lower rate 
of diagnostic yield with EUS-guided TA (RR, 0.83; 95% CI, 
0.71–0.98). On subgroup analysis, EUS-FNB was comparable 
to MIAB with respect to the diagnostic yield (RR, 0.93; 95% CI, 
0.83–1.04). However, the diagnostic yield of EUS-guided TA 
was lower than that of MIAB for diagnosing lesions less than 
20 mm (RR, 0.75; 95% CI, 0.63–0.89). Both techniques were 
associated with significantly low AE rates. Although the proce-
dural time was similar in both methods on overall analysis (MD, 
–5.81 seconds; 95% CI, –14.53 to 2.91), the study by Jung et al.17 
was a significant outlier, and with its exclusion, the mean proce-
dural time was lower with EUS (MD, –12.34 seconds; 95% CI, 

–21.05 to –3.64). 
The current guidelines by the European Society of Gastro-

intestinal Endoscopy (ESGE) recommend tissue diagnosis for 
all SELs with features suggestive of gastrointestinal stromal 
tumor (GIST), size >20 mm, associated high-risk stigmata on 
EUS, or prior to surgical resection.24 The European Society for 
Medical Oncology25 and the Japanese GIST Guideline Sub-
committee26 recommend resection of GIST, even those <20 
mm. Hence, tissue sampling for pathological and immunohis-
tochemical analyses is a critical step in managing SELs. The 
ESGE recommends using either MIAB or EUS-guided TA 
for sampling SELs >20 mm in size. For SELs <20 mm in size, 
the ESGE recommends MIAB as the first choice, followed 
by EUS-guided TA.24 Dhaliwal et al.,12 in a meta-analysis on 
the outcome of MIAB for upper GI SELs, reported an overall 
pooled diagnostic yield of 89% without any heterogeneity. In 
the current meta-analysis, MIAB was associated with a higher 
chance of diagnosis than EUS-guided TA. Hence, the utility of 
MIAB in the diagnosis of SELs needs to be explored in larger 
studies. 

Meta-analyses comparing TA with SELs using FNA and 
FNB needles have reported conflicting results. Two me-
ta-analyses reported better diagnostic accuracy with FNB,7,8 
while another meta-analysis reported no difference in accura-
cy with FNA/FNB or based on the choice of needle employed.9 
The pooled rates of diagnostic yield in the present analysis 
with MIAB, EUS-FNB, and EUS-FNA were 90.7% (95% CI, 
84.7–96.7), 77.7% (95% CI, 59.8–95.7), and 73.8% (95% CI, 
58.4–89.3), respectively. In subgroup analysis comparing the 
diagnostic rate of EUS-FNB with MIAB in the present study, 
both methods were comparable in achieving a diagnosis with-
out any heterogeneity (RR, 0.93; 95% CI, 0.83–1.04). Consid-
ering the overall quality of the tissue obtained, both EUS-FNB 
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and MIAB may be superior to EUS-FNA for the histological 
diagnosis of SELs. 

In a study analyzing the factors influencing the diagnostic 
yield of EUS-FNA for SELs, the diagnostic accuracy was 50% 
for lesions <20 mm and 91.6% for those >20 mm.6 Akahoshi 
et al.5 reported a diagnostic rate of 71% for lesions <20 mm, 
86% for those between 20 mm and 40 mm, and 100% for those 
>40 mm. This is mainly because the smaller size of the lesion 
makes it difficult to target using EUS-guided TA techniques. 
In the present analysis, the diagnostic yield of EUS-guided TA 
was lower than that of MIAB for small SELs <20 mm (RR, 0.75; 
95% CI, 0.63–0.89). The low diagnostic yield of EUS-guided TA 
in the study by Kobara et al.18 may be attributed to the fact that 
approximately 74% of the SEL were smaller than 2 cm. Hence, 
for SELs <20 mm, MIAB may be considered the preferred op-
tion over EUS. However, this rule has a caveat. Kim27 proposed 
a classification method to determine whether GISTs were pre-
dominantly intramural or extramural. Those with predominant 
extramural components (types III and IV) may not be ade-
quately sampled using MIAB, and EUS-guided TA may be the 
preferred modality in these situations. 

The present analysis showed no significant difference in the 
procedural time (MD, –4.53 seconds; 95% CI, –22.38 to 13.31), 
although there was significant heterogeneity. Therefore, these 
findings should be interpreted with caution. In a leave-one-out 
meta-analysis, after excluding the influential study by Jung et 
al.,17 the procedural timing was significantly shorter with EUS. 
Thus, MIAB may be associated with longer procedure duration 
than EUS. 

Dhaliwal et al.12 reported a pooled clinically significant post- 
procedural bleeding rate of 5.03% (95% CI, 0.4–12.9, I2=57.43%) 
with MIAB, but no perforation. In the present analysis, six17-22  

of the seven included studies reported no AEs with either of 
the procedures. Only the study by Sanaei et al.23 reported AEs, 
such as abdominal pain and bleeding associated with both tech-
niques without any significant difference (p=1.0). This indicates 
the comparable safety of the two procedures. In terms of other 
available techniques for tissue diagnosis of SELs, Facciorusso et 
al.28 compared EUS-FNB with bite-on-bite biopsy using jumbo 
forceps. The sample adequacy and diagnostic accuracy were 
significantly higher with EUS-FNB (94.1% vs. 77.5% and 89.3% 
vs. 67.1%, respectively), with a lower bleeding rate (6.6% vs. 
29.1%). However, there are no recent comparative studies that 
evaluated the outcome of MIAB with jumbo-forceps biopsy. 

The findings of this study are important for several reasons. 
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First, the overall diagnostic yield with MIAB is comparable to 
that of EUS-guided TA and is better for lesions <20 mm in size. 
MIAB can be performed during routine endoscopy and no 
advanced equipment is required. Second, lesion size does not 
affect the diagnostic yield of MIAB, while needle passage and 
aspiration of small-sized SELs may be challenging with EUS. 
Third, MIAB can be easily performed regardless of the anatom-
ic location of the lesion in the stomach, provided a reasonable 
bulge is visualized endoscopically (type I and II according to 
Kim’s classification). In contrast, EUS-guided TA, especially 
FNA, can have a higher failure rate when the SEL is in the car-
dia or fundus because the stiff device has difficulty accessing 
these areas.17 To address the suboptimal diagnostic yield of 
EUS-FNA, a study was conducted using a forward-viewing 
echoendoscope, which showed a complete histological as-
sessment in 93.4% of patients.29 However, a subsequent RCT30 
reported comparable rates of histologic diagnosis between for-
ward- and oblique-viewing echoendoscopes (80.5% vs. 73.2%; 
p=0.453). 

There were a few limitations in the study, most inherent to 
any meta-analysis, which warrant further discussion. First, 
most of the studies were from a single center and two were 
retrospective. Second, the RCTs included in the analysis were 
underpowered to demonstrate a reasonable difference. Third, 
there was moderate to considerable heterogeneity in the stud-
ies with respect to the type of needle used and size of the mass 
lesions. Moreover, the definitions for procedural time varied 
among the studies, and one study did not define procedural 
time. Finally, economic considerations regarding the impact of 
sampling by MIAB or EUS-guided TA were beyond the scope 
of the current meta-analysis. 

In conclusion, MIAB and EUS-guided TA have comparable 
technical success, diagnostic accuracy, and procedural time, 
but with significant heterogeneity. However, MIAB was better 
than EUS-guided TA for small lesions without heterogeneity. 
MIAB is an alternative to EUS-guided TA in clinical practice 
and may be the procedure of choice for SELs <20 mm in size. 
In centers where EUS expertise is unavailable, MIAB is an easy 
and safe alternative for EUS-guided TA. Large multicenter 
trials are the need of the hour to validate the findings of this 
meta-analysis. 
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Supplementary Fig. 1. Funnel plot for assessment of publication 
bias.

Supplementary Fig. 2. Leave-one-out meta-analysis for sensitivi-
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See “Efficacy of the pocket-creation method with a traction device in endoscopic submucosal dissection for residual or recurrent col-
orectal lesions” by Daisuke Ide, Tomohiko Richard Ohya, and Mitsuaki Ishioka, et al., on page 655−664. 

Endoscopic submucosal dissection (ESD) is an effective proce-
dure for treating large superficial colorectal neoplasia because it 
provides higher en bloc and complete resection rates than con-
ventional endoscopic mucosal resection. However, colorectal 
ESD is technically challenging and the presence of submucosal 
fibrosis makes it more difficult. Because locally recurrent or re-
sidual colorectal lesions after incomplete endoscopic resection 
contain submucosal fibrosis in most cases, it is difficult even 
for experienced endoscopists to perform ESD in such cases. 
In order to facilitate colorectal ESD or to overcome difficult 
ESD cases, various modifications of the conventional ESD 
method have been introduced. The pocket-creation method 
(PCM) is one such method,1 which was compared PCM with 
conventional ESD for colorectal lesions with severe fibrosis in 
a retrospective study.2 In this study, PCM showed a higher en 
bloc resection rate than conventional ESD (95.2% vs. 74.7%, 
p<0.03). The histological complete resection rate was also high-
er in the PCM group than in the conventional ESD group (85.7% 
vs. 54.5%, p<0.04). Nonetheless, the mean procedure time was 

shorter in the PCM group than in the conventional ESD group 
(79.6±26.5 min vs. 118.8±71 min, p=0.001). ESD using traction 
devices (TDs) provide enhanced exposure of submucosal layers, 
even in lesions with submucosal fibrosis, and thus can facilitate 
safe and effective submucosal dissection.3,4 According to a study 
on traction-assisted ESD using double clips and a rubber band, 
traction-assisted ESD seemed to be a safe and effective treat-
ment for residual or locally recurrent colonic lesions.5 

Although both PCM and traction-assisted ESD seem to be 
useful technical variations of conventional ESD, the outcomes 
of their combination have not yet been well investigated. Inter-
estingly, a recent case report suggested that the combination of 
PCM and traction-assisted ESD would be useful to remove a 
recurrent colorectal lesion with severe submucosal fibrosis.6 If 
so, can the combination of these two methods make the diffi-
cult ESD cases easier? Ide et al.7 answered this question in their 
study. According to their retrospective data, either PCM with 
TD or conventional ESD method was applied for the locally 
recurrent or residual colorectal lesions and more than 60% of 
the lesions contained severe submucosal fibrosis (65% in PCM 
with TD group and 63% in the conventional ESD group). Using 
the PCM with TD method, en bloc resection was achieved in all 
cases; however, the en bloc resection rate using the conventional 
ESD method was 78%. In addition, the histological complete 
resection rate was higher in the PCM with TD group than in 
the conventional ESD group (97% vs. 66%, p<0.001). As the 
submucosal layer was effectively exposed, the dissection speed 
could be accelerated in the PCM with TD group compared to 
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the conventional ESD (median 13.0 mm2/min vs. 7.9 mm2/
min). Moreover, despite improved procedural parameters 
regarding therapeutic effectiveness, procedure-related compli-
cations, such as perforation and bleeding, were not different 
between the two groups. 

Both the PCM and traction methods are relatively easy to 
apply during ESD and are also known to be useful to less expe-
rienced therapeutic endoscopists.8,9 Therefore, the combination 
of these methods may be more useful for non-experts and in 
more difficult cases. From a practical viewpoint, if any mod-
ification of conventional ESD can improve procedure-related 
outcomes and reduce procedural difficulty, such procedures can 
be combined in real-world procedures. In addition to PCM and 
traction-assisted ESD, underwater ESD appears to be a safe and 
effective modification of conventional ESD.10 Because PCM, 
traction-assisted ESD, and underwater ESD are not mutually 
exclusive procedures, the combination of these three methods 
may be applied to overcome difficulties in colorectal ESD. Fu-
ture studies should investigate how to optimize the combination 
of procedural techniques, to maximize the efficiency and safety 
of colorectal ESD. 
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Tacrolimus is a macrocyclic lactone antibiotic that was first 
isolated in 1984 from the soil microorganism Streptomyces 
tsukubaensis in Japan.1 This agent, which acts as a calcineurin 
inhibitor, has been the cornerstone immunosuppressive agent 
used to prevent graft rejection in organ transplant recipients for 
a long time.2 

Acute pancreatitis, which is the most common complication 
of endoscopic retrograde cholangiopancreatography (ERCP) 
performed for the endoscopic management of biliary compli-
cations, frequently occurs after liver transplantation and can 
induce a systemic inflammatory response along with a pain-
ful local inflammatory reaction of the pancreas.3 Post-ERCP 
pancreatitis (PEP) can occur in up to 10% of cases, and most 
cases are not severe. However, some patients progress to severe 
pancreatitis, which can cause serious morbidity and compli-
cations and require long-term hospitalization and outpatient 

treatment.3 Therefore, effective preventive drugs or interven-
tional strategies for PEP, such as rectal indomethacin, an 8-hour 
protocol of aggressive lactated Ringer’s solution, and pancreatic 
duct stenting, have been developed.4 

It has recently been revealed that one of the key mechanisms 
of the inflammatory cascade leading to PEP is zymogen activa-
tion occurring early through the calcium-activated phosphatase 
calcineurin in acinar cells.5 After that, a calcineurin inhibitor, 
tacrolimus, has been suggested based on several previous pre-
clinical and clinical studies.6-8 

Rao et al.9 reported the results of a prospective pilot study 
that compared the PEP rate of the tacrolimus group and control 
group based on this recent emerging evidence. In this study, 
the authors reported that the incidence of PEP was reduced by 
nearly 50% in the tacrolimus group compared with that in the 
control group (8.3% vs. 15.7%). They suggested that tacrolimus 
might prevent the occurrence of PEP. Considering the main 
mechanism of PEP development, tacrolimus, which inhibits 
calcineurin, may theoretically be a suitable pharmacological 
measure. However, before accepting the positive results of the 
PEP-prevention effect of tacrolimus as evidenced in this study, 
the issues of this study must be pointed out.  

First, this study was a small-scale, uncontrolled pilot study; 
there was a selection bias, and there was no analysis of PEP 
risk factors for the subjects. It is difficult to accept the results of 
this study as having a high level of evidence. In addition, even 
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though this study was implemented in the average-risk PEP 
cohort, the PEP rate of both the control and tacrolimus groups 
was higher than that of the previous studies. One reason could 
be that the definition of difficult biliary cannulation (DBC) in 
this study was used in previous relevant studies. This definition 
differs from the new DBC definition that has been strengthened 
in the recently published European Society of Gastrointestinal 
Endoscopy guidelines about papillary cannulation.10 Applying 
the older definition of DBC while implementing ERCP to the 
subjects of this study may raise ethical concerns because it has 
already been shown that the chance of PEP incidence increases 
as the number of papilla attempts increases in previous studies. 

Nevertheless, the results of this preliminary prospective study 
suggest that PEP has the potential to become a new target for 
tacrolimus, which has been used to prevent transplant rejection 
in organ transplant patients for over three decades. In addition, 
the results of the study are worth considering in the implemen-
tation of subsequent relevant studies that demonstrate the PEP 
preventive effect of tacrolimus and establish an appropriate 
therapeutic dosage that can have a preventive effect not only in 
patients at high risk of PEP but also in the average risk of the 
PEP cohort. 
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INTRODUCTION 

Gastroesophageal reflux disease (GERD) is one of the most 
common gastrointestinal disorders causing substantial morbid-
ity in the United States.1 GERD symptoms occur when stomach 
contents are refluxed into the esophagus, which results in dis-

Background/Aims: Transoral incisionless fundoplication (TIF) is an accepted anatomic treatment for gastroesophageal reflux disease 
in selected patients. In this report, we analyze our institution’s programmatic allocation of resources during the safe implementation of 
TIF as a new procedure. 
Methods: A retrospective analysis of all patients who underwent TIF from January 2020 to February 2021 at our institution was per-
formed. The process of initially allocating the operating room (OR) with overnight admission and postoperative esophagram for added 
safety, and subsequently transitioning TIF to the endoscopy suite (ES) as an outpatient procedure was described. Patient safety and out-
comes were evaluated during transition. 
Results: Thirty patients who underwent TIF were identified. The mean age was 51.2±16.0 years. TIF was performed in an OR in nine 
patients (30%) and 21 (70%) in the ES. All the OR patients were admitted overnight and had routine esophagogram. In contrast, four 
(19%) from the ES group required clinically-indicated admission and three (14.2%) required esophagram. The mean procedure dura-
tion was significantly lower in the ES group (65.7 min vs. 84 min, p=0.02). 
Conclusions: A stepwise, resource-efficient process was described that allowed safe initiation of TIF as a new technique and its effec-
tive transition to a fully outpatient procedure. 

Keywords: Gastroesophageal reflux disease; Health resources; Implementation; Transoral incisionless fundoplication  
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comfort and eventually leads to mucosal erosion. The symp-
toms of GERD are present in about 28% of the United States 
population.2 However, the cardinal symptoms of GERD may 
not always be present in some patients with endoscopic esopha-
gitis or Barrett’s esophagus.3,4  

Depending on the severity of symptoms, general manage-
ment of GERD involves lifestyle and dietary modifications, 
antacids, surface agents, histamine 2 receptor antagonists, 
and proton pump inhibitors (PPIs).5 Despite multiple medical 
treatment options, GERD symptoms that are refractory to PPIs 
occur anywhere between 17% and 45% of the patients.6 Long-
term PPI use has been implicated in increased risk of osteope-
nia, acute kidney injury, microscopic colitis, and Clostridium 
difficile infections.7,8 GERD is an anatomic problem, and other 
interventions may be considered in patients refractory to medi-
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cal therapy or those who opt to discontinue PPIs. These include 
surgical fundoplication, magnetic sphincter augmentation, low-
er esophageal sphincter radiofrequency application, and tran-
soral incisionless fundoplication (TIF).5 Historically, surgical 
methods have been the definitive management for GERD. 

TIF was introduced in 2009 as an alternative to surgical inter-
vention and has shown promise as an anatomical treatment op-
tion in the symptom management of GERD.9 However, certain 
challenges in maintaining patient safety and training personnel 
are met when introducing a new and effective procedure. The 
correct balance involves maintaining patient safety and effective 
outcomes while navigating procedural learning curves, com-
plications, and institutional costs. In this report, we share our 
institution’s TIF implementation experience, where a program-
matic allocation of resources to implement a new technique 
was performed. The TIF procedure was initially performed in 
the operating room (OR) to ensure extra safety with a planned 
overnight admission. With clinical experience, we systematical-
ly transitioned the procedure to be performed at the endoscopy 
suite (ES) as an outpatient procedure. Herein, we report our 
data to aid in the dissemination of this implementation tech-
nique. 

METHODS 

A retrospective qualitative study involving all patients who 
underwent TIF from January 2020 to February 2021 was per-
formed. This study aimed to describe the implementation of 
TIF procedure at our center. 

Patients 
TIF was introduced in our tertiary care center in January 2020. 
All patients who underwent TIF were identified from our insti-
tution’s procedure scheduling database and electronic medical 
records. A thorough chart review was performed to analyze pa-
tient characteristics, clinical parameters, location of procedure, 
and outcomes of interest. 

Indications and preoperative evaluation 
The main indications for a TIF procedure were adults with 
medically refractory GERD or patients with the goal of stop-
ping PPI therapy. Medically refractory GERD was defined as 
subjective and/or objective findings of GERD despite optimal 
lifestyle modifications and maximal medical treatment with 
pharmacotherapy such as PPI for at least 3 months or more. Pa-

tients were excluded if hiatal hernias (≥2 cm) were present. In 
addition, patients with Los Angeles (LA) grade C or D esoph-
agitis were excluded. Depending on their comorbidities, all 
patients underwent appropriate evaluation with their primary 
care physicians, cardiologists, and pulmonologists for pertinent 
preoperative work-up and evaluation. All patients underwent 
consultation with a thoracic surgeon in addition to preoperative 
upper endoscopy, esophageal pH testing, esophageal manome-
try, and barium esophagography. Further imaging studies such 
as gastric emptying and computed tomography scans were per-
formed based on symptoms and comorbidities at the physician’s 
discretion. 

Procedure 
The TIF procedure was performed under general anesthesia by 
two operators (gastroenterologist and a thoracic surgeon). One 
operator acted as an endoscopist while the second performed 
the fundoplication. Insertion of the video upper endoscope was 
done through the mouth and advanced to the stomach. After 
evaluation of the esophagus and the stomach, the Esophyx with 
Serofuse (Endogastric Solutions, Redmond, WA, USA) inci-
sionless fundoplication device was advanced into the stomach 
using the endoscope as a guide. With the endoscope retrof-
lexed for appropriate visualization, endoscopic fundoplication 
was performed to create a full-thickness plication that was 
200−300 degrees in circumference and 3−5 cm in length. A to-
tal of 14−26 fasteners were used for plication. Post-procedure 
appearance was examined, and the endoscope and Esophyx 
device were withdrawn once deemed satisfactory. The patient 
was extubated and transferred to the post-anesthesia care unit 
(Fig. 1). 

Location and post-procedural care 
Upon introduction of the TIF procedure at our tertiary care 
center, all initial procedures were performed at the OR for add-
ed safety. The OR team and surgical instruments were readily 
available in the OR for immediate intervention, if needed. The 
patients were transferred to the post-anesthesia care unit after 
the procedure, and a planned overnight admission was done 
on all patients for close monitoring. Postoperative esophagram 
(EG) on postoperative day 1 was routinely performed on all pa-
tients prior to discharge. Post-procedural diet instructions were 
provided to the patients (clear liquid diet for 2 days, then a pu-
reed diet for 7−10 days, followed by a soft diet for 2 weeks, with 
transition to a regular diet thereafter). Discharge with outpa-
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tient follow-up care was done on postoperative day 1 if: (1) pain 
was well-controlled with an oral analgesic regimen; (2) diet was 
tolerated without nausea or vomiting; and (3) labs, vital signs, 
and imaging studies were unremarkable. This plan was delib-
erated for three procedural sessions (nine procedures). In the 
meantime, the ES staff underwent training and the procedure 
was transitioned to the ES after three successful TIF sessions 
in the OR without any major complications. In addition, the 
procedure was also transitioned to an outpatient set up where 
patients were discharged the same day after meeting previously 
defined criteria. Hospital admission and routine EG were per-
formed only when clinically indicated. Patients were discharged 
with narcotic analgesic elixir as needed for pain, anti-emetics, 
and any home doses of acid suppressive therapy were contin-
ued. 

Follow-up 
The first postoperative follow-up visit was arranged via tele-
medicine/phone call 7−10 days after the procedure. In person 
follow-up with an EG was arranged at 3 months and at 12 
months post-procedure. If no further symptoms of reflux and/
or no reflux was noted on EG at 3 months, acid suppressive 
therapy was discontinued. Any further follow-up care, imaging 
studies, or endoscopies were performed as needed at the physi-
cians’ discretion based on patients’ symptoms and progression. 

Objectives and statistical analysis 
The primary objective of this study was to describe our expe-
rience of implementing a new procedure at an institution by 
programmatically allocating resources and navigating training 
processes while maintaining patient safety. Procedural out-
comes of technical success and patient safety outcomes in terms 
of adverse events were analyzed during the transition from OR 
to ES. Adverse events were defined according to the American 

Society of Gastrointestinal Endoscopy (ASGE) lexicon. The sec-
ondary objective was to analyze the impact of experience and 
training on the duration of the procedure during this transition. 

The analysis was descriptive in nature where categorical 
variables were reported as frequencies and percentages, and 
continuous variables were reported as means and standard de-
viations (SD) or medians with ranges. Student t-test was used 
to compare continuous variables whereas Fisher exact test was 
used for categorical variables. Statistical significance was set at 
p<0.05. All statistical analyses were performed using IBM SPSS 
ver. 23 (IBM Corp., Armonk, NY, USA).  

Ethical statements  
The study was approved by the Institutional Review Board 
(IRB No: 20-094) of Virginia Mason Franciscan Health, Seattle 
[VMFH]).

RESULTS 

Over a period of 14 months (January 2020 to February 2021), 
30 patients underwent TIF. The mean age was 51.17±16.01 years, 
the mean body mass index was 28.01±6.94 kg/m2 and 18 of pa-
tients (60%) were female (Table 1). 

The mean duration of GERD in patients undergoing TIF was 
12±10.5 years. All patients were on acid suppressive therapy 
with PPI and/or H2 receptor blockers prior to the procedure. 
Evidence of esophagitis was seen in 50% of patients, while 
63.3% of patients had evidence of a small hiatal hernia. The 
mean DeMeester score was 57.12±46.4. The initial nine patients 
(30%) underwent the procedure in the OR, and 21 subsequent 
patients (70%) underwent TIF at the ES. All initial patients had 
planned admission to the hospital with a median length of stay 
of 1 day (range, 1−7 days), while only four patients (19%) in the 
latter group required admission based on their symptoms with 

Fig. 1. Illustrations of transoral incisionless fundoplication procedure. (A) Demonstration of the squamocolumnar junction with reflux 
esophagitis. (B) Retroflexed view showing the fundus and hiatal hernia. (C) The transoral incisionless fundoplication device seen in retroflex-
ion. (D) Creation of a full thickness, partial circumference, gastroesophageal fundoplication.
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a median length of stay of 1 day. Two of these patients were 
admitted for nausea and vomiting, one had significant pain, 
and one patient necessitated overnight admission due to lack of 
transportation (patient resided out of town). As the procedure 
transitioned towards ES, 81% of patients were successfully dis-
charged on the same day of procedure. All patients in the OR 
group had routine EG, while only three patients (14.2%) in the 
ES required EG based on suspicious symptoms such as nausea, 
vomiting, and pain. Two patients required readmission with-
in 30 days, one from the OR and ES groups respectively. One 
patient from the OR group had a peripherally inserted central 
catheter (PICC) line dysfunction and a PICC-associated deep 
vein thrombosis which required admission for anticoagulation 
and eventual replacement of PICC line (non-TIF-related issue). 
In contrast, the other patient from the ES group had an emer-
gency room visit for post-procedural pain requiring intrave-
nous pain medications. 

The TIF procedure was technically successful in 29/30 pa-
tients (96.6%) except in one who had undergone sleeve gas-
trectomy. Three patients (10%) who had successful TIF had 
minor intraoperative complications. One patient experienced 

bleeding at a fastener site in the distal esophagus, which was 
treated with epinephrine and coaptive coagulation. Another 
patient had mild mucosal and submucosal tears at the crico-
pharyngeus from the device passage, but no full-thickness per-
foration was noted. The third patient had difficult esophageal 
passage requiring dilation, causing mucosal stretching and 
tearing without perforation. A total of three patients (10%) had 
minor postoperative adverse events. Two had intractable pain 
requiring an ER visit and/or hospital admission after being dis-
charged, and one had persistent nausea and vomiting requiring 
overnight admission. All these adverse events were observed in 
patients from the ES group. No major adverse events were not-
ed. Esophageal leak or perforation did not occur in any patient. 
The mean duration of the procedure was significantly lower in 
procedures performed at the ES (65.71±10.15 min vs. 84±18.42 
min; p=0.002) (Fig. 2). Among the successful TIF patients who 
had 3 months follow-up (25/29 patients), 17/25 patients (68%) 
had stopped or reduced acid suppressive therapy while pre-pro-
cedural doses of acid suppressive therapy was continued in 8/25 
(32%). Similarly, 20/25 (80%) had no reflux on follow-up EG, 
2/25 (8%) had reflux only with provocative maneuvers, 2/25 
(8%) had reduced reflux compared to pre-procedural EG, and 
1/25 (4%) continued to have spontaneous reflux. No symptom 
improvement was noted in 2/25 (8%), with subsequent arrange-
ment of further studies and additional follow-up. Table 2 shows 
procedural characteristics and post-procedural outcomes. 

DISCUSSION 

Historically, surgery has been the mainstay for the definitive 
anatomic management of refractory GERD. Randomized con-
trolled trials comparing TIF and PPI therapy have demonstrat-
ed the superiority of TIF in eliminating troublesome refractory 
reflux symptoms with durable results.10 Studies have shown TIF 
to be comparable to Nissen fundoplication (NF) for symptom 
relief in a subset of patients without a large hiatal hernia.11 A 
systematic review and network meta-analysis by Richter et al.12 
reported TIF to be superior to laparoscopic NF in improving 
health-related quality of life. However, the same study showed 
laparoscopic NF was better than TIF in achieving improved 
% time pH <4. Compared to other anti-reflux surgeries, the 
main advantages of TIF include its minimally invasive nature, 
short and reliable postoperative recovery, and its ability to be 
performed as an outpatient procedure. The data on short-
term effectiveness of TIF is robust and although some studies 

Table 1. Demographics and clinical characteristics of study patients
Patient characteristic Value
Age (yr) 51.2±16.0
Female sex 18 (60.0)
Body mass index (kg/m2) 28.0±6.9
GERD duration (yr) 12.0±10.5
Esophagitis 15 (50.0)
Hiatal hernia 11 (36.7)
Symptom
 Heartburn 30 (100)
 Regurgitation 11 (36.7)
 Dysphagia 3 (10.0)
 Nausea 1 (3.3)
 Other 4 (13.3)
Esophageal pH monitoring
 DeMeester score 57.1±46.5
 Fraction time pH <4 (%) 19.4±19.6
 Symptom index (%) 54.6±36.7
Manometry
 Resting mean LES pressure (mmHg) 18.4±10.1
Acid suppressive therapy
 Proton pump inhibitor 29 (96.7)
 Histamine type-2 receptor blocker 3 (10.0)

Values are presented as mean±standard deviation or number (%).
GERD, gastroesophageal reflux disease; LES, lower esophageal sphincter.
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Fig. 2. Implementation and transition of transoral incisionless fundoplication procedure from operating room (OR) to endoscopy suite (ES).

Table 2. Procedural characteristics and post-procedural outcomes
Procedural and post-procedural characteristics Operating room (n=9) Endoscopy suite (n=21) p-value
Duration of procedure (min) 84.0±18.4 65.7±10.2 0.020
Fasteners used 20.0±3.0 18.0±3.6
Unplanned admission 0 4 (19.0) 0.287
Length of stay (day) 1 (1–7) 1 (1)
Significant pain requiring in-hospital care after procedure 1 (11.1) 2 (9.5) 1.000
Intraprocedural complication 0 3 (14.3) 0.534
Esophagram 9 (100) 3 (14.3)
Readmission <30 days 1 (11.1) 1 (4.8) 0.517
3-Month follow-up (n=25)
 Symptom improvement 23 (92.0)
 Follow-up esophagram
  No reflux 20 (80.0)
  Reflux with provocative maneuvers 2 (8.0)
  Spontaneous reflux, but improved 2 (8.0)
  Spontaneous reflux 1 (4.0)
 PPI use (at 3 months post-procedure)
  Stopped 10 (40.0)
  Reduced dose 7 (28.0)
  Still using at same dose 8 (32.0)

Values are presented as mean±standard deviation, median (range), or number (%).
PPI, proton pump inhibitor.

 Admission   Post-procedure esophagram       Duration of procedure (min)

634



have reported sustained results, further studies are required 
to demonstrate long-term efficacy.10 The need to create a pro-
tocol for safely introducing this minimally invasive approach 
for definitive treatment of GERD at our VMFH was identified. 
Utilizing the resources available at VMFH, we have described 
the development of a protocol to implement the TIF procedure. 
Moreover, the challenges and accomplishments of protocolizing 
this minimally invasive approach to treating refractory GERD 
was discussed. 

There are no protocols or guidelines in place to guide the safe 
introduction and implementation of a novel procedure such as 
TIF. A multidisciplinary approach was used to introduce the 
procedure at our center. A decision was made to introduce this 
procedure using two attending physicians (gastroenterologist 
and thoracic surgeon) based on the clinical expertise associ-
ated with the two operators. All operators underwent training 
according to the manufacturer’s guidelines and all procedures 
were supervised by the manufacturer representatives with 
extensive experience in the technique. Both OR and ES staffs 
underwent the necessary mandatory training. The procedure 
was initially implemented in the OR, with all patients requiring 
overnight admission. While the length of hospital stay among 
all OR patients was 1 day, one patient who had multiple chronic 
medical and psychosocial conditions and a history of multiple 
prior hospitalizations was admitted for 7 days due to issues 
related to her comorbidities. A prolonged admission like the 
one mentioned is unusual in TIF patients, and this admission 
was due to a non-gastroenterology-related issue. The OR was 
adequately equipped with the necessary instruments and staff 
on standby for the possibility of an emergent thoracic surgery 
in case any complications arose. As the providers gained ex-
perience, resource utilization was systematically reduced. The 
procedure was then transitioned to the ES, with overnight 
admission and postoperative EG was no longer considered a 
routine procedure unless a clinical indication was present. The 
initial demonstration of safety with routine postoperative EG 
led to the omission of this study in the cohort. Currently, more 
than 80% of patients who undergo TIF are discharged on the 
same day. 

With the introduction of TIF at our institution, a technical 
success rate of nearly 97% in our experience with the first 30 
patients was observed. One technical failure occurred at the 
ES in a patient with prior gastric sleeve surgery, which is a 
technically difficult procedure given the altered anatomy. Four 
other patients had successful TIF despite altered anatomy. Two 

of these patients had previously undergone DaVinci robot-
ic-assisted hiatal and paraesophageal hernia repair with partial 
fundoplication. One patient had prior open paraesophageal 
hernia repair, while the other had hiatal hernia repair with par-
tial fundoplication. No major complications were associated 
with TIF. Furthermore, the tapering or discontinuation of PPI 
medications in patients was generally initiated at their 3-month 
appointments. However, earlier discontinuation of PPIs was 
possible in 40% of patients. 

Anatomic endoscopic treatments for GERD have been avail-
able for more than 20 years,5,13 with radiofrequency application 
and TIF being the two main endoscopic treatment options 
currently available.5 Endoscopic fundoplication was first in-
troduced in 2005 and involved gastro-gastric plication below 
the Z line. The next iterations were TIF 1.0 and the currently 
performed TIF 2.0, which were introduced in 2007 and 2009 
respectively.13 TIF 2.0 involves esophagogastric plication 1−3 
cm above the Z line using around 12−23 fasteners to form a 
270°−300° plication.13,14 As of 2019, it has been reported that 
more than 22,000 patients have undergone TIF.13 An abstract 
by Brewer Gutierrez et al.15 reported their experience with the 
learning curve of TIF, which showed a progressive decrease in 
the total procedure time with experience. They also reported 
that endoscopists required at least 23 procedures to achieve 
procedure times <1 hour. This is in line with the findings of our 
study, which shows consistently lower procedure times after 20 
procedures with an average time of 65 minutes (Fig. 2).  

The strength of this study lies in the fact that this is the first 
to report the experience of systematically implementing the TIF 
procedure at a tertiary referral center with extensive previous 
experience in surgical repair of reflux. The process of planned 
resource allocation with subsequent transition to a resource-op-
timal, cost-effective process for outpatient TIF has been im-
plemented. The limitations of this study are the retrospective 
nature and the small sample size with inherent limitations and 
risks of bias. Moreover, qualitative scales such as the GERD 
Health-Related Quality of Life Questionnaire were not used to 
assess the impact of TIF on symptom improvement and quality 
of life. Finally, four patients (13.8%) were unable to comply with 
the 3-month postoperative ES follow-up.  

We share our TIF introduction experience to aid in the dis-
semination of our implementation technique. A stepwise pro-
cess of planned reduction in-hospital resource allocation over 
time for the safe implementation of TIF was described. With 
this process, we were able to introduce a new technique without 
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major complications while successfully transitioning to a fully 
outpatient procedure. The introduction of a new procedure in 
a hospital or healthcare system requires the understanding that 
despite initial extended safety protocols and additional costs in 
the form of training time and resource utilization, the new pro-
cedure will be more cost-effective and efficient once implemen-
tation is complete. 
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tered on routine endoscopy with an incidence of 0.8%−2.0%.1 

Most GI SETs are benign, such as leiomyoma, schwannoma, 
lipoma, ectopic pancreas, and duplication cyst. GI stromal tu-
mors (GISTs) constitute a major proportion of premalignant GI 
SETs2; therefore, differential diagnosis of these lesions is critical.  

Endoscopic ultrasound (EUS) information is essential for 
evaluating GI SETs and guiding its management; however, it has 
limited accuracy in discriminating premalignant lesions from 
SETs.3,4 Tissue sampling (TS) procedures such as EUS-guided 
fine-needle aspiration (EUS-FNA), EUS-guided Trucut biopsy, 
and EUS-guided fine-needle biopsy (EUS-FNB) have been in-
troduced to overcome this limitation.5-8 Although EUS-FNA is 
the basic procedure for the cytopathological diagnosis of SETs, 
it has suboptimal accuracy, with a rate of 34%−82%.7,9-11 Fur-
thermore, it has limitations in terms of obtaining core tissue. 

Background/Aims: Endoscopic ultrasound-guided fine-needle biopsy (EUS-FNB) is integral to the diagnosis of gastrointestinal (GI) 
subepithelial tumors (SETs). The impact of different EUS-FNB tissue sampling techniques on specimen adequacy and diagnostic accu-
racy in SETs has not been fully evaluated. This study aimed to compare the diagnostic outcomes of slow-pull (SP) and standard suction 
(SS) in patients with GI SETs. 
Methods: In this retrospective comparative study, 54 patients were enrolled. Medical records were reviewed for location and size of the 
target lesion, FNB needle type/size, technical order, specimen adequacy, diagnostic yield, and adverse events. The acquisition rate of 
adequate specimens and diagnostic accuracy were compared according to EUS-FNB techniques. 
Results: The mean lesion size was 42.6±36.4 mm, and most patients were diagnosed with GI stromal tumor (75.9%). The overall diag-
nostic accuracies of the SP and SS techniques were 83.3% and 81.5%, respectively (p=0.800). The rates of obtaining adequate core tissue 
were 79.6% and 75.9%, respectively (p=0.799). No significant clinical factors affected the rate of obtaining adequate core tissue, includ-
ing lesion location and size, FNB needle size, and final diagnosis. 
Conclusions: SP and SS had comparable diagnostic accuracies and adequate core tissue acquisition for GI SETs via EUS-FNB. 

Keywords: Biopsy; Endoscopic ultrasonography; Fine needle aspiration; Gastrointestinal stromal tumors
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EUS-Trucut biopsy solves these problems; however, it has a 
high rate of technical failure.5,12,13 Recently, a large multicenter 
study reported the superior accuracy and reduced role of rapid 
on-site evaluation (ROSE) in EUS-FNB compared with EUS-
FNA.14 Moreover, a meta-analysis documented the different 
rates of adequate TS for GI SETs between EUS-FNA (80.6%) 
and EUS-FNB (94.9%).15 Therefore, EUS-FNB is the standard 
EUS-TS procedure for the diagnosis of GI SETs. 

Various factors have been investigated for the effect of EUS-
TS procedures on diagnostic accuracy: FNB needle type/size, 
number of needle passes, application of special maneuvers 
(fanning), endosonographer’s experience, and availability of 
ROSE.10,16,17 In addition, different EUS-TS techniques are im-
portant for diagnostic accuracy. Two representative techniques 
are available: slow-pull (SP) and standard suction (SS). SS is 
performed using a 10-mL syringe attached to the proximal end 
of the needle to provide continuous negative pressure within 
the target lesion during TS. Although SS is effective for obtain-
ing an adequate amount of tissue, its use in EUS-TS may cause 
histological damage and increase blood contamination.18,19 In 
contrast, the SP technique decreases the negative pressure by 
withdrawing the stylet slowly from the needle after it enters the 
lesion. This may improve tissue adequacy and ameliorate blood 
contamination.20,21 However, the exact role of suction in TS 
remains unclear and most reports have investigated pancreatic 
lesions alone.22,23 Limited studies have compared SP and SS for 
EUS-FNB in GI SETs. Therefore, we compared the diagnostic 
outcomes of the EUS-TS techniques done in patients with up-
per GI SETs who underwent EUS-FNB. 

METHODS 

Eligible patients 
This retrospective comparative analysis was conducted in a 
tertiary referral center in Korea from January 2016 to February 
2020. The inclusion criteria were as follows: (1) patients with 
upper GI SETs confirmed by endoscopy or imaging, (2) lesions 
suspected to have originated from the GI wall on EUS, and (3) 
patients who underwent EUS-TS with SP or SS during the first 
two passes. The exclusion criteria were as follows: (1) incon-
clusive final diagnosis, (2) lower GI SETs, (3) no SETs on EUS 
examination, and (4) SET-like carcinomas. Initially, 58 patients 
underwent EUS-TS, and four patients were excluded because of 
an inconclusive diagnosis (n=1) and rectal lesions (n=3). 

A detailed flowchart of the study is presented in Figure 1. The 

medical records of EUS-TS procedures were reviewed for the 
location and size of the target lesion, FNB needle type/size, ob-
tained specimen adequacy, diagnostic yield, and adverse events. 

Endoscopic ultrasound-guided tissue sampling and histo-
logic assessment 
EUS-FNB was performed by two experienced endosonogra-
phers (CMC and YHK). Linear-array echoendoscopes (GF-
UCT240 or GF-UCT260; Olympus Medical Systems, Tokyo, 
Japan) were used with a ProSound Alpha 10 processor (Aloka, 
Tokyo, Japan). Midazolam and meperidine were used for intra-
venous conscious sedation. After targeting the lesion using an 
echoendoscope, the FNB needle was advanced into the lesion. 
Four types of FNB needles (EZ shot, Olympus Optical, Tokyo, 
Japan; Acquire, Boston Scientific, Marlborough, MA, USA; 
ProCore, Cook Medical Inc., Bloomington, IN, USA; ClearTip, 
FineMedix, Daegu, Korea) were used. The FNB needle type 
and size were selected at the discretion of the endosonographer. 
After successful puncture of the target lesion, two passes were 
performed using the SP and SS techniques. The technical order 
was allocated using a random number sheet. 

For the SP technique, we gradually and continuously re-
moved the stylet with to-and-fro movements. The SS technique 
was performed by removing the stylet completely and applying 
negative pressure using a 10-mL syringe. After sample collec-
tion, the syringe was closed and the needle was removed from 
the scope. To-and-fro movements (between 15 and 20 times) in 
different areas of the lesion were performed in a fanning man-
ner for each pass. If an adequate specimen was not acquired 
from the first two passes, additional needle passes were per-

58 EUS-TS for GI SETs
SP or SS during first two passes 

(January 2016 to February 2020)

54 Enrolled patients

26 SP/SS 28 SS/SP

4 Excluded patients
1 Inconclusive diagnosis
3 Located in rectum

Fig. 1. The flow-chart of this study. EUS, endoscopic ultrasound; TS, 
tissue sampling; GI, gastrointestinal; SET, subepithelial tumor; SP, 
slow-pull suction; SS, standard suction.
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formed at the discretion of the endoscopist. 
The acquired specimens were placed in 10% buffered for-

malin for histological examination with hematoxylin and eosin 
staining. When spindle cell tumors were detected, immunohis-
tochemical (IHC) staining was performed for the differential 
diagnosis of SETs. All analyses were performed by experienced 
GI pathologists. 

Definitions and study outcomes 
Technical success was defined as successful puncture of the 
target lesion. We estimated core-tissue adequacy using a pre-
viously reported scoring system.24,25 We used a 3-scale scoring 
system: insufficient material for interpretation (0), sufficient 
material with low quality for histological interpretation (1), and 
good quality for histological interpretation (2). Suboptimal core 
tissue adequacy was scored as 0 or 1, and adequate core tissue 
as 2 (Table 1). The tumor area was measured using a digital 
slide scanner and slide viewer software dedicated to histological 

assessment (CaseViewer; 3DHISTECH Ltd., Budapest, Hunga-
ry). The surface area of adequate core tissue on each scanned 
slide was digitally marked and calculated using the slide viewer 
software (Fig. 2). The histologic result of EUS-FNB or surgical 
resection was the final diagnosis for estimating the diagnostic 
accuracy. 

The primary outcome of this study was to compare the ade-
quate tissue acquisition rate and diagnostic accuracy between 
the SP and SS techniques for EUS-TS in upper GI SETs. The 
secondary outcome was to determine the factors related to core 
tissue adequacy using both techniques. 

Statistical analysis 
Chi-square or Fisher exact tests were performed for categorical 
variables and were presented as absolute values and percent-
ages. Continuous data were compared using Student t-test or 
Wilcoxon signed-rank tests and were summarized as mean 
and standard deviation (SD). A two-sided p-value of <0.05 was 

Table 1. Scores used to evaluate the adequacy of the specimen retrieved
Score Explanation
0 Insufficient material for interpretation
1 Sufficient material for low-quality histological interpretation (micro-fragments <550 μm in longest axis)
2 Sufficient material for good-quality histological interpretation (at least 1 core >550 μm in longest axis)

AA BB
Fig. 2. Representative images of the measured tumor area. (A) Gastrointestinal stromal tumor in the gastric corpus. (B) Leiomyoma in the 
esophagus.
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considered statistically significant. All analyses were performed 
using the IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA). 

Ethical statements 
The study protocol was approved by the Institutional Review 
Board (IRB) of Kyungpook National University Chilgok Hos-
pital (IRB No: KNUCH 2020-04-044). Informed consent was 
waived because of retrospective studies.

RESULTS 

Baseline characteristics of enrolled patients 
Fifty-four patients were included in this analysis. Most lesions 
were located at the stomach (85.2%). The mean lesion size was 
42.6±36.4 mm. The FNB needles used were ProCore (n=42, 
77.8%), Acquire (n=9, 16.7%), EZ shot (n=2, 3.7%), and ClearT-
ip (n=1, 1.8%). In addition, 20- and 22-gauge FNB needles were 
used in 63% (n=34) and 37% (n=20) of the patients, respective-
ly. The final diagnoses included GIST (n=41, 75.9%), leiomy-
oma (n=9, 16.7%), schwannoma (n=2, 3.7%), paraganglioma 
(n=1, 1.8%), and ectopic pancreas (n=1, 1.8%). The proportions 
of technical orders were 48.1% (SP/SS) and 51.9% (SS/SP). One 
patient developed an infection related to the procedure and re-
covered with intravenous antibiotics (Table 2). 

Comparison of diagnostic outcomes between slow-pull 
and standard suction techniques 
The overall diagnostic accuracies of the SP and SS techniques 
were 83.3% and 81.5%, respectively (p=0.800). There was no 
significant difference in the acquisition rates of adequate core 
tissue between the SP and SS techniques (79.6% and 75.9%, 
respectively; p=0.799). In addition, there was no significant 
difference in the median (interquartile range, IQR) tumor area 
estimated from adequate core tissue between the two tech-
niques (SP, 1.66 [IQR, 0.68–2.67] vs. SS, 1.79 [IQR, 0.76–3.02]; 
p=0.641) (Table 3). 

Subgroup analysis of adequate core tissue rate and tumor 
area 
We performed a subgroup analysis comparing the capability of 
SP and SS techniques in obtaining an adequate core tissue and 
the tumor area (mm2) (Figs. 3, 4). We further categorized the 
descriptors into the location of the lesion (stomach), lesion size 
(3 cm), FNB needle size, and final diagnosis with each tech-
nique. The rate of obtaining adequate core tissue was higher for 

Table 2. Baseline characteristics of enrolled patients (n=54)
Characteristic Value
Age (yr) 60.4±12.9
Male sex 32 (59.3)
Size (mm) 42.6±36.4
Site
 Esophagus 5 (9.3)
 Stomach
  Cardia 7 (13.0)
  Fundus 7 (13.0)
  Corpus 31 (57.4)
  Antrum 1 (1.8)
 Duodenum 3 (5.5)
Needle size
 20-gauge (ProCore) 34 (63.0)
 22-gauge 20 (37.0)
  Acquire 9
  ClearTip 1
  EZ shot 2
  ProCore 8
Technical order
 SP/SS 26 (48.1)
 SS/SP 28 (51.9)
Adverse events
 Infection 1 (1.8)
Final diagnosis
 GIST 41 (75.9)
 Leiomyoma 9 (16.7)
 Schwannoma 2 (3.7)
 Paraganglioma 1 (1.8)
 Ectopic pancreas 1 (1.8)
Diagnostic accuracy
 Overall 52 (96.3)
 SS vs. SP 44 (81.5) vs. 45 (83.3)
 First pass vs. second pass 42 (77.8) vs. 47 (87.0)

Values are presented as mean±standard deviation or number (%).
SP, slow-pull suction; SS, standard suction; GIST, gastrointestinal stromal 
tumor.

the SP technique with a 20-gauge FNB needle (SP, 82.4% vs. SS, 
67.6%; p=0.161) and for the SS technique with a 22-gauge FNB 
needle (SP, 75.0% vs. SS, 90.0%; p=0.212); however, there were 
no significant differences. 

DISCUSSION 

Our study demonstrated that SP and SS have similar diagnostic 
accuracies (83.3% vs. 81.5%; p=0.800) and comparable efficacies 
for acquiring adequate core tissue (79.6% vs. 75.9%; p=0.799). 
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Table 3. Comparison of diagnostic yield and specimen adequacy according to fine-needle biopsy techniques
Variable Slow-pull suction (n=54) Standard suction (n=54) p-value
Technical success 54 (100) 54 (100) 1.000
Diagnostic accuracy 45 (83.3) 44 (81.5) 0.800
Specimen adequacy score 0.799
 0 7 (13.0) 7 (13.0)
 1 4 (7.4) 6 (11.1)
 2 43 (79.6) 41 (75.9)
Area of adequate tissue (mm2) 1.66 (0.68–2.67) 1.79 (0.76–3.02) 0.641

Values are presented as number (%) or median (interquartile range).
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Fig. 3. The comparison of adequate core-tissue acquisition rate based on tissue sampling techniques. (A) Lesions located in the stomach. (B) 
Lesion size. (C) Needle size. (D) Final diagnosis. Others are leiomyoma, schwannoma, paraganglioma, ectopic pancreas. GIST, gastrointesti-
nal stromal tumor.
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In addition, the overall diagnostic accuracy for GI SETs was 
96.3%, which showed a higher rate of diagnostic outcomes than 
a previous meta-analysis that reported 59.9% for EUS-FNB TS 
in the diagnosis of GI SETs.26 We believe that the difference in 
diagnostic rates between the previous meta-analysis and our 
study may be attributed to the presence of inter-study heteroge-
neity. 

EUS-FNB may be a better procedure than EUS-FNA; how-
ever, it has suboptimal diagnostic accuracy. This is associated 
with specimen adequacy and preserved tissue architecture. 
Most GI SETs have spindle cell features; therefore, IHC staining 
of the core tissue specimens is necessary. Our general data re-
vealed factors that may improve diagnostic accuracy. In theory, 

suction may increase the amount of tissue sampled. But the 
technique increases blood contamination and damages the cell 
structure. Therefore, the role of suction remains controversial. 
In fact, most reports have analyzed these factors and their asso-
ciation in pancreatic lesions or other non-GI SET lesions.21,23,27 
Consequently, a comparative study between SP and SS for EUS-
FNB was required, particularly in GI SETs. Our results suggest 
that SP and SS have comparable diagnostic outcomes, including 
rates of obtaining an adequate core tissue and a tumor area. 

Several researchers have assessed the diagnostic outcomes us-
ing different FNB needle sizes. One retrospective study reported 
that a definitive diagnosis with full histological assessment, in-
cluding IHC, is achieved in approximately 88% of cases.28 Addi-
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Fig. 4. The comparison of obtaining tumor area based on tissue sampling techniques. (A) Lesions located in the stomach. (B) Lesion size. (C) 
Needle size. (D) Final diagnosis. Others are leiomyoma, schwannoma, paraganglioma, and ectopic pancreas. GIST, gastrointestinal stromal 
tumor.

tionally, a prospective study assessing the use of a 20-gauge FNB 
needle (ProCore) showed that the core tissue procurement and 
diagnosis rates with two needle passes were 94.4% and 88.9%, 
respectively.29 Similar to a previous study, our findings showed 
that the 20G ProCore FNB needle had an overall diagnostic 
accuracy of 91.2% (31/34). However, there was no statistical 
difference between the SP (79.4%) and SS groups (73.5%; 
p=0.776). Another retrospective study reported that EUS-FNB 
using a 22-gauge FNB needle (Acquire) in the diagnosis of pan-
creatic or GI SETs had a specimen adequacy for ROSE of 96.6% 
and a diagnostic accuracy of 96.7%.30 One prospective study 
revealed a 75% yield for diagnosis of GI SETs with the use of a 
22-gauge FNB needle (ProCore).31 Our results showed a higher 
rate for obtaining adequate core tissue with a 20-gauge FNB 
needle using the SP technique. In contrast, the SS technique 
showed a higher rate of obtaining adequate core tissue using a 
22-gauge FNB needle. However, the differences were not statis-
tically significant. 

In contrast, the obtained tumor area showed different results; 
a larger FNB needle (20-gauge) had a higher capability of ac-
quiring the tumor area with the SS technique. The tumor area 
was estimated by calculating the sum of the measured adequate 
core tissues, which might have caused this discrepancy. To the 
best of our knowledge, no previous reports have compared 
the SP and SS techniques with different FNB needle sizes. The 
sampling technique and FNB needle size may have affected the 
results, since most GISTs have necrotic tissue.32 

This study has several strengths. The SP and SS techniques 
were performed randomly and in an alternative order. This 
minimized bias from the retrospective design. In addition, we 
used a scoring system to estimate core tissue adequacy, which 
could have increased the objectivity of the results. This study 
had some limitations as well. First, it was a retrospective study. 
Although the technical order was randomized, the type and 
size of the FNB needles were not randomized. Second, we per-
formed TS using different FNB needle types and sizes. Third, 
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the bloodiness of EUS-FNB specimens were not compared 
according to EUS-TS techniques, although continuous negative 
suction in SS may aspirate more blood than SP. Future studies 
should estimate the clinical outcomes of TS techniques with re-
gard to different FNB needle sizes and types. 

In conclusion, we found comparable diagnostic outcomes of 
EUS-TS with SP and SS for upper GI SETs in terms of technical 
success, diagnostic accuracy, and core tissue acquisition rates. 
These results suggest that both SP and SS are practical options 
for EUS-guided TS for upper GI SETs. 
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Background/Aims: Narrow Band Imaging (NBI) International Colorectal Endoscopic (NICE) and Workgroup Serrated Polyps and 
Polyposis (WASP) classifications were developed for optical diagnosis of neoplastic and sessile serrated polyps, respectively. Near-focus 
NBI with NICE combined with WASP criteria for optical diagnosis of colonic polyps has not yet been evaluated. We aimed to compare 
the accuracy of near-focus NBI (group A) with normal-focus NBI (group B) in real-time optical diagnosis of colorectal polyps using 
combined NICE and WASP criteria. 
Methods: Among 362 patients, 118 with 227 polyps were recruited. Groups A and B included 62 patients with 130 polyps (three lost 
polyps) and 56 patients with 106 polyps (six lost polyps), respectively. Optical diagnoses were compared with pathological reports. 
Results: The accuracy of optical diagnosis of neoplastic polyps in groups A and B was not significantly different (76% vs. 71%, p=0.52). 
WASP criteria provided all false positive diagnoses of sessile polyps as serrated polyps in 31 (16.2%) patients. 
Conclusions: Near-focus NBI was not superior to normal-focus NBI in optical diagnostics of neoplastic polyps using NICE criteria. In 
our study, WASP classification yielded all false positives in the diagnosis of sessile serrated adenomas/polyps. Routine real-life optical 
diagnosis of polyps is still unadvisable. 

Keywords: Adenomatous polyp; Colonic polyps; Colonoscopy
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INTRODUCTION 

Colorectal cancer is the third most common cancer with sub-

stantial contribution to cancer-related mortality worldwide. 
Screening colonoscopy can reduce the risk and mortality to 
approximately 53% to 80%.1,2 However, nearly half of detected 
small polyps are non-neoplastic with a negligible risk of trans-
formation to cancer; therefore, polypectomies of these polyps 
are unnecessary.2,3 Narrow band imaging (NBI) is an image-en-
hancing technology that utilizes narrow-band light filters to im-
prove visualization of mucosal surface architecture and vascular 
patterns.4 Many studies, including multiple meta-analyses, show 
the efficacy of NBI for the optical diagnosis of polyps, with re-
ported sensitivities of 85% to 92.2%.5-14 

The NBI International Colorectal Endoscopic Society has 
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proposed the NBI International Colorectal Endoscopic (NICE) 
criteria to differentiate neoplastic lesions, namely, adenoma and 
deep submucosal invasive cancer from hyperplastic polyps.15,16 
This classification system showed a good correlation between 
the optical and histopathological diagnoses in some pilot stud-
ies by expert endoscopists, while other studies in community 
settings showed inferior results.3,17,18 Sessile serrated adenomas/
polyps (SSAPs) are difficult to differentiate from hyperplastic 
polyps by colonoscopy, even when using NBI and the NICE cri-
teria.19-21 A meta-analysis of 10 studies (eight with magnifying 
NBI and two with standard NBI) showed a pooled sensitivity 
and specificity of 0.6 and 0.75 for optical diagnosis of SSAPs, 
respectively.22 Endoscopic features of SSAPs, as validated by 
international NBI experts, include (1) a cloud-like surface, 
(2) indistinct borders, (3) irregular shapes, and (4) dark spots 
inside the crypts, with the combination of all four characters 
yielding an accuracy of 93%.23 The Workgroup Serrated Polyps 
and Polyposis (WASP) developed a classification combining 
the NICE classification and the criteria for SSAPs to distinguish 
hyperplastic polyps from SSAPs, and the WASP criteria signifi-
cantly improved the accuracy of optical diagnosis despite the 
use of only two features of SSAPs.24 One study evaluated the 
accuracy of optical diagnosis of NBI without optic magnifica-
tion using combined NICE and WASP classification as assessed 
by non-expert endoscopists and showed moderate accuracy for 
the real-time optical diagnosis of colorectal lesions.25 

The introduction of a novel dual-focus capability (Olympus 
Co., Tokyo, Japan) enables optical magnification of up to 65× 
in near-focus (NF) compared with 52× in standard focus (SF).26 
Several case series and comparative studies have used SF-NBI 
to assess the diagnostic accuracy of available NF-NBI technolo-
gy,26-30 which reported high accuracies in series reports and bet-
ter or similar results to SF-NBI in comparative studies. To the 
best of our knowledge, no study on NF-NBI has incorporated 
the NICE and WASP criteria in the optical diagnosis of colonic 
polyps. Therefore, we aimed to compare the accuracy of optical 
diagnosis between NF-NBI and SF-NBI by NBI-non-expert en-
doscopists using the combined NICE and WASP criteria. 

METHODS 

Patient selection 
This prospective randomized trial was conducted at the NKC 
Institute, a tertiary health center in affiliation with the Prince 
of Songkla University. Patients aged 18 to 75 years who were 

scheduled for colonoscopy at the NKC Institute from April 
2019 to January 2020 were enrolled. Patients with inflammatory 
bowel disease, polyposis syndrome, colonic masses, active gas-
trointestinal bleeding, pregnancy, inadequate bowel preparation 
(Boston bowel preparation score <5),31 or any contraindications 
for polypectomy were excluded. 

Study design and colonoscopy procedure 
Randomization codes were generated by a computer using a 
block of two and concealed in envelopes. Patients who consent-
ed to the study were randomized to either the NF-NBI (group A) 
or the SF-NBI (group B) group, according to the randomization 
codes in sealed envelopes selected at the start of the procedure.  

Bowel preparation  
A split dose of 90 mL was used. A solution of monobasic sodi-
um phosphate+dibasic sodium phosphate (Swiff, Berlin, Osoth 
Inter Laboratories Co.,Ltd., Bangkok, Thailand) or a hospi-
tal-prepared formula of polyethylene glycol solution was used 
for bowel preparation. Bowel preparation quality was assessed 
using the Boston bowel preparation score scale.31 

Colonoscopy procedure 
All procedures were performed with a high-definition colono-
scope (Evis Exera III CF HQ 190 L/I with DF capability; Olym-
pus Co.). The NF mode measured a 2 to 6-mm depth of field 
with 65× magnification at a 2-mm distance, and the SF mode 
provides a 5 to 100-mm depth of field with 52× magnification 
at 5 mm.26 No prior formal training for NBI image interpre-
tation was completed by the endoscopists participating in the 
study, and none of the endoscopists were blinded to the NBI 
colonoscope model. All staff endoscopists were familiar with 
the NICE criteria but not the WASP criteria during routine 
colonoscopy. The colonoscopy was performed under conscious 
sedation using midazolam and pethidine or fentanyl by three 
trainees under the supervision of staff members according to 
our institute’s sedation protocol. All colonoscopies were per-
formed initially with high-definition white light, and if a polyp 
was detected, NBI mode was employed. The optical diagnosis 
of polyps was aided using color image charts of the NICE and 
WASP classifications as reference standards.16,24 The confidence 
of endoscopists in making an optical diagnosis was not assessed 
in this study. In group A, the optical diagnosis of polyps was 
performed using the NF-NBI mode, and in group B, using the 
SF-NBI mode. Each polyp was evaluated in real time by the 
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best image captured and stored on a computer using the En-
do-Smart Program ver. 7 (Kainatic Engineering Co., Ltd., Bang-
kok, Thailand). The polyp size was estimated using the width of 
the opened biopsy forceps as the reference. The polyp morphol-
ogy was described as either pedunculated (O-Ip), sessile (O-
Is), or flat (O-IIb).32 Diminutive polyps were defined as polyps 
<5 mm.26 The location, size, number, morphology, and optical 
diagnosis of the polyps were recorded in a data recording form. 

Polyp characterization 
Optical diagnosis of each polyp was made according to the 
NICE and WASP classifications. Based on the NICE classifi-
cation,16 polyps were classified as type I, hyperplastic; type II, 
adenomatous or superficial mucosal invasive cancer (depth 
<1,000 µm); and type III, deep mucosal invasive cancer (depth 
≥1,000 µm). For sessile and flat polyps, regardless of the NICE 
classification, additional assessments were performed based on 
the WASP classification.24 SSAPs were diagnosed if two of the 
following features were present: (1) a clouded surface, (2) indis-
tinctive borders, (3) irregular shapes, and (4) dark spots inside 
the crypts.24 

Pathological polyp evaluation 
All polyps were removed using biopsy forceps, cold snares, or 
hot snares at the discretion of the attending staff, and the resect-
ed specimens were sent for histopathological examination. All 
histological assessments were performed by a single pathologist 
(KK) according to the World Health Organization criteria.33 No 
validation of the pathologist’s accuracy by an independent pa-
thologist was performed in this study. 

Endpoints 
The primary outcome was the performance of NF-NBI com-
pared with SF-NBI in the following: (1) optical diagnosis of 
neoplastic polyps and (2) differentiation of serrated adenomas 
from hyperplastic polyps for sessile polyps, compared with his-
tologic evaluation. The performance was assessed by accuracy, 
sensitivity, specificity, positive predictive value (PPV), and neg-
ative predictive value (NPV) of NF-NBI compared to SF-NBI.  

Sample size calculation 
The sample size was calculated with the assumption that NF-
NBI was 10% superior to SF-NBI. The number of polyps re-
quired was 252 in each group in order to detect a difference 
with an accuracy with a power of 80% at the significance level 

α=0.05, calculated by using the comparison of two proportions 
based on the accuracy of SF-NBI=75%.34,35  

Statistical analysis 
Continuous variables are presented as means±standard devi-
ations, and statistical analysis was performed using Student 
t-test. The discrete variables are presented as percentages. The 
accuracy, sensitivity, specificity, PPV, and NPV were presented 
as percentages, and the chi-square test or Fisher exact test were 
performed for analysis as appropriate. Statistical significance 
was set at p<0.05. All statistical analysis was conducted using R 
(ver. 3.6.1; Vienna, Austria). 

Ethical statements 
The study protocol was approved by the Ethics Committee of 
the Faculty of Medicine, Prince of Songkla University (Regis-
tration No. 61355143) and was registered with Clinical Trials.
gov (NCT 04831814) on 04/01/2021. This study was conducted 
in accordance with the principles of the Declaration of Helsin-
ki. Informed consent was obtained from each patient prior to 
study entry. 

RESULTS 

In total, 362 patients were recruited between April 2019 and 
January 2020, and 118 of them had polyps on colonoscopy and 
were eventually randomized into the study groups (Fig. 1). A 
total of 236 polyps were detected in the whole group, but nine 
polyps (3 of 130 polyps in group A, 6 of 106 polyps in group B) 
were lost during the retrieval process, leaving only 227 polyps 
eventually available for pathological assessment. The number of 
missing polyps was not significantly different between the two 
groups (p=0.35). 

Of the 227 total polyps, 144 (63.4%) of the polyps were ad-
enomas, 79 (34.8%) were hyperplastic polyps, and 4 (1.8%) 
were cancers according to histological results. There were 191 
sessile and flat polyps, but no SSAPs were detected. The most 
common site of polyps was in the sigmoid colon (30%), and 
188 of 227 (82.8%) polyps were diminutive in type. The polyp 
detection rate and adenoma detection rate for the entire group 
of 362 patients were 118 of 362 (32.6%) and 86 of 362 (23.8%), 
respectively. 

Sixty-two patients with 130 polyps, including three polyps 
lost before histologic evaluation, were assigned to group A, and 
56 patients with 106 polyps, including six polyps lost before 
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histologic evaluation, were allocated to group B (Fig. 1). There 
were no significant differences between the two groups regard-
ing age, sex, indications for colonoscopy, total procedure time, 
withdrawal time, cecal intubation rate, complication rate, polyp 
size, morphology, histology, and location (Table 1). The quality 
of bowel preparation in group A was significantly better than 
that in group B (p=0.01). There were 76 adenomatous polyps 
and two cancers by histology in group A, and 68 adenomatous 
polyps and two cancers in group B, but the differences were not 
statistically significant (p=0.43). 

Primary end point 
The accuracy, sensitivity, specificity, PPV, and NPV of NICE 
in optical diagnosis of neoplastic polyps were 76%, 72%, 81%, 
86%, 64%, respectively, in group A, and 71%, 66%, 83%, 90%, 
51%, respectively, in group B. The performance of NF-NBI 
was not better than that of SF-NBI for the optical diagnosis of 
neoplastic polyps (p=0.52, p=0.45, p=0.85, p=0.51, and p=0.09, 
respectively) (Table 2). The NPV in NF-NBI was greater than 
that in SF-NBI, although the difference was not statistically sig-
nificant (p=0.09). 

Outcome measures according to interobserver variations 
The capability of each endoscopist in optical diagnosis of pol-
yps using the NICE classification (excluding WASP for SSAPs) 
compared with histological analysis by using Cohen’s K-coef-

ficient were 79.21% (kappa=0.579) for endoscopist I, 64.58% 
(kappa=0.431) for endoscopist II, 54.55% (kappa=–0.009) for 
endoscopist III, and 50% (kappa=0.213) for endoscopist IV. 

The accuracy of the NICE classification for optical diagnosis 
of neoplastic polyps in both groups by the endoscopists with 
greater kappa values (kappa=0.579 and 0.431) was 76%. This 
was significantly greater than the 57% score by the endoscopists 
with lower kappa values (kappa=0.0213 and -0.0009) (p=0.007). 
The accuracy of the NICE classification in the optical diagnosis 
of neoplastic polyps by the endoscopists with higher kappa val-
ues was 79% in group A, and was greater than the 71% accuracy 
in group B, however the difference was not significant (p=0.25) 
(Supplementary Table 1), whereas the accuracy of optical di-
agnosis using the NICE classification for neoplastic polyps by 
the endoscopists with lower kappa values was 55% in group 
A, which was lower than the 60% accuracy in group B, but the 
difference failed to reach statistical significance (p=0.57) (Sup-
plementary Table 2). 

The sensitivity and NPV of using the NICE classification in 
predicting neoplastic polyps of both groups by the endosco-
pists with higher kappa values were 72% and 62%, which were 
significantly higher than the sensitivity and NPVs of 48% and 
49%, respectively, by the endoscopists with lower kappa values 
(p=0.002 and p=0.004, respectively), but the specificity and 
PPV were not significantly different between the two groups of 
endoscopists, namely 83% and 88% for the endoscopists with 

Assessed for eligibility (n=362)Enrollment

3 Missing polyps with no histological diagnosis

127 Polyps included in analysis

6 Missing polyps with no histological diagnosis

100 Polyps included in analysis

Excluded (n=244)
• No polyps detected (n=244)

Data collection

Analysis

118 Randomized

Near-focus NBI
62 Patients and 130 polyps

Normal-focus NBI
56 Patients with 106 polyps

Allocation

Fig. 1. Flow diagram of the study.
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higher kappa compared with 77% and 82% for the endoscopists 
with lower kappa; (p=0.207 and p=0.228, respectively). 

The sensitivity, specificity, PPV, and NPV using the NICE 
classification in predicting neoplastic polyps by the endosco-
pists with higher kappa values were 75%, 86%, 90%, 67% in 
group A, respectively, and 65%, 83%, 89%, 54% in group B, 
respectively, with no significant difference (p=0.165, p=0.696, 
p=1.000, and p=0.083, respectively). The sensitivity, specifici-
ty, PPV, and NPV using the NICE classification in predicting 
neoplastic polyps by the endoscopists with lower kappa values 
were 41%, 80%, 78%, 44% in group A, respectively, and 58%, 

67%, 88%, 29% in group B, respectively. The sensitivity in group 
A was significantly lower than that in group B (p=0.023). In 
contrast, the NPV of 44% in group A was significantly higher 
than that of 29% in group B (p=0.039); however, there were no 
significant differences in specificity and PPV between the two 
groups (p=0.054 and p=0.090, respectively). 

For diminutive polyps 
There were no statistical differences in accuracy, sensitivity, 
specificity, PPV, and NPV in the optical diagnosis of diminutive 
neoplastic polyps between groups A and B (Table 3). When 

Table 1. Baseline characteristics, colonoscopic procedure details, and polyp’s characteristics of groups A and B
Characteristic Near-focus (n=62) (group A) Normal-focus (n=56) (group B) p-value
Age (yr) 59.3±8.7 60±8 0.63
Sex (male/female) 40/22 34/22 0.82
Indication 0.56
 CRC screening 38 (61.3) 29 (51.8)
 Diagnosis 24 (38.7) 27 (48.2)
Boston bowel preparation score (mean) 0.01
 6 0 (0) 2 (3.6)
 7 1 (1.6) 0 (0)
 8 0 (0) 4 (7.1)
 9 61 (98.4) 50 (89.3)
Total procedure time (min) 52.9±22 54.5±27.3 0.73
Withdrawal time (min) 19.6±11.3 24.2±20.9 0.13
Cecal intubation 59 (95.2) 52 (92.9) 0.71
Complications 0 (0) 1 (1.8) 0.48
Polyp numbera) 127 100 0.13
Polyp size (mm) 3.8± 2.1 4.6±5.2 0.32
Polyp morphology 0.31
 Sessile 113 (89.0) 82 (82.0)
 Pedunculated 12 (9.4) 17 (17.0)
 Flat 2 (1.6) 1 (1.0)
Polyp location 0.65
 Cecum 10 (7.9) 11 (11.0)
 Ascending colon 23 (18.1) 14 (14.0)
 Transverse colon 24 (18.9) 16 (16.0)
 Descending colon 18 (14.2) 17 (17.0)
 Sigmoid colon 35 (27.6) 33 (33.0)
 Rectum 17 (13.4) 9 (9.0)
Histopathology 0.43
 Hyperplastic 49 (38.6) 30 (30.0)
 Adenomatous 76 (59.8) 68 (68.0)
 Cancer 2 (2.4) 2 (2.0)

Values are presented as mean±standard deviation or number (%).
CRC, colorectal cancer.
a)Available for histologic assessment.
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performance was assessed by comparing both groups with 
both diminutive groups, the accuracy, sensitivity, specificity, 
PPV, and NPV of using the NICE classification in predicting 
neoplastic polyps were 74%, 69%, 82%, 88%, and 58% for the 
whole group and were 68%, 59%, 82%, 82%, and 58% for the 
diminutive group, respectively; however, the differences were 
not significant (p=0.44, p=0.19, p=1.00, p=0.32, and p=1.00, re-
spectively). 

Outcome of WASP criteria in sessile polyps 
In 191 sessile and flat polyps, the WASP criteria classified pol-
yps as serrated polyps in 31 (16.2%) cases; however, histology 
did not confirm the diagnosis in all 31 polyps. Pathological 
examination of polyps classified serrated polyps according to 

the WASP criteria revealed hyperplastic polyps in 11 cases and 
adenomatous polyps in 20 cases. In group A, the WASP criteria 
falsely diagnosed 22.5% (25 out of 111 sessile or flat polyps) 
SSAPs, whereas in group B, the WASP criteria falsely diagnosed 
7.5% (6 out of 80 sessile or flat polyps) SSAPs, and the differ-
ence was statistically significant (p=0.0285). In group A, nine of 
59 (15.3%) NICE I were designated as SSAPs using the WASP 
criteria and 16 of 50 (32%) NICE II were designated as SSAPs 
using the WASP criteria, but the difference between NICE I 
and NICE II was not significant (p=0.1575); in group B, 2 of 47 
(4.3%) NICE I were designated as SSAPs using the WASP crite-
ria and 4 of 31 (12.9%) NICE II were designated as SSAPs using 
the WASP criteria, and the difference between NICE I and 
NICE II was not statistically significant (p=0.39). There were no 

Table 2. Accuracy, sensitivity, specificity, PPV and NPV of NICE criteria in groups A and B
The whole group Near-focus (n=127) (group A) 95% CI Normal-focus (n=100) (group B) 95% CI p-value
Neoplastic (n=149) 79 70
 Accuracy (%) 76 67–83 71 61–80 0.52
 Sensitivity (%) 72 61–82 66 53–77 0.45
 Specificity (%) 81 67–91 83 65–94 0.85
 PPV (%) 86 76–94 90 79–97 0.51
 NPV (%) 64 51–76 51 36–66 0.09
Hyperplastic polyp (n=78) 48 30
 Accuracy (%) 76 67–83 71 61–80 0.52
 Sensitivity (%) 81 67–91 83 65–94 0.85
 Specificity (%) 72 61–82 66 53–77 0.45
 PPV (%) 64 51–76 51 36–66 0.09
 NPV (%) 86 76–94 90 79–97 0.51

PPV, positive predictive value; NPV, negative predictive value; NICE, Narrow Band Imaging International Colorectal Endoscopic; CI, confidence interval. 

Table 3. Accuracy, sensitivity, specificity, PPV and NPV by NICE criteria in the polyps ≤5 mm
The diminutive group Near-focus (n=109) (group A) 95% CI Normal-focus (n=78) (group B) 95% CI p-value
Neoplastic (n=110) 61 49
 Accuracy (%) 72 62–79 64 52–74 0.29
 Sensitivity (%) 64 51–76 53 38–67 0.15
 Specificity (%) 81 67–91 83 64–94 0.85
 PPV (%) 81 67–91 84 66–95 0.71
 NPV (%) 64 51–76 51 36–66 0.09
Hyperplastic polyp (n=77) 48 29
 Accuracy (%) 72 62–79 64 52–75 0.29
 Sensitivity (%) 81 67–91 83 64–94 0.85
 Specificity (%) 64 51–76 53 38–67 0.15
 PPV (%) 64 51–76 51 66–95 0.71
 NPV (%) 72 62–79 64 52–75 0.29

PPV, positive predictive value; NPV, negative predictive value; NICE, Narrow Band Imaging International Colorectal Endoscopic; CI, confidence interval. 
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differences in false diagnosis rates between NICE I and NICE II 
in group A compared with group B (p=0.11 and p=0.20, respec-
tively). Of the 31 polyps classified as serrated polyps according 
to the WASP criteria, 25 polyps had two features and six polyps 
had four features of SSAPs. 

Optical diagnosis missed classification 
NICE I classification misclassified adenomatous polyps as 
hyperplastic polyps in 20 (32.8%) in group A and 24 (49.0%) 
patients in group B, and one cancer as hyperplastic polyps (1.6%) 
in group A (p=0.16) (Table 4). 

NICE II classification misclassified hyperplastic polyps as 
adenomatous polyps in nine (14.5%) polyps in group A and five 
(10.6%) polyps in group B (p=0.76). 

NICE III classification misclassified three adenomatous pol-
yps as malignant lesions in group A and misclassified two ad-
enomatous polyps as malignant lesions in group B. There was 
no statistically significant difference between the two groups 
(p=0.82). 

Complications 
Post-polypectomy bleeding requiring the application of hemo-
static clips occurred in one patient in group B, and the compli-
cation rate was similar between the two groups (p=0.97). 

DISCUSSION 

Preliminary analysis in our study showed that the diagnostic ac-
curacy of NF-NBI was not significantly higher than that of SF-
NBI (76% vs. 71%) in distinguishing neoplastic and non-neo-
plastic polyps based on the NICE criteria by the non-expert 
endoscopists, but findings must be interpreted with caution as 
we recruited patients with polyps of less than half the calculated 
sample size, so this may be underpowered to detect the differ-

ence. The efficacy of NF-NBI in the optical diagnosis of polyps 
has been reported in multiple studies, with variable results. Two 
series reports from academic centers showed a high accuracy 
in NF-NBI; one report of 63 polyps in 55 patients showed that 
combination NF-NBI with acetic acid had 85.5% accuracy in 
the prediction of polyp histology when the confidence in op-
tical diagnosis of the endoscopists was high27; another report 
using NF-NBI with a transparent cap combined with digital 
magnification of 164 polyps in 87 patients with an overall ac-
curacy of 97% if the optical diagnosis was made with high con-
fidence.30 In comparative studies, one prospective multi-center 
randomized study required all participating endoscopists 
trained for NBI to attain 90% accuracy prior to the study and 
compared NF-NBI with of SF-NBI (180 series) and showed that 
NF-NBI yielded a higher confidence optical diagnosis than did 
SF-NBI (85.1% vs. 72.6%).28 Another series study comparing 
white light, SF-NBI, and NF-NBI sequentially in the same pa-
tient demonstrated that NF-NBI improved accuracy more than 
SF-NBI,29 whereas another study reported similar accuracy of 
NF-NBI (79%) compared of SF-NBI (180 series) (78%) in the 
optical diagnosis of colorectal polyps, despite prior training of 
endoscopists to attain 90% accuracy.26 Our study showed an ac-
curacy of 76% for NF-NBI in the optical diagnosis of neoplastic 
polyps that was comparable to that reported by Wallace et al.26 
using NF-NBI, but lower than that reported by Hewett et al.15 
(89%) using SF-NBI. No formal training for endoscopists was 
required in our study, and the endoscopists relied on the color 
image chart of the NICE criteria as a reference. The NPV of 
51% to 64% reported in our study was below the 90% Preser-
vation and Incorporation of Valuable endoscopic Innovations, 
as recommended by American Society for Gastrointestinal En-
doscopy as an acceptable capability to implement optical diag-
nosis.14 We did not assess confidence level in optical diagnosis; 
a high-confidence optical diagnosis may have improved the 

Table 4. Optical diagnostic accuracy of polyps by NICE classification in groups A and B
Hyperplastic polyp Adenomatous polyp Deep invasive cancer p-value

Group A NICE I (n=61) 40 (65.6) 20 (32.8) 1 (1.6) 0.16
Group B NICE I (n=49) 25 (51.0) 24 (49.0) 0 (0)
Group A NICE II (n=62) 9 (14.5) 53 (85.5) 0 (0) 0.76
Group B NICE II (n=47) 5 (10.6) 42 (89.4) 0 (0)
Group A NICE III (n=4) 0 (0) 3 (75.0) 1 (25.0) 0.82
Group B NICE III (n=4) 0 (0) 2 (50.0) 2 (50.0)

Values are presented as number (%).
NICE, Narrow Band Imaging International Colorectal Endoscopic.
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outcomes of this study.27-30 

This study showed no difference between NF-NBI and SF-
NBI in assessing diminutive polyps ≤5 mm compared with 
those >5 mm; however, the number of polyps >5 mm was low. 
In one study, NF-NBI performance was better in diminutive 
polyps ≤5 mm, with an accuracy of 89% and NPV of 96% when 
the optical diagnosis was made with high confidence.28 In con-
trast, another retrospective study by Hattori et al.36 using NBI 
with magnification showed that a NICE I optical diagnosis for 
small polyps ≤1 cm misclassified 20% of adenomatous polyps 
and 42% of diminutive adenomas as hyperplastic polyps. 

The accuracy of endoscopists with high capability (higher 
kappa) was superior to that of endoscopists with lower capabili-
ty (lower kappa), implying that the skill of the endoscopist con-
tributes to the accuracy in our study, which is in line with the 
findings of one meta-analysis.14 However, the number of cases 
performed by endoscopists with lower kappa values was low. 
The Detect Inspect Characterise Resect and Discard 2 study 
that used NICE criteria in non-academic centers showed a sen-
sitivity of 83% for the presence of adenomas;3 in contrast to our 
study, endoscopist expertise in the Detect Inspect Characterise 
Resect and Discard 2 study did not improve performance. 

Histologic and optical diagnostic discrepancies have been re-
ported to vary from 3.4% to 19.3%.3,28 We did not assess the ac-
curacy of our pathologists; therefore, the effect on the outcome 
due to variation in pathological diagnosis accuracy could not be 
assessed. 

The WASP criteria provide all false optical diagnoses for 
SSAPs. In this study, the WASP criteria were applied to sessile 
and flat polyps, regardless of NICE stratification. For NICE I 
lesions, the WASP criteria provided fewer false positives than 
NICE II in both groups A and B, although the differences were 
not statistically significant. The WASP criteria to detect SSAPs 
for non-expert endoscopists without prior training were unre-
liable in this study, and NF-NBI did not provide additional ad-
vantages. In our study, only two of the four WASP criteria were 
used for the diagnosis of SSAPs, while one study that validated 
the NBI for SSAPs using all four features showed an accuracy 
of 93%23; however, in our study, 25 out of 31 polyps had only 
two features, which may account for the low accuracy using 
the WASP criteria. Surprisingly, NF-NBI led to significantly 
more false positives (25/111) than SF-NBI (6/80) did. This may 
be due to the narrow focal length of NF-NBI compared to the 
longer focal length in SF-NBI and that no measures to stabilize 

the distance from the tip of the endoscope to the polyp were 
taken, leading to a more blurred margin and/or blurred surface 
in NF-NBI than in SF-NBI, which may contribute to more false 
positives in the NF-NBI group. Further studies with a larger 
number of polyps and prior training of the endoscopists with 
measures to stabilize the distance between the endoscope and 
polyp, as well as using all four features of the WASP criteria, 
may clarify the role of the WASP criteria in using NF-NBI in 
differentiating SSAPs from hyperplastic polyps. 

There were some limitations in our study as follows: (1) the 
inadequate sample size, as this was a preliminary analysis, (2) 
the lack of assessment of endoscopist confidence in optical 
diagnosis that may alter the outcome in our study, (3) the lack 
of prior training and assessment of endoscopists participating 
in the study, (4) the small number of polyps included in the 
assessment of WASP criteria, (5) the lack of validation of the 
accuracy of pathological reports of sessile serrated polyps, and 
(6) the lack of measures to maintain constant focal length from 
the tip of the endoscope to the polyp that may affect the image 
sharpness of NF-NBI. 

In conclusion, our preliminary data showed that NF-NBI was 
not superior to SF-NBI in the optical diagnosis of polyps using 
the NICE criteria. The WASP classification yielded all false pos-
itives for the diagnosis of SSAPs in our study. With the current 
capability of image-enhancing technology, the routine use of 
optical diagnosis of polyps in real-life practice is still unadvis-
able. 
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Background/Aims: Endoscopic submucosal dissection (ESD) for residual or recurrent colorectal lesions after incomplete resection is 
challenging because of severe fibrosis. This study aimed to compare the efficacy of the pocket-creation method (PCM) with a traction 
device (TD) with that of conventional ESD for residual or recurrent colorectal lesions. 
Methods: We retrospectively studied 72 patients with residual or recurrent colorectal lesions resected using ESD. Overall, 31 and 41 le-
sions were resected using PCM with TD and conventional ESD methods, respectively. We compared patient background and treatment 
outcomes between the PCM with TD and conventional ESD groups, respectively. The primary endpoints were en bloc resection and R0 
resection rates. The secondary endpoints were the dissection speed and incidence of adverse events. 
Results: En bloc resection was feasible in all cases with PCM with TD, but failed in 22% of cases of conventional ESD. The R0 resection 
rates for PCM with TD and conventional ESD were 97% and 66%, respectively. Dissection was significantly faster in the PCM with TD 
group (13.0 vs. 7.9 mm2/min). Perforation and postoperative bleeding were observed in one patient in each group. 
Conclusions: PCM with TD is an effective method for treating residual or recurrent colorectal lesions after incomplete resection. 

Keywords: Colorectum; Endoscopic submucosal dissection; Pocket-creation method; Residual or recurrent lesion; Traction device  
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INTRODUCTION 

Endoscopic mucosal resection (EMR) is a standard technique 
used for colorectal tumor resection, especially in Western coun-

tries, because of its simplicity and medical economy.1 However, 
it has uncertain outcomes for lesions measuring ≥20 mm and 
submucosal invasive cancer. The occurrence of residual or 
recurrent lesions due to incomplete resection after EMR/endo-
scopic piecemeal mucosal resection (EPMR) is problematic.2 
The advent of endoscopic submucosal dissection (ESD) has 
made en bloc and R0 resection of colorectal tumors possible, 
with almost no recurrence, irrespective of tumor size.1,3,4 How-
ever, residual or recurrent lesions after incomplete resection by 
EMR/EPMR are associated with insufficient lifting with local 
injection due to severe fibrosis, and ESD for these lesions is ex-
tremely technically demanding, even for experts.5,6 

Various techniques have been reported for the endoscopic 
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treatment of residual or recurrent colorectal lesions. Ablation 
techniques such as snare tip and argon plasma coagulation are 
simple and easy to use.7 However, the main concern is that tis-
sue specimens cannot be collected for pathological diagnosis. 
The avulsion technique is also a simple and easy technique; 
however, an accurate pathological diagnosis with this technique 
is difficult because it does not allow complete en bloc resection.7 
The grasp-and-snare technique has a higher possibility of ac-
curate pathological diagnosis than the avulsion technique, but 
it requires a double-channel endoscope, and depending on the 
lesion size, en bloc resection may be difficult.8,9 Thus, additional 
surgical resections may be performed for these lesions to ensure 
accurate pathological evaluations.10 

Therefore, an ESD technique that can perform R0 resection 
endoscopically for residual or recurrent colorectal lesions is 
needed. We recently reported the pocket-creation method 
(PCM) with a traction device (TD) (Fig. 1), enabling safe en 
bloc resection even in difficult situations.11,12 This study aimed 
to evaluate the efficacy and safety of PCM with TD compared 
with conventional ESD for residual or recurrent colorectal 
lesions after incomplete resection by polypectomy or EMR/
EPMR. 

METHODS 

Study subjects 
Seventy-two patients with residual or recurrent colorectal le-
sions underwent ESD at the Cancer Institute Hospital of the 
Japanese Foundation for Cancer Research between April 2012 
and June 2020. Medical records of all cases were collected con-
secutively, with no exclusions. We divided the 72 patients into 
two groups according to the ESD procedure; 41 lesions treated 
with conventional ESD served as the control group and were 
compared with 31 lesions in the PCM with TD group. Magnify-
ing endoscopy was performed before ESD for epithelial tumors 
to increase the accuracy of invasion depth diagnosis. Endo-
scopic ultrasonography was used when there was concern for 
submucosal recurrence with a “normal” mucosal appearance. 

Definitions of residual and recurrent lesions 
Recurrent lesions were defined as persistent lesions at the same 
site that had been previously resected with one or more en-
doscopic resections (polypectomy or EMR/EPMR). Residual 
lesions were defined as lesions that were partially resected with 
one or more endoscopic resections (polypectomy or EMR/

Fig. 1. Procedure for the pocket-creation method with a traction de-
vice. (A) Sufficient local injection is performed on the oral side of the 
lesion, and incision/trimming is performed on approximately half of 
the lesion circumference. Sufficient local injection is performed on 
the anal side, and a traction device (TD) is attached approximately 
10 mm away from the lesion on the anal side before starting the 
incision. (B) Another an endoscopic clip is fixed to the attached TD, 
which is then attached to the contralateral side of the colorectum to 
the lesion. The surrounding mucosa to which the TD is attached, 
including the submucosal layer immediately below, is under traction, 
exposing the submucosal layer as the incision is made. (C) Subse-
quently, if the submucosal layer is dissected, it forms a mucosal flap, 
facilitating the entry of the tip of the endoscope. Submucosal pockets 
rapidly form if dissection is continued without making a circum-
ferential incision. When the submucosal pocket exceeds 50% of the 
lesion area beyond the center of the lesion, a circumferential incision 
is made to open the pocket. Then, dissection is performed in stages 
until it is fully completed.
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EPMR). In addition, cases where the “vertical margin was posi-
tive in previously resected pathological findings” were included 
as residual lesions even if the endoscopic findings revealed only 
scarring and no tumors on the mucosal surface. The reason for 
this classification is that it is impossible to rule out residual tu-
mors in the submucosal layer.  

Colorectal ESD method  
The ESD procedure was performed as previously described.12 
The patients were administered 1,800 mL Magcorol P (68 g of 
magnesium citrate; Horii Pharmaceutical, Osaka, Japan) the 
day before ESD as pretreatment. On the day of ESD, 2 L of oral 
polyethylene glycol solution was administered. Midazolam and 
pethidine hydrochloride were administered intravenously for 
conscious sedation. Hyoscine-N-butyl bromide or glucagon 
was administered intravenously as antispasmodics. For the 
endoscope, GIF-Q260J and GIF-H290T were used for rectal 
or anal colonic lesions, and PCF-Q260J and PCF-H290T were 
used for oral colonic lesions. A disposable hood with a wide tip 
opening diameter (D-201-11804; Olympus, Tokyo, Japan) was 
used for attachment. We used a dual knife (KD-650 Q; Olym-
pus) or dual knife J (KD 655 Q; Olympus). Hemostatic forceps 
(FD-411QR; Olympus) were used when arterial bleeding was 
difficult to control using the knife tip. The VIO 300 D (ERBE 
Elektromedizin GmbH, Tubingen, Germany) was used as the 
high-frequency device, and mucosal incisions and most of the 
submucosal dissections were made in the Endo-Cut I mode 

(effect, 2; duration, 2; and interval, 2), and the SWIFT coagula-
tion mode (effect 3, 45 W) was used to dissect the submucosa 
with fat tissue and a large number of blood vessels. Carbon 
dioxide was used in all cases. Submucosal injection of glycerin 
and 0.4% sodium hyaluronate mixed with a small amount of 
indigo carmine and epinephrine was administered to elevate 
the submucosa. 

Figure 2 shows the schematic of each method. Conventional 
ESD was the only procedure performed in the early part of the 
study period, between April 2012 and June 2016. Since we de-
veloped a PCM with TD in July 2016, PCM with TD has been 
applied to most procedures. The TD used in this study was 
created with a ring-shaped nylon thread with a diameter of ap-
proximately 15 mm and attached to the base of the endoscopic 
clip (HX-610-090S; Olympus). TD was delivered through the 
scope, and the traction force was adjusted by the volume of air 
supply in the lumen, and there were no restrictions on the loca-
tion of the lesion or the direction of traction. 

The PCM with TD procedure was performed as follows. (1) 
Incision and dissection were performed on the oral side of the 
lesion, as in conventional ESD. (2) Sufficient local injection was 
performed around the lesion on the anal side in the forward po-
sition. Before starting the incision on the anal side, the TD was 
attached approximately 10 mm from the lesion on the anal side. 
An incision was made anal to the TD, and traction was applied 
to the superficial mucosal plane. The surrounding mucosa and 
submucosal layer to which the TD was attached were immedi-

Fig. 2. Schematic comparison of conventional endoscopic submucosal dissection (ESD) and pocket-creation method (PCM) with a traction 
device (TD). (A) Conventional ESD: a circumferential incision is made around the lesion, followed by a submucosal incision from the anal 
side to the oral side. (B) PCM with TD: the key feature of this method is connecting the TD to the anal mucosa 10 mm away from the lesion 
on the anal side before the initial mucosal incision. The formation of a mucosal flap and creation of a submucosal pocket using the TD be-
comes easier.

Conventional ESD Pocket-creation method with a traction device
(PCM with TD)
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ately under sufficient countertraction, which easily exposed the 
submucosal layer once the incision was made. (3) Following a 
few cuts of the submucosal layer, a mucosal flap was formed, 
facilitating the entry of the endoscope tip. A submucosal pocket 
was easily created during the initial dissection process. Even in 
sites with severe fibrosis, the locally infused solution was less 
prone to diffuse because of the absence of a circumferential 
incision. Moreover, the dissection line was easily identified be-
cause two traction forces were created in the submucosal pock-
et by hood attachment and TD. A circumferential incision was 
made once the submucosal pocket exceeded 50% of the lesion 
area beyond the center of the lesion. Dissection was then per-
formed using the same approach as that used for conventional 
ESD (Fig. 3, Supplementary Video 1). 

Definitions of experts and trainees 
Experts were defined as endoscopists with experience in han-
dling 100 or more cases of colorectal ESD before the study pe-
riod. Trainees were defined as endoscopists with experience in 
managing 500 or more colonoscopies and fewer than 10 cases 
of colorectal ESD prior to the start of the study period, assum-
ing accurate diagnostic ability using magnifying endoscopy and 

skill in EMR. All ESD procedures performed by the trainees 
were performed under the supervision of an expert. Supple-
mentary Table 1 shows the breakdown of the trainee and expert 
endoscopists included in this study. A total of 72 procedures 
were performed by five experts and 15 trainees.  

Outcomes  
If the lesion was resected in a single piece, resection was de-
fined as en bloc resection. The lesion was defined as R0 if the 
horizontal and vertical margins were negative on pathological 
examination after en bloc resection. The size of the specimen, 
procedure time, and pathological findings were evaluated after 
the resection was completed. The area (mm2) of the resected 
specimen was calculated using the following formula: 

Area = large diameter (mm)/2 × small diameter (mm)/2 × 3.14 
Procedure time was defined as the time from the first local 

injection into the submucosa to complete resection of the le-
sion. The dissection speed (mm2/min) was calculated using the 
area of the resected specimen (mm2)/dissection time (min). 

Fibrosis was assessed intraoperatively in accordance with pre-
viously reported definitions.13 No fibrosis was defined as F0, mild 
fibrosis as F1, and whitish submucosa or severe fibrosis as F2. 

Fig. 3. Pocket-creation method view with a traction device (TD). (A) A 20-mm lesion in the transverse colon following endoscopic piecemeal 
mucosal resection. (B) Local injection is performed around the oral lesion, and incision/trimming is performed to approximately one-half of 
the circumference on the oral side of the lesion. (C) After local injection on the anal side, the TD is attached approximately 10 mm away from 
the lesion on the anal side. (D) Starting the incision from the anal side of the TD facilitates easy creation of a mucosal flap. (E) A submucosal 
pocket is formed. (F) Severe fibrosis of the submucosal layer immediately below the lesion scar. (G) Completed circumferential incision and 
continued dissection. (H) After dissection completion.
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Perforation was defined as a complete hole through the 
muscle layer during the procedure or clinical evidence of air in 
the abdominal cavity on postoperative computed tomography. 
Bleeding was defined as bloody stool requiring endoscopic he-
mostasis within 2 weeks of ESD. 

Statistical analysis 
Comparisons between two groups were performed using the 
Mann-Whitney U-test for continuous variables. Categorical 
variables were compared using chi-squared and Fisher exact 
tests. Logistic regression analysis was performed on the factors 
affecting the R0 resection rate, including methods (convention-
al ESD or PCM with TD) and operator (trainee or expert) by 
preceding studies. The factors previously reported to be signifi-
cantly associated with technical difficulties in colorectal ESD 
included lesion size and lesion location.14,15 All analyses were 
performed using R ver. 3.4.2 (R Foundation, Vienna, Austria), 
and a p-value of <0.05 was considered statistically significant. 

Ethical statements 
All procedures were performed in accordance with the 1964 
Declaration of Helsinki and its later amendments. This study 

was approved by the ethics committee of the Institutional Re-
view Board of the Cancer Institute Hospital of the Japanese 
Foundation for Cancer Research (IRB No: 2021-GB-038), and 
the requirement for written informed consent from the patients 
was waived due to the retrospective nature of the study. 

RESULTS 

Characteristics of patients with residual or recurrent col-
orectal lesions in the control and PCM with TD groups 
The patient characteristics are shown in Table 1. There were 
fewer cases of rectal lesions in the PCM with TD group than 
in the control group (23% [7/31] vs. 51% [21/41], p=0.047). 
The percentage of ESD performed by trainees was significantly 
higher in the PCM with TD group than in the control group 
(68% [21/31] vs. 29% [12/41], p=0.001). There were no signifi-
cant differences in age, sex, lesion morphology, fibrosis degree, 
or lesion size between the two groups. In the latter half of the 
survey period, PCM with TD became the mainstream proce-
dure, and the use of conventional ESD decreased after intro-
ducing PCM with TD (Supplementary Table 2). 

Table 1. Clinical characteristics of the 72 patients with residual or recurrent colorectal lesions
Characteristic Control group (n=41) PCM with TD group (n=31) p-value
Age (yr) 66.0 (57.0–73.0) 70 (60.0–73.8) 0.26a)

Male sex 24 (59) 16 (52) 0.56b)

Location 0.047b)

 Right colon 13 (32) 15 (48)
 Left colon 7 (17) 9 (29)
 Rectum 21 (51) 7 (23)
Morphology 0.11c)

 LST-G 15 (37) 4 (13)
 LST-NG 14 (34) 15 (48)
 Flat elevated (<10 mm) 1 (2.4) 4 (13)
 SMT-like 4 (9.8) 3 (9.7)
 Scar 7 (17) 5 (16)
Fibrosis 0.92b)

 F0, no fibrosis 0 0
 F1, mild fibrosis 15 (37) 11 (36)
 F2, whitish submucosa or severe fibrosis 26 (63) 20 (65)
Maximum size of the lesion (mm) 18 (7–25) 15 (8–25) 0.99a)

Operator, trainee 12 (29) 21 (68) 0.001b)

Values are presented as median (interquartile range) or number (%).
PCM, pocket-creation method; TD, traction device; LST-G, laterally spreading tumor-granular type; LST-NG, laterally spreading tumor-nongranular 
type; SMT, submucosal tumor.
a)Mann-Whitney U-test; b)chi-squared test; c)Fisher exact test.
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Table 2. A comparison of therapeutic outcomes in the conventional ESD and PCM with TD
Variable Control group (n=41) PCM with TD group (n=31) p-value
Size of the resected specimen (mm) 30.0 (20.0–35.0) 30.0 (30.0–38.5) 0.076a)

Histopathological finding 0.86b)

 Adenoma-intramucosal cancer 28 (68.3) 23 (74.2)
 SM slightly invasive cancer (<1,000 μm) 2 (4.9) 0
 SM deeply invasive cancer (≥1,000 μm) 1 (2.4) 0
 Neuroendocrine tumor 3 (7.3) 2 (6.5)
 Scar tissue 7 (17.1) 6 (19.4)
Procedure time (min) 82.0 (35.5–76.5) 56.0 (35.5–76.5) 0.056a)

Dissection speed (mm2/min) 7.9 (3.1–13.5) 13.0 (9.2–18.7) 0.002a)

En bloc resection 32 (78) 31 (100) 0.008b)

R0 resection 27 (66) 30 (97) 0.001c)

Complication
 Perforation 1 (2.4) 1 (3.2) 1.00b)

 Post-procedural bleeding 1 (2.4) 1 (3.2) 1.00b)

Values are presented as median (interquartile range) or number (%).
ESD, endoscopic submucosal dissection; PCM, pocket-creation method; TD, traction device; SM, submucosa.
a)Mann-Whitney U-test; b)Fisher exact test; c)Chi-squared test.

Table 3. Logistic regression analysis for R0 resection

Variable
R0 resection

OR 95% CI p-value
Method, PCM with TD 10.40 1.11–98.50 0.04
Location, rectum 0.93 0.22–3.99 0.92
Operator, trainee 2.69 0.52–14.00 0.24
Size of the lesion (mm) 0.96 0.92–1.01 0.13

OR, odds ratio; CI, confidence interval; PCM, pocket-creation method; 
TD, traction device.

Treatment outcomes of ESD for residual or recurrent col-
orectal lesions 
The treatment outcomes are presented in Table 2. TD was use-
ful in all cases. All 31 lesions in the PCM with TD group were 
resected en bloc, while 22% (9/41) of the control group failed 
to undergo en bloc resection (p=0.008). The R0 resection rate 
was also significantly higher in the PCM with TD group than 
in the control group (97% [30/31] vs. 66% [27/41], p=0.001). 
The dissection speed was significantly higher in the PCM with 
TD group than in the control group (13.0 mm2/min vs. 7.9 
mm2/ min, p=0.002). We conducted a multivariate analysis to 
identify the factors affecting the ESD completion rate (Table 3). 
Performing PCM with TD was identified as a significant pos-
itive factor for achieving R0 resection (odds ratio, 10.40; 95% 
confidence interval, 1.11−98.50; p=0.040). The characteristics 
of patients without R0 resection are shown in Table 4. Of the 14 
patients who did not undergo R0 resection after conventional 
ESD, 11 were positive for vertical margins, which affected the 
accurate final histopathological evaluation. However, in all cas-
es of PCM with TD, resection was performed with a negative 
vertical margin. 

In terms of adverse events, there was no significant difference 
between groups with respect to perforation or postoperative 
bleeding rates (2.4% [1/41] vs. 3.2% [1/31], p=1.00; 2.4% [1/41] 
vs. 3.2% [1/31], p=1.00). Both cases of perforation were minor 
that occurred during ESD. In both cases, the perforation sites 

were completely closed with endo-clips. The cases were con-
servatively managed with antibiotics, and none of the patients 
required emergency surgery. 

DISCUSSION 

PCM with TD is a simple method but has the great advantage 
of addressing challenging technical issues related to severe fi-
brosis occurring after incomplete resection in initial endoscopic 
treatment by ensuring a good visual field and determining the 
appropriate dissection line. This is the first report showing the 
clinical utility of PCM with TD for residual or recurrent col-
orectal lesions. Using PCM with TD, all the lesions could be 
resected en bloc, and all but one had an R0 resection, whereas 
22% and 34% failed to undergo en bloc and R0 resection in the 
control group, respectively. In particular, conventional ESD has 
a high rate of positive vertical margins, which can be avoided 
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Table 4. Cases of non-R0 resection after ESD for residual or recurrent colorectal lesions

Case Age (yr) Sex Histopathological findings Method Size of lesions 
(mm) Location HM/VM Additional surgical 

resection
1 49 Female Adenoma-intramucosal cancer Conventional ESD 25 Rectum X/X –
2 79 Male Adenoma-intramucosal cancer Conventional ESD 35 Rectum X/– –
3 77 Female Adenoma-intramucosal cancer Conventional ESD 25 Rectum X/X –
4 38 Female Adenoma-intramucosal cancer Conventional ESD 5 Rectum +/– –
5 60 Male SM deeply invasive cancer Conventional ESD 30 Rectum –/+ +
6 71 Male Adenoma-intramucosal cancer Conventional ESD 20 Right X/X –
7 69 Male Adenoma-intramucosal cancer Conventional ESD 40 Right X/X –
8 72 Female Adenoma-intramucosal cancer Conventional ESD 100 Right +/+ +
9 73 Male Adenoma-intramucosal cancer Conventional ESD 12 Left X/X –
10 54 Male Adenoma-intramucosal cancer Conventional ESD 8 Left X/X –
11 69 Female Adenoma-intramucosal cancer Conventional ESD 15 Rectum +/– –
12 62 Male Adenoma-intramucosal cancer Conventional ESD 15 Right X/X –
13 81 Male Adenoma-intramucosal cancer Conventional ESD 25 Right X/X –
14 80 Male Adenoma-intramucosal cancer Conventional ESD 20 Right X/X –
15 70 Female Adenoma-intramucosal cancer PCM with TD 15 Left +/– –

ESD, endoscopic submucosal dissection; HM, horizontal margin; HMX, non-evaluable horizontal margins; VM, vertical margin; VMX, non-evalu-
able vertical margins; X, non-evaluable margins; SM, submucosa; PCM, pocket-creation method; TD, traction device.

using our PCM with TD method, which may lead to a more ac-
curate final pathological evaluation in these cases. An accurate 
final pathological evaluation with a negative vertical margin is 
essential for risk assessment, including the possibility of local 
as well as lymph node recurrence, and is an important factor in 
determining additional surgical resection in patients. 

En bloc resection rate of residual or recurrent lesions with 
conventional ESD has been reported to be not favorable (56%-
96%).16-19 However, using PCM with TD, we have shown ex-
cellent results with 100% en bloc resection rate and 97% R0 
resection rate. In terms of perforation, only one case of minor 
perforation was observed during ESD, which did not require 
emergency surgery. Furthermore, all previous reports on ESD 
for residual or recurrent lesions were single-arm studies with 
no comparison group. This study demonstrates the use of PCM 
with TD for achieving safe and reliable ESD for residual or re-
current lesions, with conventional ESD as the control group. 

The usefulness of TD alone for residual or recurrent colorec-
tal lesions has already been reported.20 A study has shown that 
TD improves the visibility of the submucosal layer, thereby 
enabling safe and efficient dissection. However, the report was 
limited to procedures performed by four skilled experts with 
experience of 200 or more cases of colorectal ESD. It is difficult 
even for experts to identify a safe dissection line for severe fi-
brotic lesions when sufficient lifting cannot be achieved because 
the local infusion fluid leaks from the submucosa after making 

a circumferential incision. Advantages of PCM with TD for 
residual or recurrent lesions that compensate for these short-
comings are as follows: (1) the initial incision is made with the 
mucosa already under traction, which facilitates the formation 
of the mucosal flap by securing a sufficient margin on the anal 
side, enabling the rapid formation of a submucosal pocket; and 
(2) even if the site has severe fibrosis, a circumferential incision 
is not made, which makes the local infusion solution less prone 
to diffusion, and the two traction forces, the hood attachment 
and TD, are exerted within the submucosal pocket, facilitating 
identification of the dissection line.12 This excellent visualiza-
tion reduces the risk of perforation and enables identification of 
the correct dissection line immediately above the muscle layer, 
resulting in en bloc resection with a negative vertical margin. 
Confirmation of a negative vertical margin, even in lesions with 
severe fibrosis, is paramount in determining whether colorectal 
resection with lymph node dissection is required.21 Use of PCM 
with TD provides high-quality ESD and assists in the determi-
nation of the next strategy. 

A previous systematic review reported that perforation oc-
curred in approximately 7% of ESD procedures, even for lesions 
without fibrosis.22 Residual or recurrent colorectal lesions are 
associated with severe fibrosis in the submucosa, making it 
difficult to visualize the laminar structure of the colorectal wall, 
and the intraoperative complication rate has been reported to 
be even higher (14%–32%).16,23 The usefulness of underwater 
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EMR for recurrent lesions has also been reported, but the en 
bloc resection rate was 47%, which is far below that of PCM 
with TD.24 Endoscopic full-thickness resection is an alternative 
method; however, its outcomes are also not sufficiently good (R0 
resection rate for residual or recurrent lesions <2 cm, 80%; ≥2 
cm, 58.1%; and perforation rate 9.9%).25,26 Reports from Japan 
have demonstrated the usefulness of laparoscopic and endo-
scopic cooperative surgery for difficult ESD cases with severe 
fibrosis, such as residual or recurrent lesions, and good results 
have been achieved, with an R0 resection rate of 100%.27,28 
However, the reports are limited to only a small number of 
cases, and this procedure has not been established as a standard 
treatment due to the level of invasiveness, requirement for gen-
eral anesthesia, and costs. 

This study has several limitations. First, this was a retrospec-
tive, single-center observational study. Second, there was a 
timeframe shift between the two groups. There is a possibility 
that differences in the level of procedural proficiency may have 
affected the outcome of the treatment, but it should be noted 
that the outcome of the second half of the study was consider-
ably better than that of the first half, even though most of the 
ESD procedures were performed by trainees. We also found 
that ESD performed by experts was not a significant predictor 
of R0 resection in the multivariate analysis. The control group 
had more experts than the PCM with TD group; however, the 
PCM with TD group showed better results than the control 
group. Therefore, the treatment outcomes were influenced by 
the dissection method (PCM with TD) used rather than the en-
doscopist’s experience. In other words, the PCM with TD tech-
nique allows trainees to complete the procedure with a good 
visual field and to identify a proper dissection line. Third, the 
results of this study only compared the PCM with TD method 
with the conventional ESD method, and a prospective random-
ized controlled trial is preferable to verify whether the PCM 
with TD method is superior to the ESD method with PCM or 
TD only. However, we believe that the PCM method contrib-
utes to the present results, consistent with those that we have al-
ready reported on the superiority of the PCM with TD method 
over the TD method alone in different research participants. 

In conclusion, this study showed that PCM with TD is a safe 
and effective procedure for treating residual or recurrent col-
orectal lesions occurring after incomplete resection during ini-
tial endoscopic treatment. Moreover, we believe that since PCM 
with TD could also be performed safely by less experienced en-
doscopists as opposed to conventional ESD, where success was 

linked to the endoscopist’s experience, a wider adoption may 
help make the treatment readily available.  
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Supplementary Video 1. Pocket-creation method with a traction 
device for a residual or recurrent lesion in the transverse colon 
(https://doi.org/10.5946/ce.2022.009.v001).

Supplementary Table 1. Procedural experience of each endosco-
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with TD or conventional ESD.
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INTRODUCTION 

Endoscopic retrograde cholangiopancreatography (ERCP) is 
a common procedure performed for the nonoperative man-
agement of a variety of biliopancreatic disorders. Despite vast 
advances in techniques, relative safety, and clinical efficacy, 
post-ERCP pancreatitis (PEP) remains one of the most serious 
and frequent complications of this procedure, with an incidence 

Background/Aims: In patients undergoing endoscopic retrograde cholangiopancreatography (ERCP), calcineurin activates zymogen, 
which results in pancreatitis. In this study, we aimed to determine the efficacy of tacrolimus, a calcineurin inhibitor, in preventing 
post-ERCP pancreatitis (PEP). 
Methods: This was a prospective pilot study in which patients who underwent ERCP received tacrolimus (4 mg in two divided doses); 
this was the Tac group. A contemporaneous cohort of patients was included as a control group. All patients were followed-up for PEP. 
PEP was characterized by worsening abdominal pain with an acute onset, elevated pancreatic enzymes, and a duration of hospital stay 
of more than 48 hours. Serum tacrolimus levels were measured immediately before the procedure in the Tac group. 
Results: There were no differences in the baseline characteristics between the Tac group (n=48) and the control group (n=51). Only 
four out of 48 patients (8.3%) had PEP in the Tac group compared to eight out of 51 patients (15.7%) who had PEP in the control 
group. The mean trough tacrolimus level in patients who developed PEP was significantly lower (p<0.05). 
Conclusions: Oral tacrolimus at a cumulative dose of 4 mg safely prevents PEP. Further randomized controlled studies are warranted 
to establish the role of tacrolimus in this context. 
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ranging from 2%-10% depending on the patient population 
and outcome definitions.1-3 Although majority of PEP cases are 
mild, a significant number of patients may develop severe pan-
creatitis that necessitates management in the intensive care unit 
and prolonged hospital stay.1,4 

Since PEP continues to be a serious problem, there is an on-
going interest in identifying reliable prophylactic measures for 
PEP or in reducing its severity. Multiple prospective trials em-
ploying multivariate analysis have identified an array of patient- 
and procedure-related risk factors that are associated with an 
increased risk of PEP.5-12 The exact mechanisms by which these 
factors cause PEP is not well understood and may include me-
chanical factors from instrumentation, chemical, or hydrostatic 
injury related to contrast instillation, and thermal injury from 
electrocoagulation/electrocautery incision during therapeutic 
interventions.8,13 

Commonly employed preventive measures include phar-
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macological measures, such as intravenous somatostatin,14 

gabexate,15 octreotide,16 and rectal nonsteroidal anti-inflam-
matory drugs (NSAIDs),17-21 or interventional strategies, such 
as wire-guided cannulation22 and prophylactic pancreatic duct 
(PD) stent placement.23,24 The cascade of events leading to the 
development of PEP involves three major successive steps: (1) 
inciting events, (2) zymogen activation, and (3) inflammation 
due to a variety of cytokine pathways.13 Current prevention 
strategies aim to either reduce the impact of inciting events by 
employing interventional modifications or by inhibiting the 
inflammatory end-products of zymogen activation through 
pharmacological agents, such as NSAIDs. 

Zymogen activation in acinar cells is a critical step in ini-
tiating the inflammatory cascade that results in pancreatitis. 
Therefore, an effective means of inhibiting zymogen activation 
via an external stimuli can potentially arrest the inflammatory 
cascade, thereby preventing the development of PEP. In a novel 
animal study conducted by Orabi et al.,25 the authors found that 
early events in zymogen activation leading to PEP are induced 
through the calcium-activated phosphatase calcineurin. In ad-
dition, PEP is dependent on acinar cell calcineurin in vivo. The 
same investigators also showed that PEP does not occur in cal-
cineurin-knockout mice globally. These elegant animal studies 
suggest that calcineurin is critical in zymogen activation, and 
its inhibition can potentially arrest the progression of events 
that lead to PEP. In support of these preliminary findings, a 
large multi-center study involving patients who had undergone 
ERCP after liver transplantation showed that the consumption 
of tacrolimus, a calcineurin inhibitor, reduced the risk of PEP 
by 79%.26 Tacrolimus is primarily used as an immunosuppres-
sant in transplant recipients. It is a macrolide produced by 
Streptomyces tsukubaensis. It binds to an intracellular protein, 
FKBP-12. A complex consisting of tacrolimus-FKBP-12, calci-
um, calmodulin, and calcineurin is subsequently formed, which 
inhibits the phosphatase activity of calcineurin.27 

Building on this emerging body of evidence, an intervention-
al pilot study was conducted to explore the feasibility, safety, 
and preliminary efficacy of oral tacrolimus (cumulative dose of 
4 mg) in the prevention of PEP by comparing two prospective 
cohorts. 

METHODS 

Study design 
This was a prospective interventional pilot study performed 

from January 1, 2018 to December 31, 2018. Patients aged >18 
years in whom therapeutic ERCP was indicated during the 
study period were considered for the study. Patients with a prior 
history of acute or chronic pancreatitis, coagulopathy, past his-
tory of allergy to tacrolimus, or a medically unfit status for the 
procedure were excluded. In addition, patients with a history of 
sphincterotomy and surgically altered anatomy, such as gastro-
jejunostomy, were excluded from the study. Detailed informed 
consent was obtained from all patients. The rationale, benefit, 
and safety of the intervention were thoroughly explained to all 
patients. This study was approved by the institutional ethics 
committee after due diligence. Patient demographics, such 
as age, sex, comorbidities, and indications for ERCP, were re-
corded in a pre-designed proforma. Patients who consented to 
receive the drug were included in the Tac group, whereas the 
remaining patients were included in the control group. Patients 
in the tacrolimus group received two doses of 2 mg oral tacroli-
mus (PanGraf tacrolimus capsules; Panacea Biotech, New Del-
hi, India) at 8 PM on the preceding day and at 8 AM on the day 
of ERCP. The procedure was performed within 2 hours of the 
morning dose, and a blood sample for assessment of serum tac-
rolimus levels was drawn at the time of ERCP. Tacrolimus was 
estimated using chromatography techniques at the same labo-
ratory for all samples. Patients in the control group underwent 
the procedure in accordance with the institutional protocol. 

Institutional protocol and technical considerations for the 
procedure 
All ERCP procedures were performed by a single experienced 
endoscopist in the dedicated therapeutic endoscopy laboratory 
under general anesthesia. The choice of anesthetic agent was 
left to the discretion of a designated anesthesiologist who was 
present throughout the duration of all procedures. A standard 
adult ERCP scope (TJF Q180V; Olympus, Tokyo, Japan) with 
an outer diameter of 13.7 mm and a channel diameter of 4.2 
mm was used. All procedures were performed in an endosco-
py suite under fluoroscopic guidance (FlexaVision; Shimad-
zu, Kyoto, Japan). Biliary cannulation was attempted using a 
wire-guided cannulation technique in all cases. The procedure 
for the biliary cannulation was in accordance with the hospital 
protocol. When selective biliary cannulation was unsuccessful, 
needle-knife sphincterotomy was performed using a nee-
dle-knife sphincterotome (G24885; Cook Medical Inc., North 
Carolina, USA). Difficult biliary cannulation was character-
ized by at least two of the following: more than 10 attempts at 
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cannulation, changing accessories for cannulation, more than 
10 minutes of cannulation, or the need for a pre-cut sphincter-
otomy in cases of failed cannulation. All patients with difficult 
biliary cannulation and/or inadvertent PD contrast instillation 
received rectal NSAIDs, 100 mg of diclofenac suppository in 
particular, after the procedure. Prophylactic PD stenting (single 
pigtail, plastic stent, 5 Fr diameter) was performed in addition 
to rectal NSAIDs in all patients who had inadvertent PD can-
nulation or inadvertent contrast instillation into the PD. Tech-
nical details of the ERCP procedure, such as the time taken for 
cannulation, number of attempts at cannulation, inadvertent 
PD cannulation, contrast injection, and sphincterotomy, which 
were known to enhance the risk of PEP, were meticulously re-
corded by the endoscopist immediately after each procedure. 

Outcome measures and study procedure 
All patients were closely followed-up for complications related 
to ERCP, such as bleeding, infections, and PEP. Follow-ups were 
conducted by an independent investigator who was blinded 
to the group allocation. Serum amylase and lipase levels were 
measured 12 and 24 hours post-ERCP. PEP was defined severe 
abdominal pain with an acute onset or worsening that necessi-
tated an unplanned extended hospital stay of a minimum of 48 
hours and an elevated serum amylase/serum lipase level of ≥3 
times the upper limit of normal. Pancreatitis was classified as 
mild, moderate, or severe according to the established guide-
lines.28 The rate of PEP was compared between the two groups. 
All known confounders, such as age, sex, past history, difficult 
biliary cannulation, PD injection, rectal NSAIDs, and prophy-
lactic PD stenting, were also compared between the two groups. 
To assess the dosing and pharmacokinetics of the drug, serum 
trough levels of tacrolimus were measured at the time of the 
procedure and were correlated with the outcome measures at 
the end of the study. 

Statistical analyses 
Statistical analyses were performed using the IBM SPSS ver. 
20 (IBM Corp., Armonk, NY, USA). Quantitative data are re-
ported as mean±standard deviation, while categorical data are 
reported as numbers and percentages. The incidence of PEP 
was compared between the two groups using the chi-squared 
test or Fisher exact test. Independent two-sample t-test and 
Mann-Whitney U-test were used for parametric and nonpara-
metric variables, respectively, and categorical variables were 
analyzed using the chi-square test or Fisher exact test in the 

univariate analysis. Statistical significance was set at p<0.05. 

Ethical statements 
This study was reviewed and approved by the Amrita Institute 
of Medical Sciences Institutional Review Board (IRB No: DM/
MCh/2015/33). All the patients signed an informed consent 
prior to the enrollment into the study. A contemporaneous 
cohort of patients who did not receive the drug were studied as 
controls.

RESULTS 

Baseline characteristics of the study population 
A total of 99 patients were included in the study, of which 48 
patients were included in the Tac group, while 51 patients were 
included in the control group. Table 1 presents the baseline pa-
tient characteristics of the participants in this study. The mean 
age of the population was 57.44±16.65 years, with a male to 
female ratio of 1.35. The indications for ERCP were predomi-
nantly nonmalignant (n=60, 60.6%), including choledocholithi-
asis with or without cholangitis and biliary strictures. Malignant 
indications (n=39, 39.3%) included cholangiocarcinoma, peri-
ampullary cancer, and secondary malignant biliary strictures. A 
major comorbidity observed was diabetes mellitus, which was 
seen in 36 patients (36.3%) with a mean HbA1c of 7.8±4.8 gm/
dL. Sphincterotomy was performed in 94 patients (94.9%) and 
biliary cannulation was deemed difficult in 39 patients (39.3%). 
Inadvertent PD cannulation and contrast instillation were per-
formed in 21 patients (21.2%). All patients with difficult biliary 
cannulation and inadvertent PD contrast injection received 
prophylactic rectal NSAIDs (n=38, 38.4%). Prophylactic PD 
stenting was performed in 20 patients (20.2%). Overall, PEP 
was observed in 12 patients (12.1%), and all of them had mild 
pancreatitis with no mortality within 30 days after ERCP. 

Baseline characteristics of the Tac group 
The Tac group had a mean age of 59.44±15.31 years (range, 
16−87 years), with a male to female ratio of 1.28. Biliary cannu-
lation was difficult in 16 patients (33.3%). Postprocedure com-
plications were noted in six patients. Among them, two (4.1%) 
had postprocedure cholangitis, while the other four (8.3%) had 
PEP. 

Baseline characteristics of the control group 
The control group had a mean age of 55.57±17.76 years (range, 
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13-90 years) with a male to female ratio of 1.42. Biliary cannu-
lation was difficult in 19 patients (37.3%) in the control group. 
Postprocedure complications were seen in nine patients (17.6%), 
with one patient having postprocedure cholangitis and the re-
maining eight patients (15.7%) having PEP. 

Outcome analysis 
Both the Tac and the control groups were comparable. There 
were no statistically significant differences in terms of patient 
demographics, indications, and comorbidities. The incidence 
of PEP was found to be almost half of that observed in the con-
trols (four out of 48 patients [8.3%] in the Tac group and eight 
out of 51 patients [15.7%] in the control group, p=0.24). There 
were no statistically significant differences in the distribution of 
known confounders, such as difficult biliary cannulation, inad-
vertent PD cannulation, and sphincterotomy between the two 
groups, as shown in Table 1. Those who received rectal NSAIDs 
in the two groups were also comparable (20 patients [41.7%] 
in the Tac group vs. 18 patients [35.2%] in the control group, 

p=0.82). 
Univariate and multivariate analyses for the predictors of PEP 

were performed. However, none of the factors included in this 
study, such as age, sex, indication, rectal NSAIDs, difficult can-
nulation, PD stent, and PD cannulation, were found to be sig-
nificantly associated with the incidence of PEP, as seen in Table 
2. Seven patients (14.6%) underwent prophylactic PD stenting 
in the Tac group compared to the 13 patients (25.4%) in the 
control group. No adverse events due to intake of tacrolimus 
were observed in this study. All of the patients who had PEP 
only had mild disease and were thus managed conservatively. 
There was no difference in the mean hospital stay between the 
two groups (3.4±2.8 vs. 4.2±3.9 days, p=0.82).  

Interestingly, the mean tacrolimus levels were significantly 
lower in all patients who had PEP as compared to those who 
did not (3.30±0.44 ng/mL vs. 6.98±3.15 ng/mL, p=0.001), as 
shown in Figure 1. A receiver operating characteristic curve 
analysis was performed and the area under the curve of serum 
tacrolimus levels for the prevention of PEP was found to be 0.918 

Table 1. Baseline characteristics of the Tac and control groups in the study population
Baseline characteristic Total (n=99) Tac group (n=48) Control group (n=51) p-value
Age (yr) 57.44±16.65 59.44±15.31 55.57±17.76 0.335
Female sex 42 (42.4) 21 (43.8) 21 (41.2) 0.796
Diabetes mellitus 36 (36.3) 17 (35.4) 19 (37.3) 0.849
Indication 0.389
 Malignant 39 (39.3) 21 (43.8) 18 (35.3)
 Nonmalignant 60 (60.6) 27 (56.3) 33 (64.7)
Difficult biliary cannulation 35 (35.3) 16 (33.3) 19 (37.25) 0.820
Sphincterotomy 94 (94.9) 44 (91.7) 50 (98.0) 0.348
PD cannulation 21 (21.2) 13 (27.1) 8 (15.7) 0.164
PD stenting 20 (20.2) 7 (14.6) 13 (25.4) 0.096
Rectal NSAID 38 (38.4) 20 (41.7) 18 (35.2) 0.744
Postprocedure pain 19 (19.1) 7 (14.6) 12 (23.5) 0.133
Lab parameter
 Urea (mg/dL) 24.45±15.56 24.04±13.80 24.87±17.32 0.337
 Creatinine (mg/dL) 1.08±0.40 1.11±0.41 1.05±0.38 0.491
 Total bilirubin(mg/dL) 8.28±9.90 9.59±11.32 7.05±8.29 0.068
 AST (IU/L) 92.81±90.62 93.70±86.44 91.98±95.24 0.441
 ALT (IU/L) 99.04±94.48 98.02±98.24 100.01±91.77 0.202
 Albumin (g/dL) 3.47±0.64 3.44±0.63 3.51±0.65 0.991
 ALP (IU/L) 315.50±242.71 311.19±233.76 319.55±253.10 0.491
 Mean peak amylase (U/L) 287.37 275.46 298.82 0.969
Post-ERCP pancreatitis 12 (12.1) 4 (8.3) 8 (15.7) 0.133

Values are presented as mean±standard deviation or number (%) unless otherwise indicated.
PD, pancreatic duct; NSAID, nonsteroidal anti-inflammatory drugs; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phos-
phatase; ERCP, endoscopic retrograde cholangiopancreatography.
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Table 2. Univariate analysis of factors that are associated with the incidence of post-ERCP pancreatitis
Variable With pancreatitis (n=12) Without pancreatitis (n=87) p-value
Age (yr) 57±16.49 57±16.76 0.712
Sex 0.565
 Male 7 (58.3) 50 (57.5)
 Female 5 (41.7) 37 (42.5)
Diabetes mellitus 4 (33.3) 32 (36.7) 0.512
Indication 0.177
 Malignant 4 (33.3) 35 (40.2)
 Nonmalignant 8 (66.7) 52 (59.7)
Difficult biliary cannulation 7 (58.3) 28 (32.2) 0.070
PD cannulation 1 (8.3) 20 (22.2) 0.476
PD stenting 1 (8.3) 19 (21.8) 0.939
Rectal NSAID 5 (41.6) 33 (37.9) 0.191
Lab parameter
 Urea (mg/dL) 28.17±12.54 23.95±15.92 0.547
 Creatinine (mg/dL) 1.13±0.40 1.07±0.40 0.353
 Total bilirubin (mg/dL) 9.49±10.10 8.11±9.93 0.414
 AST (IU/L) 93.06±66.43 92.78±93.78 0.700
 ALT (IU/L) 106.35±77.97 98.04±96.88 0.851
 Albumin (g/dL) 3.53±0.51 3.47±0.66 0.638
 ALP (IU/L) 348.24±226.34 310.98±245.77 0.479
 eGFR score 65.40±19.00 72.56±26.83 0.697
Values are presented as mean±standard deviation or number (%).
ERCP, endoscopic retrograde cholangiopancreatography; PD, pancreatic duct; NSAID, nonsteroidal anti-inflammatory drugs; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; eGFR, estimated glomerular filtration rate.

■ Mean tacrolimus level  

3.30 ng/mL 

PEP No PEP 

6.98 ng/mL 
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Fig. 1. Comparison of the mean trough serum tacrolimus levels be-
tween patients with PEP and those without (p=0.001). PEP, post-en-
doscopic retrograde cholangiopancreatography pancreatitis.

(p=0.001), as demonstrated in Figure 2. Using the coordinates 
on the curve, an optimal cutoff of 3.38 ng/mL could prevent 
PEP with a sensitivity of 86.2% and a specificity of 83.3%. There 
was considerable variability in the serum tacrolimus levels in 
the Tac group (median, 6.7 ng/mL; range, 1.8−13.5; variance, 
10.2). There were no significant differences (age, sex, renal 
function tests, liver function tests, estimated glomerular filtra-

Area Standard error Asymptotic 
significance

Asymptotic 95% confidence interval
Lower bound Upper bound

0.918 0.373 0.001 0.846 0.990
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Fig. 2. Receiver operating characteristic curve analysis for the effi-
ciency of tacrolimus in preventing post-endoscopic retrograde chol-
angiopancreatography pancreatitis. 
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target that can reliably and effectively arrest the inflammatory 
cascade despite inciting pancreatic injury. Initial promising an-
imal experiments conducted by Orabi et al.25 demonstrated that 
calcium signaling pathways had a central role, more specifically 
via the calcineurin receptor, which might activate zymogen and 
induce the subsequent enzymatic activity that led to inflam-
mation. Moreover, the same investigators showed the absence 
of PEP in calcineurin-knockout mice. Intraductal infusion 
of calcineurin inhibitors into PD prevented contrast-induced 
pancreatitis in mice, as demonstrated by histological findings, 
along with a decrease in amylase and interleukin 6 levels. In 
an interesting study by Law et al.,29 the incidence of PEP in 
liver transplant recipients was found to be substantially lower. 
Although they found a weak correlation between steroids and 
the incidence of PEP, subsequent studies failed to demonstrate 
this benefit.30 More recently, a large retrospective study showed 
a significant reduction in the risk of PEP with tacrolimus and 
rectal indomethacin consumption.26 In light of these findings 
and in conjunction with the study by Orabi et al.,25 it is possible 
that tacrolimus has a significant impact on the prevention of 
PEP. 

In our study, the rate of PEP among the Tac group was lower 
than that in the control group (8.3% vs. 15.7%). Age and sex 
distributions, along with comorbidities, were comparable be-
tween the two groups. The factors known to increase the risk 
of PEP, such as difficult biliary cannulation with multiple at-
tempts, instrumentation, inadvertent PD cannulation, contrast 

Table 3. Factors that potentially affect serum tacrolimus levels
Variable Tac ≤6.7 ng/mL (n=26) Tac >6.7 ng/mL (n=22) p-value
Age (yr) 58±17.87 60±12.51 0.671
Sex 0.550
 Male 16 (61.5) 11 (50)
 Female 10 (38.5) 11 (50)
Diabetes mellitus 8 (30.8) 9 (47.4) 0.257
Lab parameter
 Urea (mg/dL) 25.60±14.93 22.02±12.71 0.337
 Creatinine (mg/dL) 1.15±0.44 1.06±0.41 0.491
 Total bilirubin (mg/dL) 12.64±12.818 5.88±7.97 0.068
 AST (IU/L) 109.82±104.96 75.46±50.00 0.441
 ALT (IU/L) 114.11±103.86 70.78±63.86 0.202
 Albumin (g/dL) 3.40±0.69 3.38±0.51 0.991
 ALP (IU/L) 319.28±197.33 313.50±277.75 0.491
 eGFR score 68.70±28.00 71.80±29.44 0.629

Values are presented as mean±standard deviation or number (%).
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; eGFR, estimated glomerular filtration rate.

tion rate) between patients with high serum tacrolimus levels 
(>6.7 ng/mL) and those with low serum tacrolimus levels (≤6.7 
ng/mL) in this study, as shown in Table 3. 

DISCUSSION 

Pancreatitis is a known complication of ERCP.2,3,11 The evolu-
tion of PEP from the initial pancreatic insult to the eventual 
local and systemic complications of pancreatitis is a multi-step 
process dependent on zymogen activation, enzymatic activa-
tion, and the release of a variety of mediators that ultimately 
sets in motion an inflammatory cascade that is self-propagating. 
Prophylactic measures that have been found useful thus far, are 
restricted to the interventional measures that soften the initial 
blow to the pancreas and those that reduce pancreatic injury 
below the threshold required for zymogen activation. Prophy-
lactic measures also include pharmacological agents that target 
inflammatory mediators that aid in propagating the inflamma-
tory cascade. However, these measures cannot be collectively 
exhaustive to eliminate the incidence of PEP. This may be due 
to two reasons. First, we are currently unable to accurately iden-
tify a threshold for zymogen activation that can reliably predict 
subsequent events in these patients. Second, our knowledge of 
the gamut of downstream inflammatory mediators is far from 
complete. Zymogen activation seems to be a point of conver-
gence that can theoretically be permissive to the propagation 
of inflammation. Therefore, it would be an ideal therapeutic 
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injection, and sphincterotomy, were equally distributed, with 
no statistically significant differences between the two groups. 
More importantly, the number of patients with difficult cannu-
lation who received PD stents and rectal NSAIDs was compara-
ble between the two groups.  

We also examined the serum trough Tac levels in patients 
who developed PEP, which were found to be significantly lower 
in patients with PEP than in those without (3.3 ng/mL vs. 6.98 
ng/mL, p=0.001). The optimal cutoff for trough tacrolimus 
levels to prevent PEP is unknown. In a retrospective study of 
liver transplant recipients, a trough tacrolimus level of 2.5 ng/
mL was found to lower the odds of PEP by 79%.26 Notably, only 
two patients (4.6%) had tacrolimus levels lower than 2.5 ng/mL; 
among these two, one patient developed PEP. The remaining 
three patients who developed PEP in the Tac group had levels 
exceeding 2.5 ng/mL. In this study, using the receiver operating 
characteristic analysis, an optimal cutoff of 3.38 ng/mL was de-
termined which could prevent PEP, with a sensitivity of 86.2% 
and specificity of 83.3%. However, it should be mentioned that 
there was considerable variability in the trough tacrolimus 
levels in this study (range, 1.8−13.5; variance, 10.2). This can 
be further explained by the fact that oral tacrolimus has been 
shown to exhibit erratic absorption with varying bioavailability 
in healthy volunteers.27,31 These observations suggest that the 
pharmacokinetic properties of oral tacrolimus, such as optimal 
dosage, ideal trough tacrolimus level, and safety, are important 
aspects that merit further study. 

This study is the first clinical trial to assess the feasibility 
and safety of oral tacrolimus for the prevention of PEP. The 
relatively higher rate of PEP, albeit mild in severity and with-
out mortality within 30 days after ERCP, in our patient cohort 
is an important finding. A relatively higher incidence of PEP 
was noted by some investigators in large university hospitals 
and tertiary referral centers. This may be related to the higher 
proportion of patients with prior unsuccessful attempts at can-
nulation, difficult cannulation, and complicated disease with 
multiple comorbidities being referred to these centers.32 The 
more liberal use of PD stenting and rectal NSAIDs can be a 
potential intervention for future practice. Although oral tacro-
limus at a cumulative dose of 4 mg was found to be feasible and 
safe, its efficacy in preventing PEP has to be assessed further in 
a larger sample size. In addition, isolated case reports of acute 
pancreatitis among renal transplant recipients, which could 
possibly be attributed to tacrolimus, was described in the liter-
ature.33,34 Although rare, this is an important aspect that merits 

consideration in future studies on the use of tacrolimus in the 
prevention of PEP. 

In conclusion, this pilot study clearly demonstrates that oral 
tacrolimus at a dose of 4 mg can safely prevent PEP in patients 
undergoing ERCP. Further randomized studies with larger sam-
ple sizes can help establish an ideal trough tacrolimus level that 
can reliably prevent PEP following ERCP procedures. 
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INTRODUCTION 

Gastrointestinal endoscopy involves the risk of infection trans-
mission because of direct contact between the endoscope and 
the patient’s mucous membranes. Furthermore, the mucosal 
barrier is penetrated when performing procedures such as 
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biopsy, polypectomy, and submucosal dissection.1-3 Infections 
associated with endoscopy can occur endogenously, from the 
patient’s own microbiome, but most are exogenous infections 
from improperly reprocessed equipment, such as endoscopes, 
endoscopic parts, and reusable endoscopy accessories, which 
can be vehicles for pathogenic or opportunistic microbes that 
are transmitted from previous patients.2,4 Meticulous reprocess-
ing of endoscopes is essential to prevent cross infection between 
patients who undergo endoscopic procedures.5-7 

The endoscopic channel is a passage for aspirating various 
organic materials and specimens in the gastrointestinal tract 
and inserting accessories of the endoscope, such as biopsy 
forceps, polypectomy snares, and injection needles. These are 
likely to leave residue inside the channel, which can be fixed to 
form a biofilm when appropriate cleaning and rinsing processes 
are not performed.8,9 When microorganisms are embedded in 

    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 biofilm, they are 10−100 times more resistant to cleansing 
chemicals than planktonic (free-floating) microorganisms and 
frequently release potentially harmful microbes.4,10,11 

The endoscopic channel has a long and narrow structure, 
making it difficult to inspect and undergo cleaning. In gener-
al, the process of reprocessing the endoscope is divided into 
the steps of manually cleaning the exterior and lumen of the 
endoscope and disinfecting the endoscope by immersing the 
endoscope in a high-level disinfectant. In a manual cleaning 
step, a conventional method to clean endoscopic channels is to 
manually insert a brush through the channel to scrape off and 
rinse off debris.5,7,12 This step must be performed completely so 
that subsequent disinfection steps can be performed effectively. 
However, this process can be cumbersome and incomplete. It 
has been found that when brushing with the endoscope shaft 
bent, the brush preferentially moves along the outer wall of the 
working channel, and the bristles hardly touch the inside of 
the curve.13 The cleaning brush can also cause damage to the 
endoscope in the long term by creating a scratch and shredding 
inside the channel, which can cause failure of the disinfection 
process.14 

The channel-cleaning ball brush (BB) is a device developed 
to compensate for this shortcoming. It is made of microfibers 
wrapped around a silicon sphere, which is sucked into the en-
doscopic channel and scrapes and cleans the lumen as it passes 
through. This is a company-sponsored study aimed to compare 
the efficiency of the BB and conventional brush (CB) in clean-
ing the channels of gastrointestinal endoscopes. 

METHODS 

Study design and setting 
The study was performed at a secondary referral hospital be-
tween August and September 2020. The hospital performs 
approximately 7,000 upper and 4,000 lower gastrointestinal en-
doscopies annually, with all relevant personnel having >5 years 
of experience, completing the reprocessing training and receiv-
ing maintenance training every year, supervised by the Korean 
Society of Gastrointestinal Endoscopy. All endoscopes used 
in the study were also used to examine patients attending the 
hospital, and 50 of each of the upper and lower gastrointestinal 
endoscopes were randomly selected and assigned to the CB and 
BB groups using the coin flip method. The primary outcomes 
were residual organic materials after the cleaning process, as de-
termined by on-site test strip and adenosine triphosphate (ATP) 

tests. The secondary outcomes were the microorganism culture 
results. 

BB and endoscopes 
The novel BB (EZ Jet Clean Ball; Silverex, Incheon, Korea) is 
made to fit the endoscopic channel, and balls of various sizes 
(2.2, 2.8, 3.2, 3.7, and 4.2 mm) are used according to the di-
ameter of the lumen. It is made of a silicon ball wrapped in 
microfibers that are 0.5−1.0 mm larger than the inner diameter 
of the endoscopic channel. Upon contact with water, the ball 
swells slightly from its original size (approximately 0.1 mm) 
(Supplementary Fig. 1). It is subsequently sucked in using the 
tip of the endoscope. Its design allows it to scrub the interior 
as it passes through the lumen of the channel (Fig. 1). The 
upper gastrointestinal endoscopes used for the examination 
were GIF-Q260 and GIF-H260 (Olympus, Tokyo, Japan; chan-
nel diameter, 2.8 mm; universal code diameter, 3.7 mm). CF-
Q260AL, CF-H260AL, and CF-HQ290 (Olympus) were used 
as the lower gastrointestinal endoscopes (channel diameter, 3.2, 
3.7, and 3.7 mm, respectively; universal code diameter, 3.7 mm 
for all). 

Endoscope reprocessing and specimen collection 
The endoscope reprocessing process was performed in accor-

Fig. 1. Ball brush. (A) Ball brushes are composed of various sizes to 
fit the size of the endoscopic channel used and are 2.8, 3.2, and 3.7 
mm in order from the left. It is made of a silicon ball wrapped in mi-
crofibers. (B) When the ball brush enters the water, it swells slightly 
from its original size. (C) When the ball brush is sucked in using the 
tip of the endoscope, it is designed to scrub the interior as it passes 
through the lumen of the endoscopic channel.
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dance with the standard method commonly recommended by 
the American Society for Gastrointestinal Endoscopy,7 Europe-
an Society of Gastrointestinal Endoscopy,5 and Korean Society 
of Gastrointestinal Endoscopy.12 Briefly, precleaning was per-
formed at the point of use after the endoscopic examination, 
after which the endoscope was moved to the reprocessing area, 
and manual cleaning was performed. During the manual clean-
ing procedure in the BB group, two BBs of appropriate size were 
placed in the enzymatic detergent solution and aspirated up the 
channel from the distal tip. Subsequently, the suction valve was 
removed, and a BB of an appropriate size of the universal cord 
(3.7 mm) was installed in the suction cylinder. The suction 
button was reinstalled, and the solution was aspirated again to 
clean the universal cord. In the CB group, the sterilized dispos-
able CB (VS-20B; Vision Medical, Incheon, Korea) method was 
used; the brush was inserted in the direction of the universal 
cord and endoscopic distal end. 

Samples were taken immediately after channel-cleaning 
for both groups, and the flush-brush-flush method adapted 
from the Duodenoscope Surveillance Sampling and Culturing 
Protocols, developed jointly by the Department of Health and 
Human Services, Food and Drug Administration; Centers for 
Disease Control and Prevention; and American Society for 
Microbiology, was used.15 Briefly, a sample collection container 
was placed under the distal tip of the endoscope, and 20 mL of 
saline was injected into the biopsy port to flush the instrument 
channel and collect the fluid in the sample collection contain-
er. In addition, air was flushed into the instrument channel to 
collect residual fluid. A sterilized channel-cleaning brush was 
then inserted into the biopsy port to collect the fluid from the 
tip. The brush head that came out through the tip was also cut 
off with a wire cutter and collected in a container. Subsequently, 
the fluid flushing process with saline and air was repeated. 

Assessment of residual organic materials and microorgan-
isms 
All tests, including microorganism culture, were performed 
with samples obtained immediately after manual cleaning (not 
after the completion of all reprocessing procedures). Immedi-
ately after fluid collection, the presence of residual carbohy-
drate, protein, and hemoglobin was assessed on-site using a 
ChannelCheck16 test strip (Healthmark Industries, Fraser, MI, 
USA) by the reprocessing personnel. This involved dipping 
the strip in the collected fluid for 5 seconds, waiting for 90 
seconds, and observing the color change. The lower limits of 

detection for carbohydrate, protein, and hemoglobin were 25, 
30, and 0.25 µg/mL, respectively. The microorganism burden 
was measured with the ATP level using a luminometer17 (Lu-
mitester Smart; Kikkoman Corp., Chiba, Japan), which is a 
commercially available on-site ATP measuring kit that uses a 
swab (Lucipac A3;18 Kikkoman Corp.) immediately after fluid 
collection by the reprocessing personnel. The ATP levels were 
measured in relative light units (RLU). If any strip test was 
positive for any organic residues or the ATP test showed >40 
RLU, the cleaning process was performed again and retested to 
confirm a negative strip test and ensure that the RLU value was 
lowered to <40.18 

Microorganism culture 
To check for the presence of microorganisms, 45 mL of 
Dey-Engley neutralizing broth (Sigma-Aldrich, St. Louis, MO, 
USA) was added to the fluid collected in the sample collection 
container and then vortexed for 10−20 seconds. The fluid was 
subsequently transferred to a conical tube and centrifuged 
at 3,500×g for 15 minutes. Then, the pellet was spread on a 
blood agar plate and incubated at 35°C−37°C for 72 hours. 
Microbial cultures were performed in Nowon Eulji Medical 
Center, Eulji University laboratory.  

Statistical analysis  
Since previous studies on the detection of residual organic ma-
terial and microorganisms after the endoscope cleaning process 
could not be found, the target number of samples in each group 
was arbitrarily set to 50, with 100 samples. Continuous variables 
(ATP level) are presented as mean±standard deviation, and 
Student t-test was used to compare the two groups. Categorical 
variables (presence of organic material and microorganism 
culture) are presented as numbers (%) and analyzed using the 
chi-square test. The measured values are presented in terms of 
the frequency and fraction (%). Double-sided p-values of <0.05 
were considered statistically significant. All statistical analyses 
were conducted using R software (R for Windows V.4.0.0; The 
R Foundation for Statistical Computing, Vienna, Austria). 

Ethical statements 
The study protocol was reviewed and approved by the Insti-
tutional Review Board of Nowon Eulji Medical Center, Eulji 
University School of Medicine (IRB No: NON2020-002). As 
this was not a human study, informed consent was waived. The 
study was conducted in accordance with the ethical guidelines 
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of the 1975 Declaration of Helsinki. 

RESULTS 

Endoscopes 
In total, 114 endoscopes were cleaned and tested, slightly ex-
ceeding the planned number. Twenty-nine upper and 27 lower 
endoscopes were cleaned with the CB, while 29 upper and 29 
lower endoscopes were cleaned with the BB (Table 1). The en-
doscope models used for upper gastrointestinal endoscopy were 
GIF-Q260 (Olympus) and GIF-H260, which have a 2.8-mm-
wide instrumental channel diameter. Furthermore, CF-Q260AL 
(instrumental channel diameter, 3.2 mm), CF-H260AL, and 
CF-HQ290 (instrumental channel diameter, 3.7 mm) were used 
for lower gastrointestinal endoscopy. There was no difference 
in the ratio of upper and lower gastrointestinal endoscopies 

(p=0.997) or proportion of the endoscope models (p=0.963) be-
tween the two groups. There were no cases in which the BB was 
stuck in the endoscopic channel. 

Residual carbohydrate, protein, and hemoglobin 
After the cleaning process, both residual carbohydrates and 
proteins were detected in one (1.8%) and two endoscopes 
(3.4%) in the CB and BB groups, respectively (p=1.000). 
Similarly, residual proteins were also detected in one (1.8%) 
and two endoscopes (3.4%) in the CB and BB groups, respec-
tively (p=1.000). Residual hemoglobin was positive in one 
(1.8%) and three endoscopes (5.2%) in the CB and BB groups 
(p=0.636) (Table 2). In the CB group, residual carbohydrate, 
protein, and hemoglobin were all detected in one endoscope, 
whereas in the BB group, residual carbohydrate, protein, and 
hemoglobin were all detected in two endoscopes, with only 

Table 1. Details of endoscopes
Variable Ball brush (n=58) Conventional brush (n=56) p-value
Endoscopic procedure 0.997
 Upper GI endoscopy 29 (50.0) 29 (51.8)
 Lower GI endoscopy 29 (50.0) 27 (48.2)
Endoscope model 0.963
 GIF-Q260 (CD, 2.8 mm) 19 (32.8) 21 (37.5)
 GIF-H260 (CD, 2.8 mm) 10 (17.2) 8 (14.3)
 CF-Q260AL (CD, 3.2 mm) 10 (17.2) 11 (19.6)
 CF-H260AL (CD, 3.7 mm) 8 (13.8) 7 (12.5)
 CF-HQ290 (CD, 3.7 mm) 11 (19.0) 9 (16.1)

Values are presented as number (%).
GI, gastrointestinal; CD, channel diameter.

Table 2. Efficacy outcomes
Variable Ball brush (n=58) Conventional brush (n=56) p-value
Positive on test strip
 Carbohydrate 2 (3.4) 1 (1.8) 1.000
 Protein 2 (3.4) 1 (1.8) 1.000
 Hemoglobin 3 (5.2) 1 (1.8) 0.636
ATP (RLU) 12.5±14.3 10.6±15.9 0.496
Microorganism culture
 Positive on culture 19 (32.8) 27 (48.2) 0.136
 CFU (count) 0.033
  No growth 39 (67.2) 29 (51.8)
  1–10 13 (22.4) 17 (30.4)
  11–100 3 (5.2) 10 (17.9)
  >100 3 (5.2) 0

Values are presented as number (%) or mean±standard deviation.
ATP, adenosine triphosphate; RLU, relative light unit; CFU, colony-forming unit.
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hemoglobin present in the other. 

Measurement of the ATP levels and microorganism cul-
ture 
The ATP levels were 10.6±15.9 and 12.5±14.3 RLU in the CB 
and BB groups, respectively (p=0.496) (Fig. 2). In the BB group, 
two endoscopes measured the ATP levels of >40 RLU (44 and 
100 RLU), and in the CB group, one endoscope measured the 
ATP levels of >40 RLU (117 RLU). Twenty-seven (48.2%) and 
19 endoscopes (32.8%) in the CB and BB groups, respectively, 
were positive for microbial cultures (p=0.136). The ATP level 
and microbial culture results for each endoscope were catego-
rized into the BB and CB groups and are presented in Figure 3 
and Table 3.  

DISCUSSION 

Most microorganisms are removed during the cleaning and 
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Fig. 2. Comparison of the adenosine triphosphate (ATP) levels of 
the ball brush and conventional brush groups. The bar with whisker 
represents the mean and standard deviation. RLU, relative light unit.

Fig. 3. The adenosine triphosphate (ATP) level and microbial culture results for each endoscope. RLU, relative light unit.
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Table 3. Microbial culture results and corresponding ATP levels in both groups
Endoscope type ATP (RLU) CFU (count) Microorganism Note
Ball brush group (n=19)
 Lower (HQ290) 5 1–10 Achromobacter denitrificans
 Lower (Q260AL) 12 1–10 Coagulase-negative Staphylococci
 Upper (Q260) 34 1–10 Coagulase-negative Staphylococci Carbohydrate, protein, and hemoglobin+on strip test
 Lower (H260AL) 8 1–10 Enterobacter cloacae subsp. cloacae
 Lower (HQ290) 5 1–10 Escherichia coli
 Lower (Q260AL) 11 1–10 Escherichia coli
 Lower (HQ290) 17 1–10 Escherichia coli
 Upper (H260) 7 1–10 Gram-negative bacilli
 Upper (H260) 10 1–10 Gram-negative bacilli
 Upper (Q260) 13 1–10 Gram-positive bacilli
 Upper (H260) 4 1–10 Gram-positive bacilli
 Upper (Q260) 26 1–10 Gram-positive bacilli
 Upper (H260) 14 1–10 Stenotrophomonas maltophilia
 Upper (Q260) 6 11–100 Corynebacterium species
 Lower (H260AL) 9 11–100 Klebsiella pneumoniae
 Lower (Q260AL) 100 11–100 Pseudomonas aeruginosa Hemoglobin+
 Upper (H260) 10 >100 Candida albicans
 Lower (H260AL) 17 >100 Candida pelliculosa
 Lower (Q260AL) 17 >100 Escherichia coli
Conventional brush group (n=27)
 Lower (Q260AL) 10 1–10 Candida species
 Lower (Q260AL) 7 1–10 Candida species
 Upper (H260) 6 1–10 Citrobacter freundii
 Lower (Q260AL) 7 1–10 Coagulase-negative Staphylococci
 Lower (HQ290) 12 1–10 Enterococcus faecalis Carbohydrate, protein, and hemoglobin+on strip test
 Upper (H260) 7 1–10 Escherichia coli
 Lower (HQ290) 11 1–10 Escherichia coli
 Upper (Q260) 16 1–10 Escherichia coli
 Lower (HQ290) 117 1–10 Escherichia coli
 Upper (H260) 7 1–10 Escherichia coli
 Upper (H260) 2 1–10 Escherichia coli
 Lower (Q260AL) 4 1–10 Escherichia coli
 Lower (HQ290) 4 1–10 Escherichia coli
 Lower (Q260AL) 5 1–10 Escherichia coli
 Upper (H260) 6 1–10 Escherichia coli
 Lower (Q260AL) 10 1–10 Escherichia coli
 Upper (H260) 3 1–10 Klebsiella aerogenes
 Upper (H260) 16 11–100 Candida species
 Lower (HQ290) 23 11–100 Candida species
 Upper (Q260) 20 11–100 Citrobacter freundii
 Lower (H260AL) 18 11–100 Enterococcus faecalis
 Lower (HQ290) 3 11–100 Escherichia coli
 Lower (HQ290) 6 11–100 Escherichia coli
 Lower (H260AL) 11 11–100 Escherichia coli
 Lower (Q260AL) 16 11–100 Proteus species
 Lower (H260AL) 2 11–100 Providencia rettgeri
 Lower (H260AL) 16 11–100 Stenotrophomonas maltophilia

ATP, adenosine triphosphate; RLU, relative light unit; CFU, colony-forming unit.
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disinfection steps in endoscope reprocessing. Manual cleaning, 
including flushing and brushing of the entire channel system, is 
emphasized in most guidelines and is considered the most im-
portant step.5,7,12 Any debris that remains may impair the effica-
cy of subsequent reprocessing steps and support the formation 
of biofilms.10,11 When cleaning the endoscopic channel, a brush 
in the form of nylon bristles attached to a twisted stainless-steel 
wire is generally used. Outbreaks of carbapenemase-producing 
Klebsiella pneumoniae due to contamination of this brush have 
been reported,19 and the off-label use of the brush has been 
identified as a major cause.20 There is also a risk of damaging 
the lumen of the endoscopic channel by scrubbing with hard 
bristles and wire.5 

The channel-cleaning BB used in this study has neither nylon 
bristles nor twisted stainless-steel wires. The BB is composed 
of microfibers that surround a soft silicon sphere. This allows 
it to pass through the channel while scrubbing it, thus possibly 
cleaning a wider cross-sectional area without causing damage 
and without the need for strenuous labor. Since cleaning the 
channel by suctioning the BB is a simple process of aspirating 
the BB along with the detergent solution, the entire process 
takes <1 minute and leaves little room for individual differenc-
es and can be easily standardized. It was feasible to use the BB 
to clean the endoscopic channel and quicker to use compared 
with the CB. Moreover, the BB was not stuck in the channel. 
It can be cumbersome to select and use a BB of an appropriate 
size, but it is not difficult once an individual becomes familiar 
with it because the channel size does not differ greatly for each 
endoscope despite the wide variety of endoscope models. When 
comparing the cleaning efficacy between the BB and CB, there 
was no significant difference in the presence of residual organic 
materials (protein, carbohydrate, and hemoglobin), ATP levels, 
and microbial cultures. 

Indicators verifying the adequacy of the endoscope repro-
cessing process have not yet been clearly established. To date, 
various methods have been used or studied, such as a test strip 
for bioburden, measuring the ATP level, and a microorganism 
culture, as in the methods used in this study.16,21 However, it is 
also not clear how, when, and where the specimens should be 
collected as well as how the test results should be interpreted. 
In ATP tests, the cutoff values of <20022 or <100 RLU23 were 
suggested depending on the study. In our study, a more strin-
gent cutoff value of ≤40 RLU was set by referring to the results 
of a previous study18 using the same equipment as in this study. 
Moreover, there was no significant difference in the mean ATP 

levels and the case of the ATP levels of >40 RLU between the 
two groups. 

In this study, residual organic materials, although very few, 
were detected in both groups, and microbial culture tests were 
also positive in several endoscopes in both groups. In clinical 
practice, it is difficult to tolerate the presence of any residual 
organic materials or microbial cultures in the endoscope after 
reprocessing. However, this study was performed operated un-
der a more stringent condition, as samples were acquired and 
tested immediately after manual cleaning and without perform-
ing other appropriate disinfection procedures. In addition, it is 
considered acceptable to have a positive microbial culture result 
without undergoing a high-level disinfection process. In the 
disinfection process, because the channel lumen is flushed and 
immersed using a high-level disinfectant, residual organic ma-
terials, and microorganisms are further reduced and expected 
to be eliminated after the completion of endoscope reprocess-
ing. 

Because of the narrow and long structure of the endoscopic 
channel, it is difficult to check it with the naked eye, as foreign 
substances are easily trapped, and defects are prone to occur 
during the cleaning process.24 In particular, when defoaming 
agents, lubricants, and tissue glue are used during endoscopy, 
these substances may not be well removed from the channel 
during endoscope reprocessing, which can cause problems.25 
Therefore, various efforts have been made to clean the channel 
properly. Liu et al.26 attempted to use SpyGlass to inspect the 
lumen of the channel. Moreover, Thaker et al.13 suggested a 
method for inspecting the endoscope instrument channel using 
a prototype borescope. Meanwhile, to clean the inside of the 
channel, Bhatt et al.27 proposed a method of removing and ster-
ilizing the biofilm inside the endoscopic channel using an argon 
plasma-activated gas with a special device.  

In this study, the BB failed to show superiority to the CB in 
terms of efficacy. However, it is expected to increase the degree 
of compliance because of its simpler protocol and reduced labor 
requirements. In theory, as the cross-sectional area for scrap-
ing the channel lumen is wider than that of the CB, it may be 
expected that contaminants can be removed more accurately 
using a BB. 

The limitation of this study is the fact that the number of 
samples was arbitrarily determined and statistically, the BB 
failed to show better results compared with the CB. Addition-
ally, residual organic materials were detected at slightly higher 
levels in the BB group (three vs. one). The lack of significant 
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differences between the groups may be attributable to the insuf-
ficient sample size. This requires further validation. However, 
the number of events was small, and clinically significant dif-
ferences were not observed. Furthermore, the BB has several 
theoretical advantages, which need to be verified with more 
studies and in a clinical setting. In our study, only conventional 
upper and lower gastrointestinal endoscopes were used, and en-
doscopes with complex structures, such as duodenoscopes and 
linear echoendoscopes, were not used. In fact, the BB is used 
for channel-cleaning, and it is not considered superior to CB for 
cleaning complex structures such as the elevator mechanisms of 
these endoscopes. This finding may be further investigated in 
future studies. 

In conclusion, the efficacy of BB was not significantly differ-
ent from that of CB in the endoscopic channel-cleaning process. 

Supplementary Material 

Supplementary Fig. 1. Structure and size of the brush ball.  

Supplementary materials related to this article can be found on-
line at https://doi.org/10.5946/ce.2021.210. 
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We report five patients treated for esophageal fibrovascular polyps using a minimally invasive technique. Esophageal fibrovascular pol-
yps are benign pedunculated submucosal tumors of considerable size. The treated polyps size ranged from 1.5 to 13 cm. The polyps 
were removed by relocation to the oral cavity under endoscopic control. No perioperative complications occurred after the treatment. 
The follow-up of patients after surgery was 9–89 months, with no evidence of polyp recurrence. Thus, the described treatment is safe 
but requires experience with endoscopy as well as esophageal surgery. 

Keywords: Esophagus; Fibrovascular polyps; Minimal invasive; Resection  
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INTRODUCTION 

Esophageal fibrovascular polyps (EFPs) are among the rarest 
benign esophageal tumors. In the available literature, only a few 
over 100 cases have been described.1 The predominant symp-
toms of polyps are dysphagia, regurgitation, vomiting, and non-
specific chest pain, which increase with polyp size. The tumor 
is typically located in the cervical part of the esophagus or hy-
popharynx, can reach a huge size, and in certain circumstances, 
can be life-threatening.2 

Here, we present a method for endoscopic resection of giant 
EFPs. To our knowledge, this is the largest cohort of endoscopi-
cally treated patients in the literature. 

CASE REPORT 

Patients 
Patients in the study were operated on for giant EFPs between 
2008 and 2018 (Table 1). 

Diagnostic 
The diagnostic work-up included chest X-ray, barium swallow, 
chest computed tomography (Fig. 1), esophagoscopy with biop-
sy and endoscopic ultrasound. 

Endoscopic technique 
The procedure was performed under general anesthesia. First, 
the polyp base was evaluated during endoscopy, then a laryn-
goscope to visualize laryngopharynx with the stalk of the polyp, 
followed by moving the polyp outwards into the oral cavity and 
then outside using an endoscope and adjacent grasping tool 
(Figs. 2–4). This maneuver enabled access to the base of the 
stalk for safe removal. Finally, the removal itself, under endo-
scopic control, was performed using diathermy, hot snare, and 
argon plasma coagulation. Endoscopic control was routinely 
performed on the first postoperative day. Patients were on a 
liquid diet, and the length of hospital stay varied between one 
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Table 1. Clinical characteristics of the patients with esophageal fibrovascular polyp
Sex/age  
(yr) Location of polyp Polyp size  

(mm) Symptoms Diagnostic Treatment Follow-up  
(mo) Recurrence

M/54 Upper esophagus 130×50 Dysphagia, vomiting, 
chest pain

Contrast examination, CT 
scan, esophagoscopy, EUS

Transoral resection 89 No

F/48 Upper esophagus 70×30 Dysphagia, vomiting, 
chest pain

Contrast examination, CT 
scan, esophagoscopy, EUS

Transoral resection 81 No

M/55 Upper esophagus 90×50 Dysphagia, vomiting, 
chest pain

Contrast examination, CT 
scan, esophagoscopy, EUS

Esophagotomy and 
transoral resection

77 No

F/62 Upper esophagus 40×30 Dysphagia, vomiting, 
chest pain

Contrast examination, CT 
scan, esophagoscopy, EUS

Transoral resection 48 No

M/36 Upper esophagus 15×10 No symptoms Contrast examination, CT 
scan, MRI, esophagoscopy, 
EUS

Transoral resection 9 No

M, male; F, female; CT, computed tomography; EUS, endoscopic ultrasonography; MRI, magnetic resonance imaging.

Fig. 1. Computed tomography scan showing a giant esophageal pol-
yp descending to the bifurcation of the trachea.

Fig. 2. Endoscopic image of the polyp. The arrow marks the polyp.

Fig. 3. Giant fibrovascular polyp moved outside the esophagus and 
the oral cavity.

Fig. 4. Grasping tool used to relocate the polyp into the oral cavity.
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Patient 4 
A 62-year-old woman was admitted to the hospital with acute 
symptoms of upper gastrointestinal tract bleeding. She received 
four units of packed red blood cells and achieved hemody-
namic stability. A full diagnostic workup was performed after 
being transferred to our ward, as in the previous patients. The 
patient was scheduled to undergo endoscopic treatment, and 
then a 4×3 cm polyp was removed. The patient was discharged 
home on the third postoperative day and was followed up for 
48 months with no signs of local recurrence. 

Patient 5 
A 36-year-old man was referred to our department with an in-
cidental finding of an esophageal lump, which was revealed on 
magnetic resonance imaging of the cervical spine performed 
for intervertebral disc disease. Esophagoscopy was performed 
with suspicion of an esophageal polyp. Repeated esophagoscopy 
revealed a 15 mm polyp with morphology suggestive of fibro-
vascular type; therefore, he was scheduled for a polypectomy. 
The postoperative period was uneventful, and the patient was 
discharged the following day. There were no signs of local re-
currence during the follow-up period of nine months. 

DISCUSSION 

EFPs are among the least often diagnosed benign intraluminal 
esophageal lumps. They are often located on the posterior pha-
ryngeal wall near Laimer’s triangle or, more rarely, in the hy-
popharynx.3 Morphologically, the polyps are derived from the 
submucosal layer and are composed of muscular, vascular, fi-
brous, and adipose tissues.3 They may be asymptomatic or may 
cause different grades of dysphagia. Because of the stalk, they 

and three days, although one patient stayed for 5 days for a tho-
racotomy. 

Patient 1 
A 54-year-old man presented with increased dysphagia, loss of 
appetite, vomiting, and unintentional weight loss of approxi-
mately 4 kg. Diagnostic work-up was performed as described 
above. Microscopy was suggestive of esophageal mucosal 
inflammation. He was admitted with acute dyspnea and dys-
phagia before the elective surgery. The patient was operated 
in an emergency setting. Endoscopy was performed under 
general anesthesia to localize the polyp origin. The polyp was 
removed as described above. On the first postoperative day, 
esophagoscopy was performed, which showed good healing at 
the post-polypectomy site. The patient was discharged on the 
third postoperative day. There were no signs of local recurrence 
during the follow-up period of 89 months. 

Patient 2 
A 48-year-old woman was admitted to the ward with complete 
dysphagia. After the diagnostic work-up, a giant esophageal 
polyp was diagnosed. Microscopy was suggestive of esopha-
geal mucosal inflammation. Before surgery, an endocavitary 
electrode was implanted due to symptoms of bradycardia. Di-
agnostic endoscopy was performed under general analgesia, 
revealing a pedunculated polyp measuring 7×3 cm. The patient 
was scheduled for endoscopic tr eatment, and the polyp was re-
moved. On the first postoperative day, esophagoscopy was per-
formed and showed good healing at the post-polypectomy site. 
There were no signs of local recurrence during the follow-up 
period of 81 months. 

Patient 3 
A 55-year-old man was admitted to department of Thoracic 
and Surgical Oncolgy Jagiellonian University, John Paul II Hos-
pital with dysphagia with the same diagnostic workup from 
previous patients. The results raised the suspicion of cancer; 
therefore, the patient was scheduled for surgery. Thoracotomy 
was performed. Intraoperatively, a giant esophageal polyp was 
diagnosed with no signs of malignancy in fresh frozen sections 
(Fig. 5). Removing the polyp was difficult during thoracotomy; 
therefore, the polyp measuring 9×5 cm was removed endoscop-
ically, as in the previously described cases. The patient was dis-
charged home on the fifth postoperative day and was followed 
up for 77 months with no recurrence. 

Fig. 5. Giant polyp of the esophagus: an intraoperative image.

Włodarczyk et al. Endoscopic resection of giant esophageal polyp
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can regurgitate through the mouth and press on the larynx, 
which can lead to dyspnea and death.2 Esophageal polyps are 
usually correctly diagnosed during workup, but in approximate-
ly 25% of esophagoscopies, they are misdiagnosed due to their 
morphology.4 Furthermore, Graham et al.4 believe that correctly 
diagnosing esophageal polyps may not always be obvious, even 
after surgery, and that a differential diagnosis including liposar-
coma should be considered. 

Endoscopic techniques are the method of choice for patients 
with polyps at approximately 2 cm in diameter, while those >8 
cm should be treated with open techniques.5 Giant polyps are 
those measuring >5 cm.5 Using a Vereda laryngoscope, Pham 
et al.6 resected a polyp measuring >10 cm. Ward et al.7 removed 
a 16×3 cm polyp using an endoscopic loop technique. Howev-
er, endoscopic removal of a polyp in its entirety is not always 
possible, and in some cases, it is difficult, as it may cause com-
plications, which is confirmed by the reports of Li et al.8. The 
authors removed a 6 cm polyp in small parts without being sure 
of radicality, and the operation was interrupted due to edema of 
the esophageal mucosa after 3 hours. After a week, endoscopy 
was performed again, confirming radical removal. 

Cockbain et al.9 presented the largest paper on open-tech-
nique treatment reported in the literature, involving four pa-
tients treated for EFPs. They believe that the open technique 
provides a good view of the pedicle, eliminates the risk of polyp 
recurrence, and should be reserved for patients with polyps 
measuring >10 cm. It should be noted that open-technique 
polyp removal was a major problem, and the authors used lapa-
roscopy and gastrotomy to remove it. There was no recurrence 
during the long-term follow-up. Quijano et al.10 believe that the 
open technique is the method of choice for recurrent polyps. 

It seems that one of the key elements in the treatment of 
patients with giant fibrovascular polyps is the identification of 
the polyp stalk and its correct resection. Improper stalk iden-
tification can lead to life-threatening complications, such as 
intraoperative bleeding or perforation of the esophageal wall or 
pharynx. 

Our technique takes advantage of the mobility of the polyp, 
which is relocated to outside the mouth with a grasping in-
strument and is cut off under endoscopic guidance. Using this 
technique, we have a good view of the pedicle, allowing us to 
cut it off safely. No early perioperative complications, such as 
bleeding and/or esophageal fistula, or late complications related 
to polyp recurrence were observed after treatment. 

EFPs are difficult to diagnose and treat. Our proposed meth-

od of transluminal polyp removal through the natural orifice is 
safe, allowing for the resection of large polyps. There were no 
signs of recurrence during the long-term follow-up. This tech-
nique could be the treatment of choice for EFPs, and only its 
failure should indicate open surgical treatment. 
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Coronavirus disease 2019 (COVID-19), caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), was first 
reported in December 2019 and has since spread rapidly world-
wide. Despite many efforts to prevent the further spread of the 
virus, cases continue to increase and still present a threat. It was 
once believed that the development of a vaccine would be the 
solution; however, the effectiveness of the currently available 
SARS-CoV-2 vaccine is expected to be hampered by increased 
mutations in the viral spike glycoprotein, and the pandemic 
has not yet ended. Considering that fatal coronaviruses, such as 
SARS-CoV-1 and the Middle East respiratory syndrome coro-
navirus, have emerged periodically in the last decades, there 
is a high possibility that an epidemic similar to COVID-19 
will occur again in the future, and the importance of basic and 
universal infection prevention measures still persists. Since the 
declaration of the COVID-19 pandemic, various international 
gastroenterology societies have published guidelines to prevent 
the spread of the infection.1-3 The primary routes of transmis-
sion of COVID-19 are respiratory droplets and airborne aero-
sols; therefore, these guidelines can be applied universally for 
infectious diseases transmitted via respiratory specimens. 

The typical symptoms of COVID-19 are fever and respira-
tory symptoms such as cough and sore throat. Nausea, myal-
gia, and mild flu-like symptoms are also common. However, 
in rare cases, only digestive symptoms, such as diarrhea and 
abdominal pain, may appear without respiratory symptoms, 
and a significant number (approximately 80%) of patients are 
asymptomatic or show only mild symptoms. This can create a 
pitfall in quarantine, making it difficult to suspect and diagnose 
COVID-19 infection. Endoscopy rooms are high-risk areas for 
the transmission of respiratory infections because endoscopic 
procedures require a short physical distance between patients 
and healthcare personnel, and examinees often generate respi-
ratory droplets and aerosols. During an endoscopic procedure, 
coughing, retching, and flatus can generate aerosols, and oral 
and/or fecal material often contaminate the surroundings.4 The 
risk of exposure to infectious agents is not limited to upper en-
doscopy procedures; considering the reports on the detection 
of SARS-CoV-2 in biopsy specimens and stools, a possible fe-
cal-oral transmission is suggested.5  

Preventive measures in an endoscopy center start by mini-
mizing the chance of an infected person visiting the center. To 
achieve this, it is necessary to first determine whether there is 
any risk of infection by asking structured questions. Generally, 
the questionnaire consists of the following questions: whether a 
person (1) has/had any symptoms related to COVID-19 infec-
tion, such as fever (>37.5°C), cough, sore throat, or respiratory 
problems in the past 14 days, considering the maximum incu-
bation period; (2) has a family member or close contact with 
a suspected or confirmed case of COVID-19; and (3) has ever 
been to a facility/areas that are at a high-risk for COVID-19. 
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The body temperature of the visitor should then be checked 
before entering the endoscopy center. If the reply to any of the 
above questions is positive, a test for COVID-19 should be 
performed, and the person should undergo endoscopy only 
after a negative result is confirmed. If the test result is positive, 
the endoscopy should be postponed until quarantine is com-
pleted. These screening procedures are intended to reduce the 
likelihood of an infected person visiting the endoscopy center. 
However, the utility of the screening questionnaire is limited 
when community transmission is established, and transmission 
through individuals with asymptomatic or atypical symptoms 
is present. In the phase of community spread via asymptomatic 
individuals, prescreening checklists have limited utility. There-
fore, all patients undergoing endoscopy should be considered as 
potentially infected or capable of infecting others.6 

Once a person enters the endoscopy center, infection control 
relies on basic standard precautions for infection prevention, 
such as hand hygiene, distancing, and wearing appropriate per-
sonal protective equipment. Endoscopy examinees should wear 
a surgical mask before and after endoscopy, and hand hygiene 
should be performed using an alcohol-based solution. When 
performing upper gastrointestinal endoscopy, the mask of the 
examinee should be removed immediately before the endosco-
py, and should be put on again immediately after the procedure. 
To avoid close contact and cross-infection between examinees, 
a 1 to 1.8 m distance between examinees should be maintained. 
The number of people and guardians in the waiting room or 
recovery room should be limited to a minimum and waiting 
times should also be kept to a minimum. For healthcare per-
sonnel, all workers should thoroughly wash their hands using 
alcohol-based solutions before examinations and procedures, 
and surgical masks, goggles or face shields, gloves, and water-
proof gowns should be worn. When aerosol production is an-
ticipated, a mask equivalent to the N95 (KF94 in Korea) should 
be worn. In addition to the aforementioned precautions, the 
American Society for Gastrointestinal Endoscopy recommends 
covering the hair with a hairnet or hat.3 The guidelines of the 
Korean Society of Gastrointestinal Endoscopy recommend that 
the endoscopists and medical staff should wear an N95 mask 
(KF94 in Korea) and face shields or safety glasses when per-
forming upper gastrointestinal endoscopy, endoscopic retro-
grade cholangiopancreatography, endoscopic ultrasonography, 
and urea breath tests.7 

After endoscopy, strict adherence to hand hygiene, environ-
mental disinfection, and ventilation is required because SARS-

CoV-2 can remain viable in aerosols and on the surrounding 
surfaces of the endoscopy room for a long time.8 Disinfection of 
endoscopic equipment can be carried out according to the pre-
viously established reprocessing procedures for endoscopes and 
accessories, without modifications.9 Healthcare personnel who 
reprocess the endoscopic equipment should wear appropriate 
personal protective equipment, including gloves, waterproof 
gowns, face shields, bonnets, and surgical masks. 

Hospital-grade disinfectant solutions and wipes must be used 
for environmental disinfection. After endoscopy, the bed and 
bed rails that had come into contact with the patient should 
be cleaned every time, and other high-touch surfaces, such as 
keyboards, computer mice, phones, door handles, and faucets, 
should be disinfected at least twice a day. Restrooms should also 
be cleaned frequently. The endoscopy room should be ventilat-
ed using a ceiling-type air conditioner or fan coil unit, and the 
disinfection space should be ventilated by installing a dedicated 
vent. The patient waiting area should be ventilated at least twice 
a day (once in the morning and once in the afternoon) by open-
ing the windows and doors.  

It is advised that the endoscopy should be postponed for pa-
tients with confirmed or suspected COVID-19 infection. How-
ever, in an emergency setting, such as gastrointestinal bleeding, 
acute cholangitis, or gallstone pancreatitis, an experienced 
endoscopist who can perform the endoscopy with a minimum 
number of assistants, should proceed with the procedure. All 
staff members should wear respiratory protection equipment 
equivalent to N95 masks, disposable gloves, eye protection 
equipment (goggles or face shields), hairnets, shoe covers, and 
disposable long-sleeved waterproof gowns. If possible, Level D 
protective equipment is recommended. It is best to perform the 
endoscopy in a negative-pressure room; however, if an endos-
copy center does not have a negative-pressure room, it is rec-
ommended to perform the endoscopy in a well-ventilated room 
and perform the procedure as the last examination of the day. 
To prevent cross-infection and close contact between patients, 
the travel time or route should be discussed in advance. For disin-
fection of the endoscopy room, the healthcare personnel should 
wear personal protective equipment for at least 30 minutes after 
the patient has left the room. For ventilation, a dedicated venti-
lation vent should be installed in the endoscopy room, and after 
environmental disinfection, at least 30 minutes of ventilation for 
a negative-pressure room and 1 hour for a non-negative-pres-
sure room is required before a new patient can enter the room. 

The endoscopy room is a particularly vulnerable space for the 
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transmission of COVID-19 and other infectious diseases. Spe-
cial efforts are required to prevent the spread of infections in 
this area. The first step in preventing the spread of infection is 
to minimize the possibility of an infected person visiting the en-
doscopy room. In addition, even if an infected person visits the 
endoscopy room, the risk of transmission of infection should be 
minimized through hand hygiene, wearing appropriate person-
al protective equipment, and maintaining distance (spatial and 
temporal). On the other hand, it is also important to thoroughly 
follow the guidelines for reprocessing the endoscope, cleaning 
the endoscopy room, and ventilation. When the endoscopy is 
performed in a patient suspected or confirmed to be infected 
with COVID-19, special attention is required with respect to 
personal protective equipment, patient movement, disinfection, 
and ventilation after the procedure. In the past two years of the 
COVID-19 pandemic, there have been many changes in trans-
mission dynamics, such as the rate and extent of the spread of 
the virus. Vaccines and therapeutic agents have been developed; 
however, there have been changes in the transmission power 
and virulence due to the emergence of COVID-19 variants. 
Recently, in Korea, social distancing is being relaxed due to the 
‘With Corona policy,’ and the period from infection to release 
from quarantine is becoming shorter. Despite these facts, the 
basic disease transmission route and natural history have not 
changed significantly, and the basic infection prevention mea-
sures are still valid and important. 
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In recent years, there have been numerous multi-drug resistant 
outbreaks attributed to endoscopes, with studies documenting 
residual bioburden on endoscopes, suggesting inadequate dis-
infection as the cause of these outbreaks.1,2 Wire-guided bougie 
dilation (WBD) is a common treatment strategy for esophageal 
strictures. Similar to gastrointestinal endoscopes, dilators have 
long, narrow lumens, and high-level disinfection (HLD) is used 
to reprocess these devices. However, despite the breadth of data 
on reprocessed endoscopes, there are no data on the prevalence 
of infectious transmission between reprocessed WBD dila-
tors. Given the exposure of these instruments to the microbial 
bioburden in the oral cavity and esophagus, we sought to deter-
mine whether WBD dilation poses the same potential risk. 

Based on the few studies performed on the reprocessing of 
flexible endoscopes, the increased level of pathogen transmis-
sion has been linked to inadequate cleaning, incorrect selection 
of high-level disinfecting agents, and/or improper drying and 
other breeches in reprocessing.3-5 Given the paucity of data eval-
uating the infectious transmission rate with reusable WBD di-
lators, the objectives of this study were (1) to determine the rate 
of infectious complications after use of WBD dilators during 
endoscopic procedures, and (2) to evaluate the etiology of re-

admission within 90 days following endoscopy with the use of 
WBD dilators. 

Billing data from the De partment of Gastroenterology, Mas-
sachusetts General Hospital were utilized to retrospectively 
identify patients who underwent endoscopy with WBD to treat 
esophageal strictures from 2000 to 2019. An infectious compli-
cation was defined as any infectious process that developed in 
a patient within 90 days after their endoscopic procedure. Pa-
tients who had esophageal stents placed during the same time 
period were excluded. Cases were examined for primary demo-
graphic data, immediate complication rates, and readmission 
within 90 days of the procedure with a review of all admission 
notes, emergency department visits, endoscopy reports, relevant 
progress notes, microbiology results, and discharge summaries. 
Data extracted included readmission etiology and possible 
confounding factors, including the recent use of immunosup-
pressive medications, antibiotics, chemotherapy, radiation, and 
any active infections at the time of the dilation. Reasons for 
readmission were grouped into infectious and non-infectious 
etiologies. The results were categorized into subgroups, and 
the percentage of each etiology for readmission was calculated. 
The bougie dilators evaluated in this study were manufactured 
by two manufacturers. Savary-Gilliard dilators were made by 
Cook Medical Device Company (Billerica, MA, USA), and 
American dilators were made by ConMed (Westborough, MA, 
USA). Our institutional protocol for WBD reprocessing uti-
lizes ortho-phthalaldehyde for HLD; further information on 
the specific reprocessing protocol is detailed in Supplementary 
Material 1. This study was conducted in full accordance with all 
applicable Massachusetts General Hospital Policies and Proce-
dures. 
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In total, 528 patients underwent WBD and met the inclusion 
criteria. Forty-four (8.3%) of these patients were readmitted 
within 90 days of the procedure (Table 1), of which eight had 
infections defined clinically or radiographically (18.2%). The 
most common infection was respiratory etiology (n=7, 15.9%), 
followed by gastrointestinal (n=1, 2.3%). Gastrointestinal (GI) 
infection was secondary to Clostridium difficile. The remaining 
35 cases of readmission within the first 90 days (79.5%) were 
due to cardiac etiologies, non-infectious GI-related symptoms 
(nausea, vomiting, dysphagia), metabolic abnormalities (such 
as hyponatremia), and miscellaneous etiologies (including falls, 
alternate non-gastrointestinal procedures, etc.). The mean du-
ration between procedure and readmission was 34.5 days. 

In reviewing the specific dilators used in each case, none of 
the same-sized dilators were used within a three-month period 
of another case with an infectious complication. Our Depart-

ment of Gastroenterology has two complete sets of bougie 
dilators that range from 18 to 60 French within the endoscopy 
unit. We estimate that we average 1 dilation every 14 days and 
estimate that the same dilator is used every 30 days as a conser-
vative approximation. In total, out of the patients readmitted 
within 90 days, four patients had undergone radiation within 
three months of the procedure, 11 patients had undergone 
both chemotherapy and radiation within three months of their 
procedure (25.0% of readmissions), and two patients had been 
taking an immunosuppressant agent, specifically mycophe-
nolate mofetil or etanercept, prior to the procedure (4.5% of 
readmissions). Of the patients who underwent any form of che-
motherapy, radiation, or immunosuppressive regimen, only two 
developed infections, both of which were respiratory in origin. 
Additionally, 7 patients (15.9%) had taken antibiotics within 3 
months prior to the procedure. Of note, the patient diagnosed 

Table 1. Characteristics and outcomes of patients who had readmission to a hospital within 90 days after esophageal dilation using wire-guid-
ed bougie dilation

Characteristic Value
Total participants with readmission after EGD within 90 days 44 (8.3% of total participants, n total = 528)
Female 27 (61.4)  
Male 17 (38.6)
Mean age (yr) 68.5
Average days to readmission (day) 34.5
Indication for esophagogastroduodenoscopy
 Benign esophageal stricture 33 (75.0)
 Malignant esophageal stricture 7 (15.9) 
 Cervical web/Schatzki ring 4 (9.1)
Factors affecting patients’ risk for post-dilation complication
 Antibiotics within 3 months prior to procedure 7 (15.9)
 Active infection at time of procedure 3 (6.8)
 Immunosuppressant agent use at time of procedure 2 (4.5)
 Undergoing radiation at time of procedure 4 (9.1) 
 Undergoing chemotherapy at time of procedure 0 (0)
 Undergoing chemotherapy & radiation at time of procedure 11 (25.0) 
Readmission for infectious diagnoses
 Total infectious readmissions 8 (18.2)
 Respiratory infection 7 (15.9)
 Gastrointestinal infection 1 (2.3)
Readmissions for non-infectious diagnoses
 Total non-infectious readmission 35 (79.5)
 Cardiac diagnosis 7 (15.9)
 Gastrointestinal diagnosis 15 (34.1)
 Metabolic abnormality 5 (11.4)
 Miscellaneous diagnosis 12 (27.3) 

Values are presented as number (%).
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with C. difficile was not taking antibiotics prior to the proce-
dure. Three patients had active infections at the time of their 
WBD dilations: one had a urinary tract infection, while two had 
chronic obstructive pulmonary disease exacerbations presumed 
to be due to respiratory tract infections. Patients with an infec-
tious complication were readmitted on average 35.7 days after 
their procedure. To our knowledge, this is the first retrospective 
case series to assess the incidence of infectious complications 
and readmission after undergoing WBD. The findings of this 
study demonstrate that the 90-day readmission rate for infec-
tious complications after WBD was low at approximately 8%. 
A small but finite risk of pulmonary and gastrointestinal infec-
tions was observed; however, based on analysis of the timeline 
of dilation among patients with consecutive infections, the 
likelihood of cross-contamination appears low. In previous en-
doscopy-associated transmission cases, transmission typically 
occurred within several weeks of contamination,1,2 and despite 
our 90-day window, the majority of cases occurred in the first 
30 days, consistent with prior studies.The Spaulding classifi-
cation system is utilized by the Centers for Disease Control 
and Prevention6 and the US Food and Drug Administration7 

to categorize medical devices according to their risk of infec-
tion. A semi-critical device is one that contacts intact mucous 
membranes, such as endoscopes and WBDs. Devices within 
this class should receive high-level disinfection, defined as the 
destruction of all vegetative microorganisms, mycobacteria, 
small nonlipid viruses, medium lipid viruses, fungal spores, and 
some, but not all, bacterial spores.8,9 Although there remains 
a lack of consensus on the clinical value of routine microbio-
logical monitoring of flexible endoscopes, there has been little 
discussion on the utility of monitoring the microbiological 
bioburden level on WBD. Current reprocessing guidance by 
the American Society of Gastrointestinal Endoscopy and the 
Association for the Advancement of Medical Instruments do 
not specifically address endoscopic dilators.9 However, the 
latter is anticipated to release a new informational, technical 
report, TIR99, specifically addressing the reprocessing of dila-
tors, ultrasound, and manometry probes.10 The limitations of 
this study include its retrospective study design, lack of residual 
bioburden culture data, and inability to provide further infor-
mation on dilator specifics (such as purchase date and number 
of uses). Given our inability to perform residual bioburden 
cultures, there is insufficient evidence to directly evaluate WBD 
transmission of infection. 

In conclusion, the risk of infection-associated readmission 

within 90 days after WBD was low. Moving forward, well-de-
signed studies measuring the incidence of pathogen-associated 
transmission during endoscopic procedures using WBD are 
needed to better understand the rate of infectious transmission 
and the efficacy of HLD in minimizing the residual bioburden 
on these instruments. 

Supplementary Material 

Supplementary Material 1. Bouige dilator and wire (non-dispos-
able) reprocessing guide: Massachusetts General Hospital White 
3 Endoscopy & Charles River gastrointestinal outpatient repro-
cessing rooms guidelines.

Supplementary material related to this article can be found on-
line at https://doi.org/10.5946/ce.2021.050. 
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Quiz 

A 59-year-old woman underwent surveillance colonoscopy 
for extensive ulcerative colitis (UC) diagnosed 20 years ago. 
She underwent colonoscopies annually for the last 5 years, but 
colorectal neoplasia was not observed. Colonoscopy revealed 
a broad spectrum of inflammatory lesions in whole segments, 
ranging from scar changes to active ulcerations. Additionally, a 
small subepithelial lesion was detected in the proximal rectum. 
The surface of this lesion showed mild erythematous changes 
(Fig. 1). On endoscopic ultrasonography (UM-3R; Olympus 
Medical, Tokyo, Japan), a 9.5×4.7 mm hypoechoic tumor was 
detected in the second and third layers of the rectal wall (Fig. 2). 
What is the most likely diagnosis? 

Answer 

A well-differentiated adenocarcinoma was suspected on the 
basis of the initial forceps biopsy specimen (Fig. 3A). Because 
the patient primarily preferred the endoscopic treatment, en-
doscopic submucosal dissection (ESD) was performed. Histo-
pathological examination of the ESD specimen revealed high-
grade dysplasia with clear resection margins (Fig. 3B). However, 

Fig. 1. Colonoscopy reveals an erythematous subepithelial lesion at 
the proximal rectum in the background of diffuse scar change.

Fig. 2. On endoscopic ultrasonography, the tumor presents as a hy-
poechoic lesion confined within the mucosa and submucosa (yellow 
arrows) and obliterates the muscularis mucosae.
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Fig. 3. Histopathology of the forceps biopsy and endoscopic submucosal dissection specimens. (A) The forceps biopsy specimen shows 
well-differentiated adenocarcinoma with multifocal irregular glands and desmoplastic stroma (hematoxylin & eosin stain, ×20). (B) The 
endoscopic submucosal dissection specimen shows poorly demarcated dysplasia (upper panel; hematoxylin & eosin staining, ×4). A higher 
magnification of the rectangle clearly shows high-grade dysplasia (lower panel; hematoxylin & eosin staining, ×20).
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AA BB

Fig. 4. Another synchronous subepithelial lesion was suspected near the endoscopic submucosal dissection site. (A) White light endoscopy 
image (green arrows). (B) Forceps biopsy specimen shows irregularly shaped glands with marked nuclear pleomorphism that represents 
well-differentiated adenocarcinoma (hematoxylin & eosin staining, ×20).

forceps biopsy specimens obtained from a suspected subepithe-
lial lesion near the post-ESD ulcer were identified as synchro-
nous well-differentiated adenocarcinoma (Fig. 4). Therefore, 
the patient underwent total proctocolectomy. Pathological ex-
amination of the colectomy specimen confirmed the presence 
of two foci of well-differentiated adenocarcinoma invading the 
deep submucosal layer (sm3 level) of the rectum without lymph 
node metastasis (Fig. 5). 

The risk of colorectal cancer (CRC) is increased in patients 

with long-standing UC,1 and surveillance colonoscopy for UC 
is imperative for the timely detection of precancerous dyspla-
sia and CRC at a curable stage. Recent surveillance guidelines 
recommend targeted biopsy for suspected dysplastic lesions 
instead of random biopsy in patients with UC.2 Panchromoen-
doscopy can enhance dysplasia detection in UC compared with 
white light endoscopy in the standard definition system, and 
may improve the dysplasia detection rate in the high-defini-
tion endoscopy system in patients with UC at a higher risk for 

696



Fig. 5. Pathologic features of the resected specimen. (A) Two poorly demarcated hyperemic lesions (circles) are noted in the rectum near the 
distal resection margin. (B) Tumor sections from the upper circle show well-differentiated adenocarcinoma invading the deep submucosa (sm3) 
with abundant lymphocytic infiltration (hematoxylin & eosin staining, ×10). (C) The second tumor in the lower circle shows more irregular 
gland shape and thinner neoplastic cells than the first tumor (hematoxylin & eosin staining, ×10). (D) High-grade dysplasia between the two 
tumors (hematoxylin & eosin staining, ×20).

CRC.2,3 Moreover, although time-consuming, it can visualize 
subtle mucosal abnormalities that are not discernible under 
white light endoscopy. However, in practice, the detection of 
UC-associated dysplasia or CRC is challenging. Neoplastic pit 
or narrow band imaging (NBI) patterns help in discriminating 
dysplasia or cancer in UC; nonetheless, their diagnostic perfor-
mance seems suboptimal compared with that of pit or NBI pat-
terns for colorectal neoplasia in non-colitic patients.4 Diffuse, 
chronically inflamed colonic mucosa can confuse endoscopists 
in discerning the true dysplasia from inflammatory sequelae. 
Moreover, unlike sporadic colorectal adenoma or cancer, dys-
plastic changes in colitis-associated lesions occasionally arise 
from the base of the crypt.5 Consequently, neoplastic pit or NBI 
patterns may not be obvious on the surface of colitis-associated 

dysplasia or cancer. Dysplasia and CRC in this case presented 
as subepithelial lesions on colonoscopy, although the lesions 
themselves arose from the glandular epithelium. Therefore, 
during surveillance colonoscopy of patients with UC, targeted 
biopsies should be performed not only from lesions suspicious 
of dysplasia or cancer but also from lesions that are inexplicably 
different from the surrounding mucosa.3 
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To the Editor 
Recently, narrow-band imaging (NBI) has gained Food and 

Drug Administration 510(k) clearance for assessing the neo-
plastic potential of colorectal polyps. Using the NBI Interna-
tional Colorectal Endoscopic (NICE) classification or the Japan 
NBI Expert Team (JNET) classification during colonoscopy, 
endoscopists can make high-confidence histological predictions 
for diminutive polyps ≤5 mm.1 The NICE classification eval-
uates the pit patterns and microvessels of polyp surfaces and 
classifies them into three types: type 1, 2, and 3 for hyperplastic 
polyps or sessile serrated lesions, adenomas, and deep submu-
cosal invasive cancers, respectively.2 According to the JNET 
classification, hyperplastic polyps or sessile serrated lesions, ad-
enomas or carcinomas with low-grade structural atypia, high-
grade intramucosal neoplasia or shallow submucosal invasive 
cancer, and deep submucosal invasive cancer are classified as 
types a, 2A, 2B, and 3, respectively.3,4 

Although these classifications increase the histological 
predictive value, concerns still exist regarding disagreements 
among observers because of their subjective nature, which 
requires training and abundant endoscopic experience. The 

need for a reliable and objective system has fueled the develop-
ment of software that automatically evaluates NBI colonoscopy 
images for histological prediction of polyps. Thus, comparing 
the efficacy of these newly developed technologies in NBI im-
plementation is essential as a decision-making support tool for 
routine clinical practice. 

Racz et al.5 compared the accuracy of a developed artificial 
intelligence-based polyp histology prediction (AIPHP) method 
to the NICE classification and pathologic results. The AIPHP 
software was created using a machine learning method and 
measured five geometrical and color features of the image at 
optical maximum magnification. A total of 373 polyps were 
analyzed using AIPHP and NICE classifications. AIPHP’s 
accuracy was significantly higher for non-diminutive polyps 
than for diminutive polyps (92.2% vs. 82.1%, p=0.0032). In ad-
dition, the accuracy of the NICE classification was superior for 
non-diminutive polyps compared to diminutive polyps (99.4% 
vs. 95.2%, p=0.014). AIPHP correctly predicted neoplastic and 
hyperplastic polyps in 92.2% and 77.6% of the cases, respective-
ly (p<0.0001). The accuracy of AIPHP tended to increase with 
increasing polyp size, whereas the NICE prediction was close to 
100% for polyps of all sizes. 

A similar study was reported by a Japanese research team that 
investigated the endoscopic microvascular density (eMVD) 
using magnifying NBI images via image-editing software, espe-
cially focusing on epithelial tumors.4 eMVD was significantly 
higher in early colorectal carcinoma or high-grade dysplasia 
than in adenoma (0.152±0.079 vs. 0.119±0.059, p<0.050), im-
plying continuous angiogenesis progression throughout the 
adenoma-carcinoma sequence. The best cutoff value for dis-

    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.

699Copyright © 2022 Korean Society of Gastrointestinal Endoscopy



tinguishing carcinoma/high-grade dysplasia from adenoma 
was 0.133 (area under the curve, 0.62; 95% confidence interval, 
0.54–0.71), with a 56.9% sensitivity, 67.0% specificity, and a 
62.7% accuracy. In addition, the tumor size was not associ-
ated with eMVD. Lastly, the eMVD in JNET type 2B tumors 
was significantly higher than that in JNET type 2A tumors 
(0.162±0.079 vs. 0.111±0.050, p<0.050), whereas no signifi-
cant differences in eMVD were found between any two NICE 
classification groups. The fact that NICE type 2 tumors might 
include both type 2A and 2B tumors in the JNET classification 
may explain this discrepancy. 

According to USA-based research, NBI-related “characterize, 
resect, and discard” strategy can reduce the cost by $107.21 per 
person, compared to the standard care in 50-year-old individu-
als undergoing screening colonoscopy for 10 years. If real-time 
histologic diagnostic accuracy is supported using computer-aid-
ed or artificial intelligence-based software systems, the cost-ef-
fectiveness of colonoscopy would significantly improve in the 
era of the increasing burden of colorectal cancer worldwide.6-9 
Although it is clear that this study is meaningful as a stepping 
stone for further technical development and implementation in 
clinical practice, I would like to ask several questions. First, the 
accuracy of the AIPHP was influenced by polyp size, whereas 
that of the eMVD was not. Thus, I wondered how the AIPHP 
could overcome this problem. Second, using the NICE or JNET 
classification, the sessile serrated polyps, which are considered 
as precursors of 15% to 30% of colorectal cancers, are difficult 
to distinguish from hyperplastic polyps.10,11 Thus, I would like 
to know whether the authors have data on this issue. If AIPHP 
can discriminate between serrated and hyperplastic polyps, it 
would be a significant differentiating advantage compared to 
other systems. 
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We would like to thank Dr. Chang for her thoughtful com-
mentary to our study on the artificial intelligence based col-
orectal polyp histology prediction using narrow-band image 
(NBI)-magnifying colonoscopy.1 In our study, we compared 
the accuracy of a developed artificial intelligence-based polyp 
histology prediction (AIPHP) method to the NBI International 
Colorectal Endoscopic (NICE) classification and pathologic re-
sults. We have tried to respond to the comments and questions 
by Dr. Chang in as much detail as possible. 

Dr. Chang draw attention to a similar study reported by a 
Japanese research team that investigated the endoscopic micro-
vascular density using magnifying NBI images via image-edit-
ing software, especially focusing on epithelial tumors.2 

In our study, the accuracy of the AIPHP was influenced by 
polyp size whereas that of the endoscopic microvascular den-
sity was not. One possible explanation of this difference is that 
unlike the Japanese study in which they investigated exclusively 
adenomatous polyps or carcinomas, we recruited hyperplastic 
and diminutive adenomatous polyps as well. The other differ-
ence is that the mean polyp size was 28±17 mm in the Japa-
nese study whereas the mean size of the hyperplastic polyps  
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(3.9±1.8 mm) and the mean size of the neoplastic polyps 
(11.2±12.9 mm) in our study was much smaller. Another possi-
ble reason is why our AIPHP accuracy results, especially in the 
diminutive polyp subgroup, were worse than in the bigger sub-
groups is that the diminutive polyps are mostly hyperplastic and 
covered with mucous surfaces. The adherent mucous disturbs 
ability to analyze the vascular pattern by AIPHP procedure. The 
mucous cover and the whitish shape is one reason why we got 
less precise histologically predictive results by AIPHP program. 
To overcome to this problem, we plan to add the mucous sur-
face as a new feature for the next-generation AIPHP programs. 

We respond two points with regard to the issue raised by Dr. 
Chang that both hyperplastic and sessile serrated lesions (SSLs) 
correspond to NICE I, therefore it is almost impossible to dis-
tinguish the two by NICE classification, which we used instead 
of the Japan NBI Expert Team classification.3 First, in our study, 
the accuracy of the NICE evaluation was high, which was partly 
due to the small number (n=3) of SSLs. Second, whether our 
new-generation AIPHP could discriminate between SSLs and 
hyperplastic polyps will be validated via further prospective in-
vestigations involving a larger group of SSLs. 
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protect anonymity, authors should ensure that such alterations 

do not distort scientific meaning. If consent has not been ob-

tained, it is generally insufficient to anonymize a photograph sim-

ply by using eye bars or blurring the face of the individual con-

cerned. If the experiments involve animals, the research should 

be based on national or institutional guidelines for animal care 

and use. A statement describing whether the study was conduct-

ed with the approval of the IRB (with or without patient informed 

consent) or animal care committee must be provided in manu-

scripts describing human or animal research, respectively. CE may 

also request documentation of approval by the IRB or the Animal 

Care Committee for other types of articles when necessary. The 

content of each article is the responsibility of the authors and not 

of CE.

Originality and duplicate publication

Manuscripts that are under review or published by other journals 

will not be accepted for publication in CE. Any part of the accept-

ed manuscript should not be duplicated in any other scientific 

journal without permission from the Editorial Board, although the 

figures and tables can be used freely if the original source is veri-

fied according to the Creative Commons Attribution Noncom-

mercial License (https://creativecommons.org/licenses/by-

nc/4.0/). It is mandatory for all authors to resolve any copyright is-

sues when citing a figure or table from another journal that is not 

open access.

Secondary publication

It is possible to republish the manuscript if it satisfies the condi-

tion of secondary publication of the recommendations from the 

ICMJE (http://www.icmje.org/recommendations/browse/publish-

ing-and-editorial-issues/overlapping-publications.html).

Authorship

All authors must have made a significant intellectual contribution 

to the manuscript according to the criteria formulated by the In-

ternational Committee of Medical Journal Editors (ICMJE). Each 

author should have sufficiently participated in the work to take 

public responsibility for the content. Authorship credit should be 

based on (1) substantial contributions to conception and design, 

acquisition of data, or analysis and interpretation of data; (2) draft-

ing the article or revising it critically for important intellectual 

content; (3) final approval of the version to be published; and (4) 

agreement to be accountable for all aspects of the work in ensur-

ing that questions related to the accuracy or integrity of any part 

of the work are appropriately investigated and resolved. All au-

thors should meet criteria 1, 2, 3, and 4. All authors must state that 

they have approved the final submitted draft.

•  Author contributions: Author contributions should be written 

according to "Contributor Roles in CRediT" format (https://casrai.

org/credit/).

•  Contributors: Any researcher who does not meet all four ICMJE 

criteria for authorship discussed above but contributes substan-

tively to the study in terms of idea development, manuscript 

writing, conducting research, data analysis, and financial support 

should have their contributions listed in the Acknowledgments 

section of the article.

•  Correction of authorship: Any changes to the author list after 

submission, such as a change in the order of the authors or the 

deletion or addition of authors, should only be made before the 

manuscript has been accepted and must be approved by the 

Editor. To request such a change, the Editor must receive the fol-

lowing from the corresponding author: (a) an explanation for the 

change to the author list and (b) written confirmation (e-mail, 

letter) from all authors that they agree with the addition, remov-

al, or rearrangement. In the case of addition or removal of au-

thors, this includes confirmation from the author being added or 

removed.

•  Role of the corresponding author: The corresponding author 

takes primary responsibility for communication with the journal 

during the manuscript submission, peer review, and publication 

process, and typically ensures that all the journal’s administrative 

requirements are met, such as providing details of authorship, 

ethics committee approval, clinical trial registration documenta-

tion, and gathering conflict of interest forms and statements. 

The corresponding author should be available throughout the 

submission and peer-review process to respond to editorial que-

ries in a timely manner, and after publication, should be avail-

able to respond to critiques of the work and cooperate with any 

requests from the journal for data, additional information, or 

questions about the article.

Registration of clinical trial research

Any research involving a clinical trial should be registered with a 

primary national clinical trial registration site such as CRIS 

(https://cris.nih.go.kr/cris/index/index.do) or other primary na-

tional registry sites accredited by the World Health Organization 

(https://www.who.int/clinical-trials-registry-platform) or clinical-

trials.gov (http://clinicaltrials.gov/), a service of the United States 
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National Institutes of Health.

Conflicts of interest

A conflict of interest exists when an author (or the author’s institu-

tion), reviewer, or editor has financial or personal relationships 

that inappropriately influence (bias) their actions (such relation-

ships are also known as dual commitments, competing interests, 

or competing loyalties). The impact of these relationships can 

vary from being negligible to having a great potential for influ-

encing reporting or judgment. Not all relationships represent true 

conflicts of interest. Nevertheless, the potential for a conflict of in-

terest can exist regardless of whether an individual believes that 

the relationship affects their scientific judgment. Financial rela-

tionships (such as employment, consultancies, stock ownership, 

honoraria, and paid expert testimony) are the most easily identifi-

able conflicts of interest and are the most likely to undermine the 

credibility of the journal, authors, and science itself. However, 

conflicts can occur for other reasons, such as personal relation-

ships, academic competition, and intellectual passion (http://

www.icmje.org/conflicts-of-interest/). Authors must disclose any 

potential conflicts of interest in the manuscript. Conflicts of inter-

est may occur during the research process; however, disclosure it-

self is an important point that can negate the conflict. Disclosure 

allows the editors, reviewers, and readers to approach the manu-

script with an understanding of the situation in which the re-

search work was performed.

Management of research and publication misconduct

When the journal faces suspected cases of research or publication 

misconduct, such as redundant (duplicate) publication, plagia-

rism, the use of fraudulent or fabricated data, changes in author-

ship, undisclosed conflicts of interest, ethical problems with a 

submitted manuscript, a reviewer who has appropriated an au-

thor’s idea or data, or complaints against editors, a resolution pro-

cess will be undertaken. The resolution process will follow the 

flowchart provided by the Committee on Publication Ethics 

(COPE) (http://publicationethics.org/resources/flowcharts). Dis-

cussions and decisions regarding suspected cases of research or 

publication misconduct will be conducted by the Editorial Board.

Editorial responsibilities

The Editorial Board will continuously work to monitor and safe-

guard publication ethics through guidelines for retracting articles; 

the maintenance of the integrity of the academic record; ensuring 

that business needs do not compromise intellectual or ethical 

standards; publishing corrections, clarifications, retractions, and 

apologies when needed; and ensuring that there is no plagiarism 

or fraudulent data in publications. Editors have the following re-

sponsibilities: the responsibility and authority to reject/accept ar-

ticles, to ensure the absence of conflicts of interest with respect to 

articles they reject/accept, the acceptance of a paper when rea-

sonably certain, the publication of corrections or retractions when 

errors are found, and the preservation of the anonymity of re-

viewers.

2. Editorial policy

Copyright

The copyright of any paper published in this journal belongs to 

the Korean Society of Gastrointestinal Endoscopy. However, the 

legal responsibility remains with the authors. Public announce-

ments of the content before publication are allowed only if re-

quired as a result of a public health emergency. All authors must 

sign the Transfer of Copyright Agreement when they submit their 

manuscript. The paper will not be published until the copyright 

transfer is complete.

Open access policy

CE is an open-access journal distributed under the terms of the 

Creative Commons Attribution Noncommercial License (https://

creativecommons.org/licenses/by-nc/4.0/), which permits unre-

stricted noncommercial use, distribution, and reproduction in any 

medium, provided that the original work is properly cited. It is not 

necessary to request permission from the publisher to use the ta-

bles or figures of articles published in CE in other journals or 

books for scholarly and educational purposes.

Data sharing

CE encourages data sharing wherever possible unless ethical, pri-

vacy, or confidentiality concerns prevent this. Authors may depos-

it their data in a publicly accessible repository and include a link 

to the DOI within the text of the manuscript.

•  Clinical trials: CE accepts the ICMJE recommendations for data 

sharing statement policy (http://www.icmje.org/recommenda-

tions/browse/publishing-and-editorial-issues/clinical-trial-regis-

tration.html). Authors may refer to the editorial, “Data Sharing 

Statements for Clinical Trials: A Requirement of the International 

Committee of Medical Journal Editors,” in Journal of Korean Med-

ical Science (https://doi.org/10.3346/jkms.2017.32.7.1051).
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Archiving policy

CE provides electronic backup and preservation of access to the 

journal content from the 44th volume, 2011, in the event the jour-

nal is no longer archived in PubMed Central (https://www.ncbi.

nlm.nih.gov/pmc/journals/1800/) or the National Library of Korea 

(https://www.nl.go.kr/). Authors can archive the publisher’s ver-

sion/PDF of a previously published article.

Preprint policy

A preprint is a version of a scholarly paper preceding formal peer 

review and publication in a peer-reviewed scholarly journal. CE al-

lows authors to submit preprints to the journal, without consider-

ing this to be a duplicate submission or publication. CE recom-

mends that authors disclose the existence of a preprint with its 

DOI in a letter to the editor during the submission process. Other-

wise, a plagiarism check program—Similarity Check (Crosscheck) 

—may flag the manuscript as containing excessive duplications.  

A preprint submission will be processed using the same peer-re-

view process as a regular submission. If a preprint is accepted for 

publication, the authors should update the information on the 

preprint site with a link to the article published in CE, including 

the DOI for the CE article. It is strongly recommended that authors 

cite the article in CE instead of the preprint in their next submis-

sion to journals.

3. Manuscript submission and peer review

Manuscript submission

Any physician or researcher involved in clinical or basic research 

on gastrointestinal endoscopy can submit a manuscript for publi-

cation in CE. Please visit the manuscript management system 

(https://submit.e-ce.org/), as only online submissions will be con-

sidered for publication. Please consult the submission checklist 

(https://submit.e-ce.org/about/Checklist.php) prior to submission 

to ensure that all required elements have been included. The 

Copyright Transfer Agreement (https://submit.e-ce.org/about/

Author.php) should be signed by all authors and submitted to the 

editorial office by fax or regular mail upon acceptance of the 

manuscript. The corresponding author should submit the manu-

script.

Peer review

Every submitted manuscript will be peer-reviewed by at least two 

reviewers before a decision is made to accept, reject, or return it 

for revision. The review system is single-blinded, so the authors 

cannot identify the reviewers. The review process is conducted 

using a manuscript management system. If the authors are asked 

to revise the manuscript, they should revise it based on the re-

viewers’ comments or provide a reasonable answer to the review-

ers’ comments, justifying why a suggested revision has not been 

made. The authors should reply and upload the revised manu-

script within eight weeks after receiving the review results. Other-

wise, the manuscript is considered to have been withdrawn. 

However, the authors can extend the revision period if more time 

is required.

Submission from editorial board members

All manuscripts from editors, employees, or members of the edi-

torial board are processed in the same way as other unsolicited 

manuscripts. During the review process, editors, employees, or 

members of the editorial board will not engage in the selection of 

reviewers or the decision-making process for manuscripts on 

which they are authors. Editors will not handle their own manu-

scripts even if they are commissioned articles.

4. Publication types

Original articles

These describe new findings from clinical studies or basic re-

search that may contribute to clinical diagnosis and treatment, or 

an understanding of pathogenesis or epidemiology.

Review articles

A concise compilation of the knowledge and skills in a specific 

area to provide hints for patient management or outline recent 

research activity. A review article is usually invited by the editorial 

board.

Systematic review and meta-analysis

These answer well-defined research questions by appraising the 

current literature. These should follow the PRISMA guidelines 

(Preferred Reporting Items for Systematic Reviews and Me-

ta-Analyses). In addition, CE recommends registration of the 

protocol of the systematic review and meta-analysis in the 

PROSPERO database (International Prospective Register of Sys-

tematic Reviews).

Editorials

Editorials express opinions on current topics of interest or provide 

comments on papers published elsewhere in the same issue. Edi-
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torials are usually solicited by the editor.

Case reports

A report on a single case or an analysis of a few cases to add to 

the clinical spectrum. The case should be clinically significant, 

new, and rare.

Brief reports

Reserved for the rapid and concise circulation of simple, but 

meaningful, data, remarkable preliminary findings before publi-

cation of a full report, or a follow-up study.

Letters to the editor

Any comments or opinions on published papers or suggestions 

for the journal are welcomed.

5. Manuscript preparation
The manuscript should be prepared using Microsoft Word. It 

should be formatted with double line spacing and 10-point font 

on A4-sized paper. The pages should be numbered consecutively, 

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 

(SI). All units must be preceded by a single space, except for the 

percentage (%) and temperature (°C).

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-

tatement).

The checklist for the appropriate guidelines must be filled out and 

attached to the submission. Checklists are available as links in the 

Attach Files section of the submission process.

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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Title page

The title page should contain the title of the paper, full names of 

the authors (including ORCID iD), institutional affiliation, corre-

sponding author’s name and contact information, and notes. A 

running title of no more than 50 characters should be included. 

The notes must include ethical statements, conflicts of interest, 

funding, author contributions, and acknowledgments.

Ethical statements: When reporting experiments including hu-

man or animal subjects, the authors should indicate whether they 

have received approval from the IRB for the study and consent 

from the included patients.

Conflicts of interest: The authors must declare any potential con-

flicts of interest. If a supplier of medicine or medical equipment is 

involved, the authors should clarify any commercial relationship 

with the manufacturer or research funds received from the manu-

facturer. Conflicts of interest exist when an author (or the author’s 

institution), reviewer, or editor has financial or personal relation-

ships that may inappropriately influence (bias) his or her actions 

(such relationships are also known as dual commitments, com-

peting interests, or competing loyalties). If the authors have noth-

ing to disclose, please state: “The authors have no potential con-

flicts of interest.”

Funding: Any funding provided to support the research should 

be described here. Providing a FundRef ID is recommended, in 

addition to the name of the funding agency, country, and, if avail-

able, the grant number. If the funding agency does not have a 

FundRef ID, please ask that agency to contact the FundRef regis-

try (e-mail: fundref.registry@crossref.org). Additional detailed pol-

icy of FundRef description is available from https://www.crossref.

org/fundref/.

Author contributions: Author contributions should be written in 

the following format (according to the CRediT – Contributor Roles 

Taxonomy) as described at https://credit.niso.org/. (1) Conceptu-

alization, (2) Data curation, (3) Formal analysis, (4) Funding acqui-

sition, (5) Investigation, (6) Methodology, (7) Project administra-

tion, (8) Resources, (9) Software, (10) Supervision, (11) Validation, 

(12) Visualization, (13) Writing-original draft, and (14) Writing-re-

view & editing. One author can have more than one contributor 

role, and individual contributor roles may not have an author allo-

cated.

Acknowledgments: A brief acknowledgment of persons who 

made a genuine contribution may be included. The authors are 

responsible for obtaining written permission to use copyrighted 

text or illustrations.

If any of the sections are not relevant to the manuscript, please in-

clude the heading and write “None” for that section.

Abstract

The abstract for an original article or systematic review and me-

ta-analysis should be described continuously under the subhead-

ings Background/Aims, Methods, Results, and Conclusions, and is 

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-

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.
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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

1.  Graham KS, Ingram JD, Steinberg SE, Narkewicz MR. ERCP in the 

management of pediatric pancreatitis. Gastrointest Endosc 

1998;47:492–495.

2.  Purcell R. The hepatitis C virus: overview. Hepatology 1997;26(3 

Suppl 1):S11–S14.

Books

3.  Classen M, Tytgat G, Lightdale C. Gastroenterological endosco-

py. 2nd ed. New York (NY): Thieme; 2010.

4.  Korelitz BI, Felder JB. Gastrointestinal complications of ulcer-

ative colitis and Crohn’s disease. In: Kirsner JB, Shorter RG, eds. 

Inflammatory bowel disease. 4th ed. Baltimore: Williams & 

Wilkins; 1995. p. 437–460.

Websites

5.  2020 Guidance on Decontamination of Equipment for Gastro-

intestinal Endoscopy [Internet]. London: The British Society of 

Gastroenterology; c2020 [cited 2021 May 31]. Available from: 

https://www.bsg.org.uk/clinical-resource/guidance-on-decon-

tamination-of-equipment-for-gastrointestinal-endoscopy/.

Otherwise, the references follow the bibliographic standard de-

tailed in Citing Medicine, 2nd ed, published by the National Li-

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 

it with a), b), c)… as a superscript, in order, and place the explana-

tory matter in the footnote below. Photographic images should 

be submitted in jpg, tiff, gif, png, or ppt format with a resolution 

of at least 600 dpi. The name of the stain and magnification 

should be included for microscopic figures.

Video or animation

Submission of videos or animations is encouraged. If the content 

of a video or animation differs, a maximum of three files can be 

submitted. Each file should not exceed 5 minutes in length and 

30 megabytes in size. The total length of all files should not ex-

ceed 7 minutes in length and 90 megabytes in size. The file format 

should be avi, asf, or wmv.
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6. Manuscripts accepted for publication

Final version

After a paper has been accepted for publication, the author(s) 

should submit the final version of the manuscript. The names and 

affiliations of authors should be double-checked, and if the origi-

nally submitted image files were of poor resolution, higher reso-

lution image files should be submitted at this time. TIFF and PDF 

formats are preferred for the submission of digital files of photo-

graphic images. Symbols (e.g., circles, triangles, squares), letters 
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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.

Reference  
1.  Tebbey PW, Varga A, Naill M, et al. Consistency of quality attributes for the glycosylated monoclonal antibody Humira® (adalimumab). MAbs. 2015;7(5):805-811. doi:10.1080/19420862.2015.1073429 2. HUMIRA® 제품설명서(개정연월일: 2020년 6월 15일)
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Allow you the flexibility to reposition or rotate  
as much as is required to deliver better outcomes.

PENTAX Medical Hemo Clip
Performance Clip with Confidence
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LASTING REMISSION
ISN'T EVERYTHING.
IT'S THE ONLY THING.

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). 
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환자가 편한 

OOralral  SSulfateulfateTTabletablet

1)

오라팡정 은 65세 이상 고령 환자에서도 
임상으로 입증되었습니다.2)



보건의료전문가용

파리에트®는 다양한 용량으로 위·십이지장 궤양 치료 및 저용량 아스피린 
투여에 의한 재발성 위십이지장궤양 예방 등에 사용 가능합니다.1,2

[효능·효과] 파리에트Ⓡ 10 mg, 20 mg : 위·십이지장궤양, 미란성/궤양성 위식도역류질환, 위식도역류질환의 증상 완화 및 장기간 유지요법, 헬리코박터필로리 제균, 졸링거 엘리슨 증후군.  

파리에트Ⓡ 5 mg : 위·십이지장궤양 과거력이 있는 환자에서 1일 100 mg 이하의 저용량 아스피린 투여에 의한 위·십이지장궤양 예방.

PPI, proton pump inhibitor

References 1. 파리에트Ⓡ정 10 mg, 20 mg 제품설명서(개정년월일 : 2019-01-08). 2. 파리에트Ⓡ정 5 mg 제품설명서(개정년월일 : 2019-02-27). 3. Warrington S, et al. Aliment Pharmacol Ther. 2002;16(7):1301-7. 4. Shimatani T, et al. Aliment Pharmacol Ther. 2004;19(1):113-22.

위식도역류질환에 빠르고 
                          지속적인 효과 3,4 
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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.

액시드캡슐150밀리그람(니자티딘 150mg)



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





Ⓡ 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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