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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 
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

NEX2201Z1-2301
KR-10330

보건의료전문가용

지난 10년간 

전 세계 누적 처방량 No.1 PPI 
Nexium® 입니다. 1



Contents
Volume 56 Number 1, January 30, 2023

Print ISSN 2234-2400 / Online ISSN 2234-2443

 Reviews

Simulator-based training method in gastrointestinal endoscopy training and currently available simulators 1

Yuri Kim, Jeong Hoon Lee, Gin Hyug Lee, Ga Hee Kim, Gunn Huh, Seung Wook Hong, Hwoon-Yong Jung

Role of artificial intelligence in diagnosing Barrett’s esophagus-related neoplasia 14

Michael Meinikheim, Helmut Messmann, Alanna Ebigbo

Submucosal endoscopy: the present and future  23

Zaheer Nabi, Duvvur Nageshwar Reddy

 Systematic Review and Meta-Analysis

Hybrid argon plasma coagulation in Barrett’s esophagus: a systematic review and meta-analysis  38

Sagar N. Shah, Nabil El Hage Chehade, Amirali Tavangar, Alyssa Choi, Marc Monachese, Kenneth J. Chang, Jason B. Samarasena

 Editorials

Role of endoscopic ultrasound in the secondary prevention of gastric varices  50

Joung-Ho Han

Application of double-balloon enteroscopy for small bowel tumors  53

Su Bum Park

 Original Articles

Endoscopic submucosal dissection for superficial esophageal squamous cell carcinoma: long-term follow-up  55 
in a Western center
Andreas Probst, Alanna Ebigbo, Stefan Eser, Carola Fleischmann, Tina Schaller, Bruno Märkl, Stefan Schiele, Bernd Geissler,  
Gernot Müller, Helmut Messmann

Endoscopic ultrasound-guided coiling and glue is safe and superior to endoscopic glue injection in gastric varices   65 
with severe liver disease: a retrospective case control study 
Kapil D. Jamwal, Rajesh K. Padhan, Atul Sharma, Manoj K. Sharma

Non-atrophic gastric mucosa is an independently associated factor for superficial non-ampullary duodenal   75 
epithelial tumors: a multicenter, matched, case-control study
Azusa Kawasaki, Kunihiro Tsuji, Noriya Uedo, Takashi Kanesaka, Hideaki Miyamoto, Ryosuke Gushima, Yosuke Minoda,  
Eikichi Ihara, Ryosuke Amano, Kenshi Yao, Yoshihide Naito, Hiroyuki Aoyagi, Takehiro Iwasaki, Kunihisa Uchita,  
Hisatomi Arima, Hisashi Doyama

Endoscopic and histological characteristics of small bowel tumors diagnosed by double-balloon enteroscopy  83

Suleyman Dolu, Soner Onem, Zarni Htway, Farid Hajıyev, Ali Bilgen, Hatice Cilem Binicier, Ecem Kalemoglu, Ozgul Sagol,  
Mesut Akarsu

Endoscopic removal of common bile duct stones in nonagenarians: a tertiary center experience  92

Mustafa Jalal, Amaan Khan, Sijjad Ijaz, Mohammed Gariballa, Yasser El-Sherif, Amer Al-Joudeh

Copyright © 2023 Korean Society of Gastrointestinal Endoscopy



Role of interventional endoscopic ultrasound in a developing country  100

Hasan Maulahela, Nagita Gianty Annisa, Achmad Fauzi, Kaka Renaldi, Murdani Abdullah, Marcellus Simadibrata,  
Dadang Makmun, Ari Fahrial Syam

A multicenter comparative study of endoscopic ultrasound-guided fine-needle biopsy using a Franseen needle  107 
versus conventional endoscopic ultrasound-guided fine-needle aspiration to evaluate microsatellite instability in  
patients with unresectable pancreatic cancer
Tadayuki Takagi, Mitsuru Sugimoto, Hidemichi Imamura, Yosuke Takahata, Yuki Nakajima, Rei Suzuki, Naoki Konno,  
Hiroyuki Asama, Yuki Sato, Hiroki Irie, Jun Nakamura, Mika Takasumi, Minami Hashimoto, Tsunetaka Kato, Ryoichiro Kobashi,  
Yuko Hashimoto, Goro Shibukawa, Shigeru Marubashi, Takuto Hikichi, Hiromasa Ohira

 Case Reports

Gastric wall abscess after endoscopic submucosal dissection 114

Seung Jung Yu, Sang Heon Lee, Jun Sik Yoon, Hong Sub Lee, Sam Ryong Jee

A large and pedunculated inflammatory pseudotumor with pseudosarcomatous change of the cecum mimicking  119 
a malignant polyp: a case report and literature review
Jong Suk Oh, Hyung Wook Kim, Su Bum Park, Dae Hwan Kang, Cheol Woong Choi, Su Jin Kim, Hyeong Seok Nam, Dae Gon Ryu

 Brief Reports

Chronic Ménétrier disease leading to gastric cancer in youth 125

Bruno Salomão Hirsch, Silvia R. Cardoso, Elisa R. Baba, Diogo T. H. de Moura, Manoel Ernesto P. Gonçalves,  
Rodrigo S. de P. Rocha, Eduardo G. H. de Moura

Trans-cavity lumen-apposing metal stent removal: an alternative safe modality  129

Giacomo Emanuele Maria Rizzo, Ilaria Tarantino

 Boost Your Learning with Quiz

A rapidly growing round mass in the gallbladder  132 
Hong Ja Kim, Tae Hoon Lee

COVER STORY
Per-rectal endoscopic myotomy in a patient with Hirschsprung’s disease. (I) 
Submucosal lifting injection. (II) Transverse mucosal incision 1 to 2 cm above the 
anal verge. (III) Submucosal tunneling with arrows indicating the muscle layer. (IV) 
Completion of submucosal tunneling. (V) Full-thickness myotomy. (VI) Closure of the 
mucosal incision using endoclips (See on page 23−37).

January 2023
Vol. 56 

No. 1
pages 1~134

January 2023

Volume 56

Number 1

Per-rectal endoscopic myotomy

Advancing Visualization

Advancing Control

Advancing Work�ow

Advancing 
the Art of Endoscopy

Advancing Visualization

Advancing Control

Advancing Work�ow

Advancing 
the Art of Endoscopy

Advancing Visualization

Advancing Control

Advancing Work�ow

Advancing 
the Art of Endoscopy



Volume 56 Number 1 
January 30, 2023 

Clinical Endoscopy (CE) is a joint official journal of the Korean Society of Gastrointestinal Endoscopy (KSGE), International 
Digestive Endoscopy Network (IDEN), Vietnam Association of Gastroenterology (VNAGE)/Vietnam Federation for Digestive 
Endoscopy (VFDE), and Thai Association for Gastrointestinal Endoscopy (TAGE). The KSGE was established on August 14, 1976. 
KSGE published the “Korean Journal of Gastrointestinal Endoscopy” in Korean from November 1981 to July 2011 issue. Then 
the journal was published in English from the September 2011 issue under the official title of CE. The IDEN is an international 
organization established in 2019 to promote and share the development of advanced digestive endoscopy research. VNAGE/VFDE 
and TAGE officially designated CE as an official journal of the societies from March 2021. CE publishes peer-reviewed articles and 
features original articles, state-of-the-art review articles, instructive case reports, brief communications, and letters to the editor 
on all subjects in the field of experimental, diagnostic, and therapeutic gastrointestinal endoscopy. It was indexed in KoreaMed on 
September 22, 2011; PubMed Central (PMC)/PubMed on June 28, 2012; Scopus on November 11, 2013; EBSCO on June 29, 2015; 
Emerging Sources Citation Index (ESCI) on June 6, 2016; DOAJ on April 28, 2018; and Embase on January 1, 2019. 

Aims and Scope
CE is an open-access and peer-reviewed journal that and it aims to help researchers, technicians, and practicing physicians 
stay updated on global advances in experimental, diagnostic, and therapeutic endoscopic techniques used in treating 
gastrointestinal and pancreaticobiliary tract disorders. CE publishes well-structure original articles, state-of-the-art review 
articles, instructive case reports, brief reports, and letters to the editor on all subjects in the field of experimental, diagnostic, 
and therapeutic endoscopy as well as newer technologies. In addition, editorials explore challenging issues and encourage 
debate among physicians dealing with peptic ulcer disease, inflammatory bowel disease, pancreaticobiliary disease, and 
gastrointestinal cancer. CE also publishes special issues that feature articles focusing on current practices and the latest advances 
in equipment and techniques used for the endoscopic management of obesity, and disorders of the gastrointestinal and 
pancreaticobiliary tract for clinicians who are concerned about the clinical manifestations of these disorders. The journal will 
try to seek out and publish outstanding original articles and reviews as well as articles describing new emerging techniques  
and practice guidelines.

Editorial Policy
CE is published bimonthly (on the 30th of January, March, May, July, September, and November) in English. The journal follows 
the ICMJE Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work in Medical Journals, 
available at https://www.icmje.org/.

Open Access
CE is an open access journal. All contents of the journal are available immediately upon publication without embargo period 
(https://e-ce.org). All articles are 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.

Publisher  Korean Society of Gastrointestinal Endoscopy

Editor-in-Chief Vanessa M. Shami, MD

Published by Korean Society of Gastrointestinal Endoscopy 
  #817, 156 Yanghwa-ro, Mapo-gu, Seoul 04050, Korea 
  Tel: +82-2-326-1552, Fax: +82-2-335-2690, E-mail: CE@gie.or.kr 
  Homepage: https://www.e-ce.org

Printed by  Printed by M2PI 
  8th FL, DreamTower, 66 Seongsui-ro, Seongdong-gu, Seoul 04784, Korea  
  Tel: +82-2-6966-4930, Fax: +82-2-6966-4945, E-mail: support@m2-pi.com

 
© 2023 Korean Society of Gastrointestinal Endoscopy
    This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 
This journal is printed on acid free paper.

Print ISSN 2234-2400
Online ISSN 2234-2443

https://www.icmje.org
https://e-ce.org
http://creativecommons.org/licenses/by-nc/4.0/
https://www.e-ce.org


Editor-in-Chief
Vanessa M. Shami (University of Virginia, Charlottesville, VA, USA)

Deputy Editor
Gwang Ha Kim (Pusan Nat'l Univ., Busan, Korea)

Associate Editor
Seiichiro Abe (National Cancer Center Hospital, Tokyo, Japan)

Raf Bisschops (University Hospitals Leuven, Leuven, Belgium)

Joo Young Cho (CHA Univ., Seoul, Korea)

Myung-Gyu Choi (Catholic Univ. of Korea, Seoul, Korea)

Hoon Jai Chun (Korea Univ., Seoul, Korea)

Yong-Tae Kim (Seoul Nat'l Univ., Seoul, Korea)

Oh Young Lee (Hanyang Univ., Seoul, Korea)

Jonathan WJ Lee (National Univ. of Singapore, Singapore)

Diogo Turiani Hourneaux De Moura (Hospital das Clínicas da Faculdade de Medicina 

da Universidade de São Paulo, São Paulo, Brazil)

Naoki Muguruma (Tokushima Univ., Tokushima, Japan)

Duc Trong Quach (Univ. of Medicine and Pharmacy at Hochiminh City, Hochiminh, Vietnam)

Rungsun Rerknimitr (Chulalongkorn Univ., Bangkok, Thailand)

Rajvinder Singh (Lyell McEwin Hospital, Univ. of Adelaide, Adelaide, Australia)

Mamoru Takenaka (Kindai Univ., Osaka, Japan)

Christopher C. Thompson (Harvard Medical School, Boston, MA, USA)

Section Editor
Tae Hoon Lee (Soonchunhyang Univ., Cheonan, Korea)

Hee Seok Moon (Chungnam Nat’l Univ., Daejeon, Korea)

Dong-Hoon Yang (Univ. of Ulsan, Seoul, Korea)

CE Quiz Editor
Jimin Han (Daegu Catholic Univ., Daegu, Korea)

Ethics Editor
Dong Il Park (Sungkyunkwan Univ., Seoul, Korea)

Editor for Medical Statistics
Im Hee Shin (Daegu Catholic Univ., Daegu, Korea)

Editor for Pathology
Do Youn Park (St. Mary Pathology Laboratory, Busan, Korea)

Editorial Board
Luiz Ronaldo Alberti (Federal Univ. of Minas Gerais, Belo Horizonte, Brazil)

Kanat Batyrbekov (National Research Oncology Center, Kazakhstan)

Michael J. Bourke (Univ. of Sydney Westmead Clinical School, NSW, Australia)

William R. Brugge (Mount Auburn Hospital and Harvard Medical School, Cambridge, MA, 

USA)

Amna Subhan Butt (Aga Khan University, Karachi, Pakistan)

Evelien Dekker (Amsterdam Univ. Medical Centers, Amsterdam, Netherlands)

Luca Elli (Fondazione IRCCS Cà Granda Ospedale Maggiore Policlinico, Milano, Italy)

Yusuf Erzin (Istanbul Univ., Istanbul, Turkey)

Evgeny Dmitrievich Fedorov (Pirogov Russian Nat'l Research Medical Univ., Moscow, 

Russia)

Ida Hilmi (Univ. of Malaya Medical Centre, Kuala Lumpur, Malaysia)

Khek Yu Ho (National Univ. of Singapore, Singapore)

Yoshinori Igarashi (Toho Univ., Tokyo, Japan)

Hyun Yong Jeong (Chungnam Nat'l Univ., Daejeon, Korea)

Editorial Committee
Michio Kaminishi (Showa General Hospital, Tokyo, Japan)

Taylan Kav (Hacettepe Univ., Ankara, Turkey)

Oyuntsetseg Khasag (Mongolian Nat'l Univ. of Medical Sciences, Ulaanbaatar, Mongolia)

Mouen A Khashab (Johns Hopkins Hospital, Baltimore, MD, USA)

Seigo Kitano (Oita Univ., Yufu, Japan)

Kenneth L. Koch (Wake Forest Univ., Winston-Salem, NC, USA)

Moon Sung Lee (Soonchunhyang Univ., Bucheon, Korea)

Yeoun Joo Lee (Pusan Nat'l Univ., Children's Hospital, Busan, Korea)

Tin Tin May (Univ. of Medicine 1 Yangon, Yangon, Myanmar)

Serkan Öcal (Univ. Health Sciences Antalya Training and Research Hospital, Antalya, Turkey)

Haruhiko Ogata (Keio Univ. Hospital, Tokyo, Japan)

Chan Guk Park (Chosun Univ., Gwangju, Korea)

Joong-Min Park (Chung-Ang Univ., Seoul, Korea)

Rajesh Puri (Medanta the Medicity Gurugram, Haryana, India)

Md Mizanur Rahman (National Institute of Cancer Research and Hospital, Dhaka, 

Bangladesh)

Zhi Hua Ran (Shanghai Jiao Tong Univ., Shanghai, China)

Gerhard Rogler (Univ. Hospital of Zürich, Zürich, Switzerland)

Lawrence J. Saubermann (Univ. of Rochester Medical Center, Rochester, NY, USA)

Geun Am Song (Pusan Nat'l Univ., Busan, Korea)

Stepan Suchanek (Charles Univ., Praha, Czech)

Ari Fahrial Syam (Univ. of Indonesia, Jakarta, Indonesia)

Anilton C. Vasconcelos (Federal Univ. of Minas Gerais, Belo Horizonte, Brazil)

Ming-Shiang Wu (National Taiwan Univ. Hospital, Taipei, Taiwan)

Kenshi Yao (Fukuoka Univ. Chikushi Hospital, Fukuoka, Japan)

Senior Consultant
Kyu Yong Choi (Mizmedi, Seoul, Korea)

Joon Soo Hahm (Shinil Hospital, Seoul, Korea)

Chang Duck Kim (Korea Univ., Seoul, Korea)

Myung-Hwan Kim (Univ. of Ulsan, Seoul, Korea)

Yong Bum Yoon (Nat'l Medical Center, Seoul, Korea)

Editors Emeritus
Ki Baik Hahm (Medpacto, Seoul, Korea)

Eun Young Kim (Daegu Catholic Univ., Daegu, Korea)

Jeong Seop Moon (Inje Univ., Seoul, Korea)

KSGE Publication Committee
Ji Yong Ahn (Univ. of Ulsan, Seoul, Korea)

Myong Ki Baeg (Catholic Kwandong Univ., Incheon, Korea)

Chang Seok Bang (Hallym Univ., Chuncheon, Korea)

Ji Young Chang (Ewha Womans Univ., Seoul, Korea)

Jun-Ho Choi (Dankook Univ., Cheonan, Korea)

Hyung Ku Chon (Wonkwang Univ., Iksan, Korea)

Jimin Han (Daegu Catholic Univ., Daegu, Korea)

Sang-Bum Kang (Daejeon St. Mary's Hospital, The Catholic Univ. of Korea, Daejeon, Korea)

Eun Sun Kim (Korea Univ., Seoul, Korea)

Sung Eun Kim (Kosin Univ., Busan, Korea)

Jae Min Lee (Korea Univ., Seoul, Korea)

Tae Hoon Lee (Soonchunhyang Univ., Cheonan, Korea)

Hee Seok Moon (Chungnam Nat’l Univ., Daejeon, Korea)

Seon-Young Park (Chonnam Nat’l Univ., Gwangju, Korea)

Sung Chul Park (Kangwon Nat’l Univ., Chuncheon, Korea)

Dong-Hoon Yang (Univ. of Ulsan, Seoul, Korea)

Manuscript Editor
Sue Yeon Chung (Infolumi, Korea)

Print ISSN 2234-2400
Online ISSN 2234-2443

Volume 56 Number 1 
January 30, 2023 



Contents
Volume 56 Number 1, January 30, 2023

Print ISSN 2234-2400 / Online ISSN 2234-2443

 Reviews

Simulator-based training method in gastrointestinal endoscopy training and currently available simulators 1

Yuri Kim, Jeong Hoon Lee, Gin Hyug Lee, Ga Hee Kim, Gunn Huh, Seung Wook Hong, Hwoon-Yong Jung

Role of artificial intelligence in diagnosing Barrett’s esophagus-related neoplasia 14

Michael Meinikheim, Helmut Messmann, Alanna Ebigbo

Submucosal endoscopy: the present and future  23

Zaheer Nabi, Duvvur Nageshwar Reddy

 Systematic Review and Meta-Analysis

Hybrid argon plasma coagulation in Barrett’s esophagus: a systematic review and meta-analysis  38

Sagar N. Shah, Nabil El Hage Chehade, Amirali Tavangar, Alyssa Choi, Marc Monachese, Kenneth J. Chang, Jason B. Samarasena

 Editorials

Role of endoscopic ultrasound in the secondary prevention of gastric varices  50

Joung-Ho Han

Application of double-balloon enteroscopy for small bowel tumors  53

Su Bum Park

 Original Articles

Endoscopic submucosal dissection for superficial esophageal squamous cell carcinoma: long-term follow-up  55 
in a Western center
Andreas Probst, Alanna Ebigbo, Stefan Eser, Carola Fleischmann, Tina Schaller, Bruno Märkl, Stefan Schiele, Bernd Geissler,  
Gernot Müller, Helmut Messmann

Endoscopic ultrasound-guided coiling and glue is safe and superior to endoscopic glue injection in gastric varices   65 
with severe liver disease: a retrospective case control study 
Kapil D. Jamwal, Rajesh K. Padhan, Atul Sharma, Manoj K. Sharma

Non-atrophic gastric mucosa is an independently associated factor for superficial non-ampullary duodenal   75 
epithelial tumors: a multicenter, matched, case-control study
Azusa Kawasaki, Kunihiro Tsuji, Noriya Uedo, Takashi Kanesaka, Hideaki Miyamoto, Ryosuke Gushima, Yosuke Minoda,  
Eikichi Ihara, Ryosuke Amano, Kenshi Yao, Yoshihide Naito, Hiroyuki Aoyagi, Takehiro Iwasaki, Kunihisa Uchita,  
Hisatomi Arima, Hisashi Doyama

Endoscopic and histological characteristics of small bowel tumors diagnosed by double-balloon enteroscopy  83

Suleyman Dolu, Soner Onem, Zarni Htway, Farid Hajıyev, Ali Bilgen, Hatice Cilem Binicier, Ecem Kalemoglu, Ozgul Sagol,  
Mesut Akarsu

Endoscopic removal of common bile duct stones in nonagenarians: a tertiary centre experience  92

Mustafa Jalal, Amaan Khan, Sijjad Ijaz, Mohammed Gariballa, Yasser El-Sherif, Amer Al-Joudeh

Copyright © 2023 Korean Society of Gastrointestinal Endoscopy



Role of interventional endoscopic ultrasound in a developing country  100

Hasan Maulahela, Nagita Gianty Annisa, Achmad Fauzi, Kaka Renaldi, Murdani Abdullah, Marcellus Simadibrata,  
Dadang Makmun, Ari Fahrial Syam

A multicenter comparative study of endoscopic ultrasound-guided fine-needle biopsy using a Franseen needle  107 
versus conventional endoscopic ultrasound-guided fine-needle aspiration to evaluate microsatellite instability in  
patients with unresectable pancreatic cancer
Tadayuki Takagi, Mitsuru Sugimoto, Hidemichi Imamura, Yosuke Takahata, Yuki Nakajima, Rei Suzuki, Naoki Konno,  
Hiroyuki Asama, Yuki Sato, Hiroki Irie, Jun Nakamura, Mika Takasumi, Minami Hashimoto, Tsunetaka Kato, Ryoichiro Kobashi,  
Yuko Hashimoto, Goro Shibukawa, Shigeru Marubashi, Takuto Hikichi, Hiromasa Ohira

 Case Reports

Gastric wall abscess after endoscopic submucosal dissection 114

Seung Jung Yu, Sang Heon Lee, Jun Sik Yoon, Hong Sub Lee, Sam Ryong Jee

A large and pedunculated inflammatory pseudotumor with pseudosarcomatous change of the cecum mimicking  119 
a malignant polyp: a case report and literature review
Jong Suk Oh, Hyung Wook Kim, Su Bum Park, Dae Hwan Kang, Cheol Woong Choi, Su Jin Kim, Hyeong Seok Nam, Dae Gon Ryu

 Brief Reports

Chronic Ménétrier disease leading to gastric cancer in youth 125

Bruno Salomão Hirsch, Silvia R. Cardoso, Elisa R. Baba, Diogo T. H. de Moura, Manoel Ernesto P. Gonçalves,  
Rodrigo S. de P. Rocha, Eduardo G. H. de Moura

Trans-cavity lumen-apposing metal stent removal: an alternative safe modality  129

Giacomo Emanuele Maria Rizzo, Ilaria Tarantino

 Boost Your Learning with Quiz

A rapidly growing round mass in the gallbladder  132 
Hong Ja Kim, Tae Hoon Lee

COVER STORY
Per-rectal endoscopic myotomy in a patient with Hirschsprung’s disease. (I) 
Submucosal lifting injection. (II) Transverse mucosal incision 1 to 2 cm above the 
anal verge. (III) Submucosal tunneling with arrows indicating the muscle layer. (IV) 
Completion of submucosal tunneling. (V) Full-thickness myotomy. (VI) Closure of the 
mucosal incision using endoclips (See on page 23−37).

January 2023
Vol. 56 

No. 1
pages 1~134

January 2023

Volume 56

Number 1

Per-rectal endoscopic myotomy

Advancing Visualization

Advancing Control

Advancing Work�ow

Advancing 
the Art of Endoscopy

Advancing Visualization

Advancing Control

Advancing Work�ow

Advancing 
the Art of Endoscopy

Advancing Visualization

Advancing Control

Advancing Work�ow

Advancing 
the Art of Endoscopy



www.e-ce.org

Featuring : issued bimonthly
: prompt reviewing process 
: on-line �rst, once accepted 
: smart on-line submission 
: catch up recent update

Submucosal endoscopy or third-space endoscopy utilizes the potential space between the mucosal and muscularis layers of the gastro-

intestinal tract to execute therapeutic interventions for various diseases. Over the last decade, endoscopic access to the submucosal 

space has revolutionized the field of therapeutic endoscopy. Submucosal endoscopy was originally used to perform endoscopic myoto-

my in patients with achalasia cardia, and its use has grown exponentially since. Currently, submucosal endoscopy is widely used to re-

sect subepithelial tumors and to manage refractory gastroparesis and Zenker’s diverticulum. While the utility of submucosal endoscopy 

has stood the test of time in esophageal motility disorders and subepithelial tumors, its durability remains to be established in condi-

tions such as Zenker’s diverticulum and refractory gastroparesis. Other emerging indications for submucosal endoscopy include esoph-

ageal epiphrenic diverticulum, Hirschsprung’s disease, and esophageal strictures not amenable to conventional endoscopic treatment. 

The potential of submucosal endoscopy to provide easy and safe access to the mediastinum and peritoneal spaces may open doors to 

novel indications and rejuvenate the interest of endoscopists in natural orifice transluminal endoscopic surgery in the future. This re-

view focuses on the current spectrum, recent updates, and future direction of submucosal endoscopy in the gastrointestinal tract. 

Keywords: Endoscopy; Esophageal achalasia; Myotomy; Zenker diverticulum
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INTRODUCTION 

The submucosal or third space is a virtual space between the 

mucosa and muscularis layer that can be expanded using 

various injectable solutions and accessed endoscopically. The 

submucosal space provides the opportunity to manage various 

pathological conditions involving the submucosal and muscular 

layers and beyond. The concept of submucosal endoscopy orig-

inated approximately one and a half decades ago when Sumi-

yama et al.,1,2  in their seminal work on porcine models, showed 

that the peritoneal cavity and mediastinum could be success-

fully accessed via submucosal endoscopy, with the defect being 

completely sealed using the mucosal flap. The authors coined 

the term “submucosal endoscopy with mucosal flap safety valve 

(SEMF)”. Subsequently, Pasricha and colleagues suggested that 

the submucosal space may be exploited to perform endoscop-

ic esophageal myotomy as a potential treatment in cases of 

achalasia.3  Inoue and colleagues are credited with performing 

the first human submucosal endoscopic myotomy in cases of 

achalasia cardia and coining the term per-oral endoscopic my-

otomy (POEM).4 Over the last decade, the use of submucosal 

endoscopy has witnessed exponential growth, and it is now be-

ing utilized for a number of gastrointestinal (GI) diseases such 

as esophageal motility disorders, subepithelial tumors (SETs), 

Zenker’s diverticulum, and refractory gastroparesis (Fig. 1).5 

This review focuses on the current spectrum, recent updates, 

and future directions of submucosal endoscopy in the GI tract.  

    This is an Open Access article distributed under the terms of the Creative Commons 

Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) 

which permits unrestricted non-commercial use, distribution, and reproduction in any 
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The apprenticeship-based training method (ABTM) is highly effective for gastrointestinal (GI) endoscopic training. However, the con-
ventional ABTM has significant issues. Although many supplementary training methods (TMs) have been developed and utilized, they 
cannot entirely replace the ABTM, which remains the major TM strategy. Currently, new TM construction is crucial and necessary due 
to financial constraints, difficulty of obtaining sufficient training time due to patient safety-related regulations, and catastrophic dam-
age caused by disasters such as the coronavirus disease 2019 pandemic. The simulator-based TM (SBTM) is widely accepted as an al-
ternative to the ABTM, owing to the SBTM’s advantages. Since the 1960s, many GI endoscopy training simulators have been developed 
and numerous studies have been published on their effectiveness. While previous studies have focused on the simulator’s validity, this 
review focused on the accessibility of simulators that were introduced by the end of 2021. Although the current SBTM is effective in GI 
endoscopic education, extensive improvements are needed to replace the ABTM. Incorporating simulator-incorporated TMs into an 
improved ABTM is an attempt to overcome the incompleteness of the current SBTM. Until a new simulator is developed to replace the 
ABTM, it is desirable to operate a simulator-integrated and well-coordinated TM that is suitable for each country and institution. 

Keywords: Apprenticeship-based training method; Colonoscopy; Endoscopic retrograde cholangiopancreatography; Esophagogastro-
duodenoscopy; Simulator-based training method  
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INTRODUCTION 

Gastrointestinal (GI) endoscopy is a complex procedure that 
requires simultaneous coordination of technical skills for en-
doscope manipulation, cognitive skills such as knowledge and 
lesion diagnosis, and integrative skills such as communication 

and teamwork. Owing to these factors, it is difficult to effective-
ly train each apprentice according to the trainee’s varied knowl-
edge base, baseline dexterity, and learning style.1-6 

The apprenticeship-based training method (ABTM) is highly 
beneficial for endoscopic training and remains the cornerstone 
of the GI endoscopy training method (TM). However, owing 
to the numerous significant flaws of the conventional ABTM, 
considerable efforts for improvement have been introduced. 
Incorporating simulators into GI endoscopy training programs 
is a major trend in such efforts. 

Since the 1960s, multiple GI endoscopy training simulators 
have been constructed and numerous studies on their validity 
have been published. Although notable comprehensive reviews 
focused on the validity of training simulators and systems,1,6-12 
they primarily introduced simulators from an academic per-
spective. Consequently, applying these recommendations and 
inferences as guidelines for establishing an endoscopic educa-
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tion program in general education institutions is challenging. 
Therefore, this review focuses on the accessibility of simulators 
from a practical standpoint, with particular emphasis on simu-
lators that were introduced by the end of 2021. 

The following describes the practical perspective that we 
outlined: (1) Selection criteria were established based on the ac-
cessibility of the simulator. This necessitates access to either the 
domestic market or the international. (2) From the perspective 
of a potential client, the simulator selected was one for which 
estimates of costs and manpower required for installation and 
maintenance could be made. Considering this, we endeavored 
to include as many low validity and low cost, moderate validity 
and moderate cost, and high validity and high cost categories 
as possible. (3) GI endoscopy competencies that can be learned 
with training are outlined; however, if no official data were 
available, then estimates were made based on our experience. (4) 
Whether an educational program utilizing the simulator had 
been created and whether there is documented evidence of the 
simulator’s validity was assessed. 

Only esophagogastroduodenoscopy (EGD), colonoscopy, and 
endoscopic retrograde cholangiopancreatography (ERCP) sim-
ulators are covered in this article; endoscopic ultrasonography 
(EUS) and enteroscopy simulators are not covered. Moreover, it 
should be noted that augmented reality, mixed reality, and ex-
tended reality-based simulators, which are technically superior 
to virtual reality (VR) series, are still in the early stages of de-
velopment and are difficult to implement in actual endoscopic 
training. Hence, they were excluded from this study. 

THE IMPERATIVE NEED FOR A NEW, 
EFFECTIVE GI ENDOSCOPY TM 

The ABTM is characterized by “See one, Do one, Teach one.” In 
the ABTM, apprentices can directly observe a demonstration 
by experts, and under the supervision of specialists, it is feasible 
to train real patients in a step-by-step, real-time manner that 
advances from low to high difficulty, which is highly beneficial 
for endoscopic training.3-5,7,13 However, the conventional ABTM 
has numerous significant flaws.1,3-5,8,9,13-17 In the conventional 
ABTM, the majority of trainers do not receive separate edu-
cational training, there is no formal and standardized training 
curriculum, and there is no formal competency assessment 
tool. Consequently, the final competency of the trainee is typi-
cally determined by training time or volume. When the num-
ber of educators and trainees exceeds a certain threshold, the 

efficiency of education declines significantly. In addition, when 
the apprentice performs the endoscopy directly on the patient, 
there is a delay in the examination time, the patient may experi-
ence inconvenience until they are accustomed to the technique, 
and there is a risk of complications. Regarding the content of 
training, if the trainer does not teach according to the trainee’s 
level, the trainee may perceive the training as too simple or too 
challenging, resulting in ineffective education. Additionally, if 
endoscopic takeover occurs frequently because of the patient’s 
medical condition, sufficient education is not provided. Fur-
thermore, a significant amount of time is required to educate a 
desirable number of cases through actual patients. 

Numerous studies have been conducted on the development 
of a structured curriculum employing competency-based as-
sessment tools and validated direct observation tools4,5,18-28; the 
development and incorporation of milestone concepts5,21,23; the 
development of quality indicators (e.g., adenoma detection rate, 
cecal intubation rate)5,21; the recognition and incorporation of 
cognitive load theory5,20; the incorporation of mastery learn-
ing5,14,29,30; the development of high-quality, constructive, and ef-
fective feedback5,19-21,29,31; the incorporation of effective coaching 
techniques5; the development of a training program for endo-
scopic trainers4,5,19,20,32; and the emphasis on a learning environ-
ment that supports education.20 However, there is no new TM 
that can completely replace the ABTM, and the establishment 
of a new education system is very expensive and requires the 
commitment of endoscopic specialists.4,8 Consequently, despite 
several concerns, the ABTM has remained the dominant TM to 
date. 

Nonetheless, as hospitals grow and expand, the number of 
educators and trainees increases, “Teach one” becomes more 
challenging, and financial demand on endoscopic performance 
in management continues to rise. Endoscopy educators find it 
increasingly difficult to secure training time during examina-
tions as the number of patient safety-related medical regula-
tions increases.20,33 

Furthermore, as a result of the coronavirus disease 2019 
pandemic, the number of examinations at endoscopy centers, 
where GI endoscopy education is mostly delivered, was reduced 
by up to 99%, resulting in a sudden and severe decrease in the 
availability of endoscopic education for apprentices.1,34-44 In the 
last two years, endoscopists who lacked adequate education 
have entered the medical field, and there has been a significant 
additional load on monitoring and education. 

As the ABTM was discovered to be extremely susceptible to 
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health, financial, and social crises,14 the establishment of a new 
TM to complement the ABTM is not a choice that can be made 
based on the circumstances of each hospital but rather a neces-
sary and obligatory task that must be planned in advance. 

The simulator-based TM (SBTM) allows apprentices to prac-
tice certain abilities at their own speed without harming a pa-
tient. Depending on the type of simulator, apprentices can also 
train technical, cognitive, and integrative skills simultaneously, 
as well as advanced skills, such as polypectomy, hemostasis, and 
endoscopic dissection. It is also possible to standardize a variety 
of educational indicators. As an alternative and complement 
to the ABTM, SBTM is the most anticipated alternative in this 
regard.1,10,11,45 

CLASSIFICATION AND CHARACTERISTICS 
OF ENDOSCOPIC TRAINING SIMULATORS 

Currently, three types of endoscopic simulators are available: 
(1) mechanical simulators, (2) ex vivo and in vivo animal models, 
and (3) computer-assisted (e.g., VR) models. Each simulator type 
has its own benefits and drawbacks, and is best suited for training 
and assessing specific tasks and levels of learners (Table 1).4,46-57 

While all simulators have the benefit that apprentices can 
train specific skills at their own pace without endangering the 
patient, they are only effective in the initial phase of beginner 
education, and there is no high-quality evidence that the SBTM 
can make a clear contribution to competency acquisition.4,7,8 

Mechanical model 
The most commonly used training simulator is the mechanical 
simulator. In general, the exterior of this simulator is supported 
by a hard material, such as plastic, whereas the interior consists 
of a physical model containing a phantom made from a soft 
material, such as silicone. The cavity within the phantom was 
created to simulate the physical and visual properties of human 
anatomical structures, allowing for the insertion of an endo-
scope and the training of endoscopic maneuvers. This type of 
simulator has the advantages of being less expensive than other 
simulators, effective for the initial phase of apprentice training, 
and superior to VR simulators in terms of physical haptic real-
ism. However, the realism of the mechanical model’s physical 
properties is inferior to that of animal models, and implementa-
tion of different scenarios requires physical reproduction such 
that only fundamental skills and a limited scenario set can be 
trained using the mechanical model.1,4,5,7,8 

1) EGD Method Trainer 
The EGD Method Trainer (EMT; Anymedi Inc., Seoul, Korea; 
https://anymedi.com) is a training simulator of the diagnostic 
EGD maneuver that realistically reproduces the human upper 
GI tract using three-dimensional (3D) modeling, 3D printing, 
and silicone molding technology based on a computed tomog-
raphy (CT) image of the human upper GI tract.1,48 Training in 
endoscope manipulation and systemic observation of the up-
per GI tract are feasible. It is possible to insert and observe up 
to the second portion of the duodenum because the model is 
based on an actual CT scan of a human being and uses silicone 
with the same hardness as that of the human tissue. In addi-
tion, a machine learning program comparing the endoscopist’s 
motion analysis matrix to the expert’s matrix is provided, such 
that the trainee can self-train. The use of soft silicone requires 
an intensive lubrication process and more careful management 
than that of a conventional mechanical simulator. This prod-
uct is commercialized; its domestic price is approximately US 
dollar 4,000-4,500, and the actual training video can be viewed 
on YouTube (performance video: https://www.youtube.com/
watch?v=Rzbshcwe3ZE). By 2021, the only data available to 
evaluate the validity of this model was a developer’s paper 
demonstrating positive face, content, and construct validity.48 

2) EGD Simulator 
A silicone frame resembling the human body from the nose 
and mouth to the esophagus, stomach, and duodenum is 
mounted on a plastic panel, and the entire procedure of up-
per GI endoscopy, including transoral or transnasal insertion, 
can be performed on a model. On the inner wall of the gastric 
model, there is a spot that is shaped like a gastric ulcer or early 
gastric cancer and a location where Yamada I to IV polyp mod-
els can be inserted. Attaching a polyp to perform polypectomy 
and control bleeding is a separate option. After resection, the 
clipping method can be used to stop the bleeding. Moreover, 
the opening of the ampulla of Vater is in the second portion of 
the duodenum, and when ERCP is used, cannulation can be 
attempted with the common bile duct and pancreatic duct. In 
one study that evaluated the educational effect of this simulator 
by applying it to actual novice and non-novice endoscopists us-
ing the previous version of the product currently on the market, 
90.6% of participants, particularly 92.9% of novice endosco-
pists, rated the simulator as helpful, demonstrating its efficacy 
(EGD Simulator; Koken Co., Ltd., Tokyo, Japan; https://www.
kokenmpc.co.jp/english/products/educational_medical_mod-
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els/anatomical/lm-103.html; introduction video: https://www.
youtube.com/watch?v=J1iKCc821Lk).46  

3) EMS Trainer 
In this simulator (EMS Trainer; Chamberlain Group LLC, Great 
Barrington, MA, USA; https://www.thecgroup.com/product/
ems-trainer-2068), silicone models of the stomach, colon, and 
esophagus are combined into one frame. After each tissue ele-
ment has been inserted into the model, advanced techniques, 
such as tissue biopsy, clipping for gastric ulcer bleeding, and 
stenting for esophageal, pyloric, and duodenal strictures, can be 

performed. Additionally, the colon frame can be outfitted with 
tissue elements for practicing snaring of colon polyps, post-pol-
ypectomy clipping, colonic perforation clipping, and stent 
insertion into the colonic stricture. Owing to the nature of the 
model created by imitating only a partial structure of the whole 
organ, it is impossible to practice the overall endoscopic manip-
ulation; nevertheless, this simulator is thought to be useful for 
teaching endoscopy apprentices detailed techniques. However, 
no clinical studies have demonstrated the effectiveness of this 
device. 

Table 1. Commercialized gastrointestinal endoscopy training system

Name Manufacturer  
(year of release) Class Target Intervention Efficacy  

validation
Price  

(US dollar)
EGD Simulator Koken Co., Ltd., Japan Mechanical EGD, ERCP Yes Yes (EGD)46 5,476a)

EMS Trainer Chamberlain Group LLC, 
USA

Mechanical EGD, CSPY Yes No 2,089

Thompson Endoscopic 
Skill Trainer

EndoSim LLC, USA Mechanical EGD, CSPY Yes Yes47 12,995

Upper GI Trainer Chamberlain Group, USA Mechanical EGD No No 3,790
EGD Method Trainer Anymedi Inc., Korea (2019) Mechanical EGD No Yes48 4,000–4,500a)

Erlangen Active Simulator 
for Interventional  
Endoscopy Series

EndoSim LLC, USA Ex vivo EGD, CSPY, 
ERCP, EUS

Yes Yes  
(EGD49,50, ERCP51)

2,100–4,295

DeLegge EndoExpert Tray DeLegge Medical, USA Ex vivo EGD, CSPY, 
ERCP

Yes No 2,250

EndoVR CAE Healthcare, Canada VR EGD, CSPY, 
ERCP

Yes Yes  
(CSPY52, ERCP53)

119,600

GI Mentor II virtual  
endoscopy simulator

Simbionix, USA VR EGD, CSPY, 
ERCP

Yes Yes  
(EGD54, ERCP55, CSPY56)

72,000–134,000

EndoSim Surgical Science, Sweden VR EGD, CSPY, 
ERCP

Yes No 60,000–132,000

3D Colonoscope Training 
Simulator NKS

Kyoto Kagaku Co., Japan Mechanical CSPY No No 1,929a)

Colonoscope Training 
Simulator

Kyoto Kagaku Co., Japan Mechanical CSPY No Yes57 2,450a)

Colonoscopy Lower GI 
Endoscopy Simulator

Koken Co., Ltd., Japan Mechanical CSPY,  
enteroscopy

Yes No 3,990a)

Colonoscopy Trainer Chamberlain Group, USA Mechanical CSPY No No 3,630
EVL Simulator Glück Co., Korea Mechanical EVL Yes No 950a)

PEG Simulator Glück Co., Korea Mechanical PEG Yes Yes58 1,500a)

Left-Hand Trainer Glück Co., Korea Mechanical EGD No No 1,200a)

EndoGel Training Model 
for ESD/POEM

Sunarrow Co., Japan Mechanical ESD/POEM Yes Yes59 390a)

ESD Training Model Koken Co., Ltd., Japan Mechanical ESD Yes No 2,105a)

EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatography; CSPY, colonoscopy; EUS, endoscopic ultrasonography; 
VR, virtual reality; 3D, three-dimensional; EVL, endoscopic variceal ligation; PEG, percutaneous endoscopic gastrostomy; ESD, endoscopic submucosal 
dissection; POEM, per-oral endoscopic myotomy.
a)Domestic price.
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4) Upper GI Trainer and Colonoscopy Trainer 
While the EMS Trainer described previously was a simulator that 
focused on training each detailed technique rather than the en-
doscopic insertion technique, the Upper GI Trainer and Colonos-
copy Trainer (Chamberlain Group LLC; https://www.thecgroup.
com/product/upper-gi-trainer-2002) replicate the structure of 
the human body from the oral cavity to the esophagus, stomach, 
duodenum, and large intestine for the purpose of endoscopic 
insertion. Thus, these trainers are believed to be beneficial for 
apprentices just beginning endoscopy. However, unlike the EMS 
Trainer, which is manufactured by the same company, there is no 
component for mounting tissue elements for practicing detailed 
techniques. Thus, the GI Trainer and Colonoscopy Trainer are 
expected to be cumbersome to use in conjunction with the EMS 
Trainer, if required. Additionally, no clinical studies have demon-
strated the effectiveness of these devices. 

5) Thompson Endoscopic Skill Trainer 
This is a simulator designed for preclinical beginners (Thomp-
son Endoscopic Skill Trainer; EndoSim LLC, Hudson, MA, 
USA; https://endosim.com/product-page/thompson-endoscop-
ic-skills-trainer-test). The simulator is used to practice the five 
skills of polypectomy, retroflexion, torque, knob control, and 
loop reduction or navigation. A module with a light bulb at-
tached to a small ring or silicone cap is mounted inside the box. 
In 2014, the developer validated the simulator with 54 partici-
pants. The content validity index of all five modules was found 
to be close to 1.00 in terms of realism, relevance, and represen-
tativeness.47 This simulator is useful for practicing deconstruct-
ed basic skills, similar to the EMS Trainer described above, but 
the integrated technical skill of endoscopy cannot be practiced. 

6) Colonoscope Training Simulator 
It is a mechanical model that implements a colon tube with the 
rectum and 41 folds within a hard case that imitates the abdom-
inal cavity (Colonoscope Training Simulator; Kyoto Kagaku 
Co., Kyoto, Japan; https://www.kyotokagaku.com/en/products_
data/m40/; introduction video: https://www.youtube.com/
watch?v=XDbRA3I-2Hc). There are numerous devices that can 
fix the colon-rectum tube of the abdominal cavity, giving this 
model the benefit of being able to implement complex insertion 
difficulties in comparison to the 3D Colonoscope Training Sim-
ulator NKS (Kyoto Kagaku Co.). In addition, external compres-
sion and position change are possible, and the pump attached 
to the anus allows for adjustment of the anal sphincter’s power. 

The product weighs approximately 6.5 kg, making it relatively 
easy to transport, and its catalog is available online. As a colo-
noscopy-specific simulator, a 2016 clinical study involving 32 
endoscopic apprentices showed that the trained group had a 
higher rate of cecal intubation than the untrained group.57 

7) 3D Colonoscope Training Simulator NKS 
It is a mechanical model that implements the 3D structure of 
the large intestine based on the CT colonoscopy data (3D Colo-
noscope Training Simulator NKS; https://www.kyotokagaku.
com/en/products_data/mw24/; introduction video: https://
www.youtube.com/watch?v=Rhhi-yRazl4). Inside the trans-
parent tube is a silicone implementation of the large intestine, 
which allows visual inspection from the outside of various 
loops that can occur when inserting the endoscope. In a simu-
lator designed specifically for cecal intubation, a short- or long 
alpha loop and N-loop can be artificially set in the tortuous 
colon to aid in loop reduction during endoscopic insertion. In 
addition, this simulator weighs 6 kg, making it transportable. It 
is possible to use the simulator for implementation of abdomi-
nal compression and positional changes externally.  

However, it cannot be used to observe other lesions or for 
therapeutic endoscopic training, and there are currently no 
clinical studies evaluating the effectiveness of this product. 

8) Colonoscopy Lower GI Endoscopy Simulator Type II 
It consists of a main unit that creates an abdominal cavity and 
a colon tube made of special silicone, with the colon tube con-
taining the ascending, transverse, descending, and rectosigmoid 
sections (Colonoscopy Lower GI Endoscopy Simulator Type 
II; Koken Co., Ltd.; https://www.kokenmpc.co.jp/english/prod-
ucts/educational_medical_models/anatomical/lm-107.html). 
Three connectors connect the four colon tubes, and a virtual 
peritoneal membrane can cover the main unit. Moreover, the 
main unit can be secured by connecting the hole and fixing the 
pin to the main unit, and changing the position is possible. This 
product can be used to perform polypectomy by attaching a 
simulated polyp, in addition to being used to train basic skills 
such as cecal intubation. The use of the clipping technique al-
lows for the practice of hemostasis and is another advantage of 
this simulator. Attaching the optional small bowel makes it pos-
sible to use a shortening technique during balloon enteroscopy. 
You can easily access catalogs and manuals for this device via 
the internet and learn how to use it via YouTube (introduction 
video: https://www.youtube.com/watch?v=bKUnhVnwNI4). 
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9) Endoscopic Variceal Ligation Simulator 
This simulator was designed to make it easier for apprentice 
endoscopists to practice the fundamentals of endoscopic var-
iceal ligation (EVL) during their initial training (Glück Co., 
Seoul, Korea; https://www.glucklab.com/; performance video: 
https://www.youtube.com/watch?v=kF57_yyUoAM). EVL can 
be performed by inserting a varix module into a plastic esoph-
ageal-shaped frame. Each varix module is made of silicone and 
contains three strands of varix per module. Therefore, EVL can 
be practiced multiple times with a single module, and the prac-
tice can be repeated while the varix module is replaced. The 
band ligator required to perform EVL is not included and must 
be prepared separately. 

10) Percutaneous Endoscopic Gastrostomy Simulator 
This simulator allows for the practice of percutaneous en-
doscopic gastrostomy (PEG; Glück Co.; performance video: 
https://www.youtube.com/watch?v=F24hX8eoq74) through 
the abdominal and gastric walls by inserting a silicone module 
shaped like the abdominal and gastric walls into the hole of a 
plastic model of the stomach. It is possible to train with dif-
ferent types of PEG, such as pulled and introducer types. It is 
also helpful that the abdominal and gastric wall silicone mod-
ules can be reused multiple times and replaced if needed. In a 
study to determine the efficacy of the simulator, practice with 
PEG simulator decreased PEG completion time and increased 
self-evaluation scores in both pull type and introducer type 
simulator, indicating that PEG simulator can be useful for edu-
cating novice endoscopists in PEG insertion.58

11) Left-Hand Trainer 
In advanced endoscopy techniques, such as therapeutic endos-
copy, the right hand usually manipulates the therapeutic acces-
sory. If the endoscope cannot be manipulated with the left hand 
alone and the operator must operate the therapeutic accessory 
with the right hand, an additional assistant is required to main-
tain the specific position of the endoscope. Thus, the ability to 
move the bending section upward and downward and rotate the 
insertion tube using only the left hand is crucial. This simulator 
is a training simulator for the development of left-hand ma-
nipulation skills (Left-Hand Trainer: Glück Co.; performance 
video: https://www.youtube.com/watch?v=_B0RnR-QJ64). It is 
more useful for endoscopists who are already familiar with fun-
damental endoscopic manipulations than for beginners. 

12) EndoGel Training Model for endoscopic submucosal dis-
section/per-oral endoscopic myotomy 
A stainless-steel container containing stacked, multilayer, poly-
vinyl, alcohol, hydrogel plates embodying the physical prop-
erties of each wall of the GI tract enables trainees to perform 
endoscopic submucosal dissection (ESD) or per-oral endoscop-
ic myotomy (POEM) procedures. On the gel plate, mucosal 
marking, submucosal injection, and submucosal dissection can 
be performed in the same manner as in actual ESD or POEM 
procedures. This is thought to be beneficial for advanced en-
doscopists who practice ESD (EndoGel Training Model for 
ESD/POEM; Sunarrow Co., Ltd., Tokyo, Japan; https://www.
sunarrow.co.jp/medical/en/products/endogel/). In one study, 
28 residents practiced ESD and POEM with EndoGel and then 
completed self-report questionnaire. The satisfaction rate was 
100%, and the feasibility rate was 96.4%, indicating that Endo-
Gel may be an effective endoscopy education tool.59 

13) ESD Training Model 
Koken Co., Ltd. created a simulator for ESD training (https://
www.kokenmpc.co.jp/english/products/educational_medical_
models/anatomical/lm-083.html). It is a model shaped from the 
distal esophagus to the stomach with a soft resin interior. ESD 
training can be performed with realistic sensation by inserting 
a dissected pig stomach into the device. However, the porcine 
stomach module to be mounted must be prepared and installed 
separately. 

Animal model 
The animal model has the highest degree of realism and can 
simulate specific dynamic conditions, such as bleeding, and the 
electrosurgical unit can be used because it employs animal or-
gans that are anatomically and haptically similar to those of the 
human body. This model is more suitable for training advanced 
therapeutic procedures, such as hemostasis, polypectomy, and 
ESD, than for training basic techniques. Conversely, the training 
or reuse of different scenarios in the same simulator is not pos-
sible, and the standardization of various competency matrices is 
difficult. During apprentice training, it is essential to remember 
that the anatomy and physical characteristics of animals are dis-
tinct from those of humans. Pigs are the predominant species in 
this animal model.1,4,7 

1) Ex vivo animal models 
In the ex vivo animal model, an organ is attached to a plastic 
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mold and used. The ex vivo animal model is less expensive than 
a VR simulator or an in vivo animal model, and because it em-
ploys animal tissue, its visual and haptic realities are superior to 
those of a mechanical simulator. Additionally, this model can 
be used to train in advanced therapeutic procedures, such as 
hemostasis and ESD. However, because a devitalized organ is 
used, its tissue characteristics are inferior to those of the vital 
organs. This makes the therapeutic procedure difficult or im-
possible to perform.1,4,5,8,18 

(1) Erlangen Active Simulator for Interventional Endoscopy 
Erlangen has been developing a series of ex vivo simulators 
since 1997. Currently, Erlangen Active Simulator for Interven-
tional Endoscopy (EASIE)-R1, R2, R3, and R4 (EndoSim LLC, 
Berlin, Germany; https://endosim.com/) have been released.60 
The EASIE-R3 series is a product designed specifically for pol-
ishing upper GI endoscopic procedures. Endoscopic mucosal 
resection (EMR), ESD, POEM, and EUS can be performed by 
loading the simulator with ex vivo porcine GI organ packages 
suitable for the procedure being practiced. In contrast to live 
animal models, which are difficult to implement in a general 
environment, and expensive VR simulators, only the simulator 
body and ex vivo porcine packages are purchased for EASIE, 
allowing for more realistic training than that of mechanical 
models and at a lower cost. Furthermore, when using the PEG 
simulator version, PEG insertion can be performed by replacing 
the existing EASIE acrylic lid with a lid attached to the porcine 
abdominal wall. The ex vivo porcine package can be purchased 
again and used multiple times, which is convenient. Tissue dis-
posal after training and the need to accept unfavorable tissue 
characteristics, unlike the characteristics of vital tissues, are dis-
advantages of this simulator. 

In a 2012 study utilizing CompactEASIE, which was de-
veloped in 1998 as the predecessor to the EASIE-R series, 28 
novice endoscopists were divided into three groups: those 
who received both simulator and clinical training, those who 
received only clinical training, and those who received only 
simulator training. Changes in the endoscopic technique were 
subsequently compared. The intubation times for the esopha-
gus and pylorus were significantly shorter in the group that had 
both simulator and clinical training, and blind expert evalua-
tions were better.49,50 Furthermore, in a study published in 2005, 
hemostatic practice using CompactEASIE was performed on 
28 GI trainees. Between the baseline and 7 months of training, 

the trainees’ manual skills and clinical hemostatic procedures 
improved, demonstrating the efficacy of the simulator.49 

ColoEASIE-2 realistically implements human anatomy using 
actual cattle or pig intestines. It is possible to learn fundamental 
techniques, such as cecal intubation; however, owing to the ex 
vivo characteristics, ColoEASIE-2 is more effective for learning 
interventional procedures, such as EMR or ESD, using human 
tissue-like models. A separate specimen must be purchased for 
bleeding or polypectomy. In the case of a bleeding specimen, 
five to six bleeding vessels are sutured to the specimen to imple-
ment various hemostasis techniques. It is difficult to implement 
various loops that can be encountered during the insertion of 
an endoscope, and auxiliary methods that can be implemented 
during insertion, such as abdominal compression and postural 
change, cannot be implemented. Therefore, the applicability of 
the simulator is limited to interventional procedures. 

The most recent EASIE-R4 simulator is a hybrid simulator 
that consists of a disposable ex vivo specimen (software) in a 
plastic container (hardware). It contains a torso-shaped tray 
with attachment clamps to secure the specimen in place. The 
ERCP module simulates fluoroscopy without the use of X-rays. 
Using this simulator, trainees can practice cannulation, nee-
dle-knife sphincterotomy, stone extraction with a basket, inser-
tion of a biliary stent, EUS-guided biliary access, and cholan-
gioscopy. The ERCP NeoPapilla cartridge is a hybrid cartridge 
installed and used in the EndoSim EASIE ERCP simulator. It 
is composed of a porcine ex vivo duodenum and an artificial 
major papilla made of chicken heart tissue. Each specimen 
cartridge contains 15 to 20 chicken heart papillae. The artificial 
papilla allows for cannulation of the common bile and pancre-
atic ducts. Multiple sphincterotomies can be performed on a 
single specimen by exchanging chicken heart papillae sections 
without difficulty. The only study that demonstrated the validi-
ty of the EASIE-R4 was a recently published abstract in Europe-
an Society of Gastrointestinal Endoscopy Days 2021. Thirteen 
participants rated this model as more realistic in terms of organ 
appearance, endoscopic navigation, and papillary cannulation.51 

(2) DeLegge EndoExpert Tray 
This simulator was created to practice EGD, colonoscopy, and 
ERCP by mounting ex vivo organs within a plastic simulation 
tray, which is similar to the EASIE series (DeLegge EndoExpert 
Tray: DeLegge Medical LLC, Awendaw, SC, USA; https://www.
organsbydesign.com/collections/all). 
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2) In vivo animal model 
This in vivo animal model for endoscopic training involves 
live sedated animals. It has been reported that a simulator in-
volves animals, such as canines61 and baboons,62 although the 
pig model (Sus scrofa) is the most common.63 For training, it is 
advised to use pigs weighing over 30 kg, as they are the most 
equivalent to humans.64 Training with an in vivo pig model 
must be approved by the animal care and use committee of each 
institute. To cleanse the contents remaining in the stomach and 
colon of pigs, proper bowel preparation with a clear fluid diet 
and bowel preparation solution, as well as artificial elimination 
of food contents, should be performed.64,65 The anatomy of pigs 
resembles that of humans, but there are notable differences, 
such as the presence of a strong and protruding diverticulum on 
the gastric cardia (so-called torus pyloricus) and a large amount 
of submucosal fat in the colonic wall, as well as the lack of ab-
dominal fixation of the proximal colon.64,66 However, this model 
is the most realistic because its haptic feedback is comparable to 
that of humans and includes secretions, respiratory movements, 
and bleeding upon intervention. Therefore, it is commonly 
used for training advanced therapeutic methods, such as hemo-
stasis and ESD, particularly following ex vivo training. However, 
the model’s accessibility is limited. Animal acquisition, raising, 
monitoring, post-procedure rearing, and euthanasia incur sub-
stantial costs. Animals must be administered general anesthesia 
during endoscopic training. In this process, a veterinarian must 
be available and a suitable infrastructure for animal breeding 
and experimentation is required. In addition, ethical controver-
sies surrounding animal research are viewed as a barrier that 
makes it difficult to implement in vivo models.1,3,5,8,18 

A computer-assisted (VR) model 
The VR model constructs VR using a sensor and computer 
capable of providing haptic, audio, and visual feedback in re-
sponse to the learner’s movement. Once the learner inserts the 
scope into the machine, the monitor displays the virtual lumen 
that responds to the learner’s motion in real time. Technical 
skills; cognitive skills, such as managing patient discomfort 
or adverse events; integrated skills, such as problem solving 
and decision-making; and even therapeutic procedures can 
be trained in this process. In addition, unlike other types of 
simulator models, multiple scenarios can be trained in a single 
simulator, and unlike animal models, the same scenario can be 
trained repeatedly. Effective feedback can be provided follow-
ing training because the model provides objective matrices for 

measuring trainees’ competency. It is possible to standardize the 
TM because the same scenario can be presented to all trainees 
multiple times, and the object measurement matrices are cal-
culated each time. Despite its high cost, the effect of the com-
puter-assisted model is limited to the early stages of training. 
Moreover, the number of scenarios that can be trained is limit-
ed, maintenance is difficult, and the haptic and visual realities 
are inferior to those of the animal model.4,5,8,11,67  

1) EndoVR 
Previously released as an AccuTouch Endoscopy Simulator, the 
CAE Healthcare VR simulator is a device designed to train pol-
ypectomy, biopsy, and hemostasis skills through EGD, colonos-
copy, and ERCP modules. When the simulator begins, the vir-
tual patient’s medical history is displayed, and vital parameters, 
such as the virtual patient’s electrocardiogram, blood pressure, 
and oxygen saturation, change in real time during endoscopy, 
allowing the trainee to practice endoscopy with a sense of real-
ism. The feedback report on the results of the previous endos-
copy can be reviewed in detail at the conclusion of the practice, 
which is believed to be of great assistance in enhancing the 
skills of apprentice endoscopists. The ERCP module provides 
endoscopy and fluoroscopy images. It consists of six ERCP 
modules, all of which are diagnostic; therapeutic procedures, 
such as sphincterotomy and stenting, are not possible. As with 
the GI Mentor II, it is anticipated that the number of institu-
tions and facilities with expensive simulators will be restricted. 

In a clinical study, trainees who had no prior experience with 
colonoscopy were randomly assigned to either an educated or 
a non-educated (control) group. Using the previous model, 
the Accutouch simulator, the educated group demonstrated a 
significantly higher rate of cecal intubation within 10 minutes 
than the control group.52 In the ERCP validation study, six ap-
prentice GI fellows and four GI faculty members with experience 
in ERCP performed four simulated cases. The total procedure 
time, which was the primary outcome, was significantly shorter 
for the experts than for the novices.53 However, the validity of this 
simulator in EGD has never been demonstrated (EndoVR; CAE 
Healthcare, Montreal, Quebec, Canada; https://www.caehealth-
care.com/media/files/User_Guides/EndoVR-User-Guide.pdf). 

2) GI Mentor II virtual endoscopy simulator 
It is an upper and lower GI endoscopic simulator developed in 
the United States by Simbionix and offers a module library with 
over 120 tasks and virtual patient cases (GI Mentor II virtual 
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endoscopy simulator; Simbionix, Cleveland, OH, USA; https://
simbionix.com/simulators/gi-mentor/). The simulator has an 
oral orifice for inserting the endoscope into the torso of the 
mannequin, which is in a left lateral decubitus position, and 
a system that feeds back the force applied when manipulating 
the endoscope. When the operator manipulates the endoscope, 
related stimuli are displayed on the computer screen, and visual 
and audible feedback (e.g., the patient’s pain simulation) is gen-
erated based on the torque, deflation of the dial, and pressure of 
the endoscope. In addition to cecal intubation, trainees can un-
dergo flexible sigmoidoscopy, bleeding control, and endoscopic 
procedures, such as EMR or ESD. As with other VR models, 
this model provides immediate feedback, such as confirming 
the scope’s position during the procedure or the patient’s dis-
comfort. In addition, it provides a portable training platform 
known as the GI express. Moreover, complicated clinical pro-
cedures, such as emergency GI bleeding, can be practiced; if 
additional modules are purchased, training in EUS and ERCP 
may be beneficial.68 For ERCP, split-screen endoscopic and flu-
oroscopic views are provided, and 18 virtual patient cases with 
diverse anatomy and pathology of the common bile duct and 
pancreatic duct are presented. The model is the only VR sim-
ulator capable of performing ERCP therapy (sphincterotomy, 
stone extraction, stent placement, etc.). However, it has a signif-
icant disadvantage in that it is difficult to purchase because it is 
more expensive than the simulators we have described above. 

Among 28 residents without prior endoscopy experience, 
the group that received additional simulator training with a GI 
mentor prior to conventional training was compared with the 
group that only received conventional training. The duodenal 
insertion time was significantly shorter in the group of resi-
dents who received simulator training prior to conventional 
training, and their technical accuracy was significantly higher, 
demonstrating the effectiveness of this simulator.54 However, in 
one study, the Texas Association of Surgical Skills Lab and Sim-
bionix collaborated to evaluate the feasibility and effectiveness 
of a simulation and web-based endoscopic training curriculum, 
and 41 participants from four institutions who participated in 
this training program demonstrated a significant reduction in 
cecal intubation time.

A study evaluated the face and construct validity of the GI 
Mentor II for ERCP training.55 Twelve participants (six novices 
and six experts) completed two simulated ERCP cases after 
30 min of standardized simulator practice in the presence of a 
single proctor. Two simulated cases required procedures, such 

as common bile duct brushing, balloon dilatation for stricture, 
sphincterotomy, and stent placement. The average rating of the 
simulator by the participants was as follows: graphics (moder-
ately realistic), accuracy (like clinical ERCP), difficulty (similar 
to clinical ERCP), and overall realism (moderately realistic). 
The total procedure time for each case was significantly shorter 
in the expert group than in the apprentice group, demonstrating 
construct validity. However, there was no significant difference 
between the two groups with regard to other metrics, including 
the time to reach the papilla, fluoroscopy time, number of at-
tempts to cannulate the papilla, number of cannulations of the 
pancreatic duct, and contrast injection of the pancreatic duct. 
When the outcomes of the two selected cases were analyzed to-
gether, a significant difference was observed in the total proce-
dure time, time to reach the papilla, and fluoroscopy time. The 
self-assessment scores also improved significantly after training. 
This shows that the endoscopic education curriculum using 
this simulator improves both the subjective and objective skills 
of apprentices.56 

3) EndoSim 
Surgical Science has created a VR model that can implement 
EGD, ERCP, and colonoscopy (EndoSim; Surgical Science, Swe-
den; https://surgicalscience.com/simulators/endosim/). In the 
case of colonoscopy, one can experience cases of difficult cecal 
insertion and learn about biopsies and polypectomy. As various 
types of loops and anatomical colon structures can be imple-
mented, this model is especially useful for endoscopy novices. 
The ERCP module emphasizes bile duct cannulation training. 
After inserting the duodenum with a fluoroscope, cannulation 
of the bile duct in the ampulla of Vater can be practiced using 
split-screen endoscopic and fluoroscopic imaging. A simulation 
of the actual ERCP was created and includes manipulation of 
the guidewire and sphincterotome and injection of dye. Studies 
demonstrating the clinical effectiveness of this simulator have 
not yet been published. 

4) EndoVision 
Similar to other products, EndoVision (K.K. MedVision, Tokyo, 
Japan; https://www.medvisiongroup.com/endovision.html), 
which is MedVision’s VR model, includes EGD, bronchoscopy, 
and colonoscopy modules. In the case of colonoscopy, mod-
ules pertaining to cecal intubation, such as healthy participants 
and loop-shaped colons, are loaded. In addition, modules are 
presented for diagnostic cases encountered in clinical settings, 
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such as polyps, Crohn’s disease, ulcerative colitis, diverticulosis, 
and ischemic colitis. By presenting different types of polyps, it is 
possible to receive assistance in acquiring the treatment endo-
scope, and this simulator can access actual proficiency. None-
theless, no clinical studies of this simulator have been reported 
to date. 

ESTABLISHING A NOVEL SIMULATOR-
INCORPORATED ENDOSCOPY TM 

As previously explained, the SBTM is effective in GI endoscopy 
education. However, depending on the type of the simulator, 
there are numerous common or significant disadvantages; 
thus, the SBTM alone is insufficient to completely replace the 
ABTM.1,4,8,9,14,29 There have been diverse attempts to develop a 
novel simulator-incorporated endoscopy TM, such as simula-
tion-based mastery learning,14,30 progressive learning model,69 
hybrid simulation model,29 integrated simulation,45,70,71 task 
deconstruction,18,20 and gamification69,72; however, the results 
of these developments have not yet been widely acknowledged. 
Nonetheless, it is desirable to develop and operate a modified 
TM that actively incorporates the simulator until a simulator 
with high validity and easy accessibility is developed that can 
completely replace the existing ABTM. An ideal modified TM 
would be an integrated TM in which the SBTM and other TMs, 
especially the improved ABTM, are coordinated to complement 
each other based on the conditions of each country and institu-
tion, and the trainee’s progress. 

CONCLUSIONS 

This article reviewed simulators for GI endoscopy training 
that were available by the end of 2021. The SBTM is effective 
in GI endoscopy education, but there are numerous areas for 
improvement; therefore, the current SBTM is insufficient to 
fully replace the ABTM. Until a high-validity and easy-to-use 
simulator that can completely replace the current ABTM is de-
veloped, it seems preferable to use a simulator-integrated and 
well-coordinated TM that fits the needs of each country and 
institution. 
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Barrett’s esophagus is associated with an increased risk of adenocarcinoma. Thorough screening during endoscopic surveillance is cru-
cial to improve patient prognosis. Detecting and characterizing dysplastic or neoplastic Barrett’s esophagus during routine endoscopy 
are challenging, even for expert endoscopists. Artificial intelligence-based clinical decision support systems have been developed to 
provide additional assistance to physicians performing diagnostic and therapeutic gastrointestinal endoscopy. In this article, we review 
the current role of artificial intelligence in the management of Barrett’s esophagus and elaborate on potential artificial intelligence in 
the future. 
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INTRODUCTION 

Gastroesophageal reflux disease, family history, age, or sex pre-
disposes to Barrett’s esophagus (BE), a complication in which 
stratified esophageal squamous epithelium at the level of the 
gastroesophageal junction is replaced by metaplastic columnar 
epithelium.1,2 BE is a precursor to esophageal adenocarcinoma 
(EAC).3 The incidence of EAC has increased significantly in 
recent years4,5 and is often associated with poor prognosis due 
to delayed diagnosis.3 Risk factors for the progression of BE to 
dysplastic BE or EAC include the length of the BE segment, age, 
ethnicity, lifestyle, and medication.6,7 

The gold standard for diagnosing BE and Barrett’s esopha-
gus-related neoplasia (BERN) is endoscopic evaluation with 

histological confirmation. However, differentiating between 
non-dysplastic BE and BERN can be challenging, even for ex-
pert endoscopists. Existing biopsy strategies are suboptimal, 
with EAC and BE miss rates of >20% and 50%, respectively.8,9 
This is partly attributable to poor compliance with existing 
biopsy protocols and the complexity of differentiation between 
non-dysplastic BE and BERN during endoscopic evaluation.8,9 
Using imaging techniques such as narrow band imaging (NBI) 
with standardized classification systems for BE and BERN can 
help improve the diagnostic performance of endoscopists.10,11 

Additionally, advanced imaging techniques such as chromo-
endoscopy with indigo carmine or acetic acid are valuable 
options and are recommended for high-quality assessment of 
BE (Fig. 1).11-14 However, implementation of advanced imaging 
techniques in daily practice requires extensive experience. Re-
cently, several research groups have developed deep learning 
algorithms to improve the detection and characterization of 
BERN. 

CURRENT STATUS 

Artificial intelligence: a brief introduction 
Time constraints and cost issues have led to the search for more 
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efficient modalities for diagnosis and treatment of patients. To 
this end, artificial intelligence (AI) has become increasingly rel-
evant to the field of medicine, especially for the early diagnosis 
of neoplasia. AI is an umbrella term for a wide range of topics, 
and the general idea is to solve problems using algorithms that 
require characteristics similar to human intelligence, such as 
the ability to learn. Machine learning (ML), as a subdiscipline 
of AI, describes algorithms employed to learn from pre-existing 
data. The field of AI most relevant to medicine, particularly 
endoscopy, is deep learning. Deep learning is a subtype of ML 
and describes a method that aims to solve defined problems 
with little to no supervision using vast amounts of data. Similar 
to the human brain, the applied algorithms or convolutional 
neural networks (CNNs) consist of numerous layers of neurons. 
CNNs learn to recognize certain patterns within the provided 
input data and produce a prediction or output.15 For example, 
in gastrointestinal (GI) endoscopy, the output could predict the 
dignity of an observed lesion and differentiate between neo-

plasia and non-neoplasia. This task is called computer-aided 
diagnosis (CADx). Meanwhile, identifying the lesion of interest 
is called computer-aided detection (CADe).16 One way to quan-
tify the accuracy of an AI system during CADe is to determine 
the intersection over union (IOU). It compares the ground 
truth represented by a box with the output of the AI algorithm 
represented by a bounding box. IOU is the result of the division 
of the “area of overlap” by the “area of union”.17 Another way to 
quantify the accuracy of object detection is the Dice coefficient 
(or Sørensen-Dice coefficient), which is calculated by dividing 
the area of union by the total number of pixels in the individual 
areas.18 

Relevance of AI for diagnostic purposes in Barrett’s esoph-
agus 
Detecting high-grade dysplasia (HGD) and EAC during endos-
copy is difficult and challenging. Considering the consequences 
of false negative results or missed lesions a “second opinion” 

Fig. 1. Images of Barrett’s esophagus-related neoplasia during endoscopy with an Olympus Evis X1 system (Olympus, Tokyo, Japan) in 
high-definition white light endoscopy (A), narrow band imaging (B), acetic acid chromoendoscopy (C), and chromoendoscopy with indigo 
carmine (D).

AA

CC

BB

DD

Meinikheim et al. Barrett’s esophagus and artificial intelligence

15



during endoscopic examination is an appealing thought. 
van der Sommen et al.19 developed a pattern recognition-based 

AI system that could detect EAC on images of BE with a sensi-
tivity and specificity of >80%. de Groof et al.20 developed an AI 
system based on a CNN that outperformed general endosco-
pists during an image-based trial with a sensitivity of 93% and 
specificity of 72%, compared to endoscopists with a sensitivity 
of 88% and specificity of 73%. In a follow-up study, the same 
group achieved a sensitivity, specificity, and accuracy of 91%, 

89%, and 90%, respectively, in the differentiation between BE 
and BERN on high-definition white light endoscopy (HD-
WLE) images.21 Similarly, several other groups have successful-
ly differentiated BE from BERN during image-based studies. 
Hashimoto et al.22 managed to classify BE correctly with a sen-
sitivity, specificity, and accuracy of 96.4%, 94.2%, and 95.4%, 
respectively. Furthermore, they managed to detect with an IOU 
of 0.3 and a mean average precision of 0.75. Iwagami et al.23 fo-
cused on an Asian population and developed an AI system that 

AA

BB CC

Fig. 2. Detection and characterization of Barrett’s esophagus-related neoplasia during endoscopy with Olympus Evis X1 system using an AI 
system developed by the University Hospital of Augsburg and Ostbayerische Technische Hochschule Regensburg (OTH-Regensburg) with 
classification and segmentation in narrow band imaging (A), texture and color enhancement imaging (B) and high-definition white light en-
doscopy (C). The corresponding heatmaps are available at the top left corner of the user interface.
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detects cancer at the esophagogastric junction with a sensitivity, 
specificity, and accuracy of 94%, 42%, and 66%, respectively. 
This study was conducted using 232 HD-WLE still images of 
36 cancer and 43 non-cancer cases. The performance was com-
pared to that of experts with a sensitivity, specificity, and accu-
racy of 88%, 43%, and 63%, respectively. 

Ghatwary et al.24 compared the different methods used for 
the CNN-based development of CADe. On 100 HD-WLE still 
images, the single-shot multibox detector performed better 
(sensitivity, specificity, and F-score: 96%, 92%, and 0.94, respec-
tively) than other region-based CNNs. 

Struyvenberg et al.25 developed an AI system that could clas-
sify BE and BERN using NBI with a sensitivity, specificity, and 
accuracy of 88%, 78%, and 84%, respectively. Hussein et al.26 
trained their CNN with BE and BERN images in HD-WLE and 
optical chromoendoscopy (i-scan from Pentax Hoya, Tokyo, 
Japan). They achieved a sensitivity, specificity, and area under 
the receiver operator curve of 91%, 79%, and 93%, respectively, 
during a classification task. In the same study, their CNN had 
an average Dice score of 50% during the segmentation task.26 

Ebigbo et al.27 used HD-WLE images, NBI images, and 
texture and color enhancement imaging for training a CNN. 
Hence, they can offer multimodal CADe and CADx with 
promising results. Initial studies based on still images with HD-
WLE—images from the data of the Medical Image Computing 
and Computer Assisted Interventions Society demonstrated 
a sensitivity and specificity of 92% and 100%, respectively. 
In a study with an independent data set from the University 
Hospital of Augsburg, these results could be reproduced using 
HD-WLE images (sensitivity/specificity of 97%/88%) and NBI 
images (sensitivity/specificity of 94%/80%). Subsequently, the 
algorithm demonstrated its potential for real-life applications. 
The AI system captured images randomly off an endoscopic 
live stream and differentiated BE from EAC with an accuracy of 
89.9%.28  

During the early phase of this research field, even though 
several AI systems were able to demonstrate promising results 
in preclinical and pilot-phase clinical studies, AI algorithms 
were mostly only able to offer a per-image evaluation of BE and 
BERN. Ebigbo et al.29 were one of the first research groups to 
differentiate BE from BERN in 3 different imaging modalities 
in real time (Fig. 2). 

Differentiating between T1a and T1b lesions during endo-
scopic examination is extremely difficult. Ebigbo et al.30 devel-
oped an algorithm that was able to differentiate T1a from T1b 

adenocarcinoma in an image-based pilot study on 230 HD-
WLE images with a sensitivity, specificity, F1-score, and accura-
cy of 77%, 64%, 74%, and 71%, respectively. This performance 
was comparable to that of expert endoscopists. A meta-analysis 
that included 6 studies with 561 endoscopic images of patients 
with BE was published by Lui et al.31 Three studies used CNN 
as the backbone, whereas 3 used a non-CNN backbone. Over-
all, pooled sensitivity and specificity were approximately 86% to 
88% and 86% to 90% respectively, demonstrating the promising 
potential of AI systems for detecting neoplastic lesions in BE.31 
Nevertheless, although a meta-analysis generally incorporates 
data from different trials, comparing AI studies in the preclini-
cal phase is particularly difficult because of the heterogeneity of 
data samples and the algorithms used for the various trials. This 
meta-analysis was published in 2020, and since then, more data 
have emerged on this topic. 

Volumetric laser endomicroscopy (VLE) is an advanced im-
aging method that applies the principles of optical coherence 
tomography.32 In an observational study conducted by Smith 
et al.,33 VLE-guided biopsy improved, compared to random 
biopsies, the detection of BERN by 700% in cases where with 
other imaging methods no visual cues for neoplasia had been 
detected. However, the application of VLE and the interpreta-
tion of acquired information require practice and experience. 
Therefore, several research groups have attempted to address 
this problem using AI. Trindade et al.34 were one of the first to 
develop an AI system that could detect and demarcate previ-
ously determined characteristics of dysplasia on VLE images. 
In a case report of a patient with long-segment BE with no 
visual cues on HD-WLE or NBI and negative random biopsies, 
VLE-guided histological acquisition demonstrated focal low-
grade dysplasia. Struyvenberg et al.35 developed an AI system 
with a sensitivity of 91% and specificity of 82% compared to 
VLE experts with a pooled sensitivity and specificity of 70% 
and 81%, respectively. 

During a pilot clinical study with a manufactured spectral 
endoscope, Waterhouse et al.36 tested an AI system that could 
differentiate the spectra of BE from those of BERN with a sensi-
tivity of 83.7% and a specificity of 85.5%. 

Beyond preclinical and pilot phase clinical trials, several AI 
systems have already been approved for clinical use and are 
now commercially available. WISE VISION (NEC Corp, Tokyo, 
Japan) was developed and can differentiate between BE and 
BERN, and offers a visual representation of the area that has 
been classified as HGD or neoplastic. AI system was developed 

Meinikheim et al. Barrett’s esophagus and artificial intelligence
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(CADU, Odin Medical Ltd, London, UK) that can differentiate 
BE from BERN and offers a visual representation when the ob-
served image is deemed dysplastic. 

As more researchers are currently in the preclinical phase 
or on the verge of clinical trials, a standardized way to ensure 
minimum requirements during the development process and 
later in terms of performance is urgently needed. The American 
Society for Gastrointestinal Endoscopy developed a guideline, 
the Preservation and Incorporation of Valuable Endoscopic 
Innovations, for the integration of new imaging technology in 
the context of BE. For technologies that intend to replace ran-
dom biopsies with targeted biopsies, a minimum performance 
of 90% sensitivity, 98% negative predictive value, and 80% 
specificity for HGD or EAC is recommended.37 In addition to 
standardized threshold performance requirements, guidelines 
that ensure quality standards during the developmental process 
of AI systems are urgently needed (Table 1).19-23,25-28,30,35,36   

Computer-aided quality control of upper gastrointestinal 
endoscopy  
AI has the potential to improve various aspects of GI endosco-
py such as inter-examiner variability. For example, Pan et al.38 

developed an AI system that automatically identifies the squa-
mous-columnar junction and gastroesophageal junction on 
images. Ali et al.39 worked on an AI system that automatically 
determined the extension of the BE according to the Prague 
classification. With the extension of BE as a relevant factor for 
risk stratification, AI-assisted standardized and automated re-
porting has the potential to significantly improve patient care. 

Additionally, a complete examination with thorough inspec-
tion is crucial to avoid missed lesions. The European Society of 
Gastrointestinal Endoscopy and British Society of Gastroenter-
ology recommend photo documentation of specific landmarks 
during upper GI endoscopy.40,41 According to the European 
Society of Gastrointestinal Endoscopy, a photo documentation 
rate of ≥90% is recommended to meet the minimum quality re-
quirements for upper GI endoscopy.41 Incomplete examinations 
during upper GI endoscopy can lead to an increased cancer 
miss rate. AI applications have the potential to provide imme-
diate feedback on the quality of endoscopic examinations. Wu 
et al.42 developed an AI system, WISENSE, that can detect blind 
spots, document examination time, and automatically record 
images for photo documentation during the procedure. A ran-
domized controlled trial compared upper GI endoscopy with 
or without the support of WISENSE and demonstrated a lower 
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blind spot rate in the group that received support from the AI 
system (Table 2).38,39,42 

Limitations 
Despite currently several research teams being on the verge 
of clinical studies and real-life applications, their good results 
from preclinical studies are often limited to data from their 
own centers. This is particularly relevant when AI systems are 
commercially available and used at different centers. More-
over, during development, a heterogeneous set of data with 
not only a tremendous number of frames but also a sufficient 
number of different cases is important for the robustness of an 
AI system. 

Furthermore, to date, no standardized method for evaluating 
the performance of an AI system has been created, thus indicat-
ing an urgent need to establish standardized evaluation meth-
ods. This also includes uniform terminology when describing 
the methods and results of the respective studies. 

CONCLUSIONS 

Modern medicine, with its ever-growing complexity coupled 
with limited human and material resources, is urgently needed 
for more efficient workflow while maintaining a high level of 
patient care. AI may help to solve some of these problems. Cur-
rent AI applications are not being developed to replace human 
physicians but to support physicians during complex diagnostic 
and therapeutic processes. Correct interpretation of the addi-
tional information provided by AI systems is crucial for optimal 
performance. Human-computer interaction should be a focus 
during the development of AI systems as the performance is. 
Creating AI systems that seamlessly integrate themselves into 
the daily routine of examiners is important. Furthermore, of-
fering feedback on the confidence of an AI system in its current 
prediction is crucial. AI systems are only as good as the data in-
put they receive, and low-quality data result in lower diagnostic 
performance. Although most AI systems for BE and BERN are 
still in the initial and preclinical phases, the immense potential 

of AI in routine clinical practice is evident. In the future, AI will 
optimize endoscopic practice and improve long-term patient 
outcomes. 
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Submucosal endoscopy or third-space endoscopy utilizes the potential space between the mucosal and muscularis layers of the gastro-
intestinal tract to execute therapeutic interventions for various diseases. Over the last decade, endoscopic access to the submucosal 
space has revolutionized the field of therapeutic endoscopy. Submucosal endoscopy was originally used to perform endoscopic myoto-
my in patients with achalasia cardia, and its use has grown exponentially since. Currently, submucosal endoscopy is widely used to re-
sect subepithelial tumors and to manage refractory gastroparesis and Zenker’s diverticulum. While the utility of submucosal endoscopy 
has stood the test of time in esophageal motility disorders and subepithelial tumors, its durability remains to be established in condi-
tions such as Zenker’s diverticulum and refractory gastroparesis. Other emerging indications for submucosal endoscopy include esoph-
ageal epiphrenic diverticulum, Hirschsprung’s disease, and esophageal strictures not amenable to conventional endoscopic treatment. 
The potential of submucosal endoscopy to provide easy and safe access to the mediastinum and peritoneal spaces may open doors to 
novel indications and rejuvenate the interest of endoscopists in natural orifice transluminal endoscopic surgery in the future. This re-
view focuses on the current spectrum, recent updates, and future direction of submucosal endoscopy in the gastrointestinal tract. 

Keywords: Endoscopy; Esophageal achalasia; Myotomy; Zenker diverticulum
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INTRODUCTION 

The submucosal or third space is a virtual space between the 
mucosa and muscularis layer that can be expanded using 
various injectable solutions and accessed endoscopically. The 
submucosal space provides the opportunity to manage various 
pathological conditions involving the submucosal and muscular 
layers and beyond. The concept of submucosal endoscopy orig-
inated approximately one and a half decades ago when Sumi-
yama et al.,1,2 in their seminal work on porcine models, showed 
that the peritoneal cavity and mediastinum could be success-

fully accessed via submucosal endoscopy, with the defect being 
completely sealed using the mucosal flap. The authors coined 
the term “submucosal endoscopy with mucosal flap safety valve 
(SEMF)”. Subsequently, Pasricha and colleagues suggested that 
the submucosal space may be exploited to perform endoscop-
ic esophageal myotomy as a potential treatment in cases of 
achalasia.3 Inoue and colleagues are credited with performing 
the first human submucosal endoscopic myotomy in cases of 
achalasia cardia and coining the term per-oral endoscopic my-
otomy (POEM).4 Over the last decade, the use of submucosal 
endoscopy has witnessed exponential growth, and it is now be-
ing utilized for a number of gastrointestinal (GI) diseases such 
as esophageal motility disorders, subepithelial tumors (SETs), 
Zenker’s diverticulum, and refractory gastroparesis (Fig. 1).5 

This review focuses on the current spectrum, recent updates, 
and future directions of submucosal endoscopy in the GI tract.  
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Esophagus
• Zenker's diverticulum
• Subepithelial tumors
• Achalasia cardia
• Strictures

Stomach
• Refractory gastroparesis
• Subepithelial tumors

Rectum
• Hirschsprung's disease

Fig. 1. Current spectrum of submucosal endoscopy in gastrointesti-
nal tract.

Fig. 2. Technique of per-oral endoscopic myotomy in esophageal motility disorders. (A) Submucosal lifting injection using an injection nee-
dle. (B) Mucosal incision using a triangular knife. (C) Submucosal tunneling using a triangular knife. (D) Control of intraprocedural bleeding 
using coagulation forceps. (E) Selective circular (upper part) and full-thickness myotomy. (F) Closure of the mucosal incision with endoclips.

CURRENT SPECTRUM OF SUBMUCOSAL 
ENDOSCOPY  

Esophagus 
In the GI tract, submucosal endoscopy is most widely used in 
the esophagus. The major indications of submucosal endos-
copy in the esophagus include POEM for esophageal motility 
disorders, submucosal tunneling endoscopic resection (STER) 
for SETs, submucosal tunneling with endoscopic division of 
septum in cases of Zenker’s diverticulum (Z-POEM) and epi-
phrenic diverticulum (diverticular [D]-POEM), and tunneling 
technique for restoration of the esophagus. 

1) Esophageal motility disorders (POEM) 
POEM has emerged as a safe and effective modality for the pal-
liation of symptoms in cases of achalasia and other non-acha-
lasia esophageal motility disorders such as diffuse esophageal 
spasm, jackhammer esophagus, and esophagogastric junction 
outflow obstruction. The POEM technique is based on the 
principles of SEMF and involves submucosal lifting, mucosal 
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incision, submucosal tunneling, myotomy, and closure of the 
mucosal incision (Fig. 2). Multiple studies with short-term 
follow-ups have confirmed the safety and efficacy of POEM in 
esophageal motility disorders. Major adverse events (AEs) are 
rare with POEM and range from 0.5% to 3% in large studies 
using a standardized definition for defining AEs.6-8 The safety 
and efficacy of POEM has also been established in the pediatric 
age group,9 elderly population,10 spastic esophageal motility dis-
orders,11 patients with prior treatment failure,12 and those with 
sigmoid achalasia.13 

Emerging data indicate that the response to POEM is dura-
ble at long-term follow-ups. The long-term clinical success of 
POEM in recent studies has ranged from 72% to 96% at fol-
low-up durations of 36 to 120 months (Table 1).13-29 POEM has 
also been compared to pneumatic dilatation (PD) and Heller’s 
myotomy (HM) in several retrospective cohort studies, suggest-
ing a similar or even superior efficacy of POEM.30 More recent-
ly, two landmark randomized trials compared POEM to PD 
and HM.31,32 In the randomized trial comparing POEM and PD, 
POEM was more effective than PD at the two-year follow-up 
(92% vs. 54%).31 POEM and HM were equally effective after 
two years in another randomized trial comparing these modali-

ties (83% vs. 82%).32 Of note, the incidence of gastroesophageal 
reflux disease (GERD) was higher after POEM in both studies 
(POEM, 41% vs. PD, 7% and POEM, 44% vs. HM, 29%). There 
are ample data to support the safety and efficacy of POEM in 
achalasia, and current international guidelines acknowledge the 
role of POEM as a frontline treatment modality along with PD 
and HM.33-37 

2) Zenker’s diverticulum (Z-POEM) 
The management options for Zenker’s diverticulum include 
surgery, rigid endoscopic diverticulotomy, and flexible endo-
scopic septotomy (FES). Among these, FES has gained wide-
spread acceptance owing to its excellent safety and efficacy. 
However, symptoms recur in up to a third of patients after FES 
and are mainly attributed to incomplete division of the crico-
pharyngeal septum.38-40 More recently, submucosal endoscopy 
has been described in cases with Zenker’s diverticulum (Z-PO-
EM) with encouraging results. The Z-POEM technique is sim-
ilar to esophageal POEM for achalasia cardia. Briefly, the steps 
of Z-POEM include submucosal injection (saline with indigo 
carmine) 1 to 2 cm proximal to the septum, mucosal incision, 
submucosal tunneling along the Zenker’s pouch as well as along 

Table 1. Long-term outcomes of per-oral endoscopic myotomy in esophageal motility disorder

Study Country,  
study design n Age (yr) Type of motility 

disorder
Reflux  

esophagitis  
(%)

Clinical  
success  

(%)
Follow-up (mo)

Guo et al. (2017)14 China, R 67 40.7±15.3 I 13, II 50, III 4 13.4 88.1 40.1±2.8
Hernández Mondragón et al. (2017)15 Mexico, R 65 47 (20–81) I 19, II 34, III 12 15.4 72 48
Teitelbaum et al. (2018)16 USA, R 36 54.5 (20–88) I 10, II 17, DES 2, 

EGJOO 7
13 79.3 65 (60–76)

Liu et al. (2020)17 China, R 1,538 40.3±14.5 I 466, II 964, III 
108

22.6 92.9 42

Brewer Gutierrez et al. (2020)18 Multicenter, R 146 49.8±16 I 41, II 70, III 9 16.8 95.2 55 (49.9–60.6)
Podboy et al. (2021)21 USA, R 55 59.18±2.4 I 13, II 23, III 15, 

US 2, EGJOO 1, 
DES 1

3.6 72.7 47.3±13.8

Nabi et al. (2021)23  India, R 74 43.5±16.09 III 53, DES 11, 
JHE 10

48.6 90.5 47.5 (2–77)

Onimaru et al. (2021)24 Japan, R 15 49.7±15.9 NR NR 73.3 ≥120
McKay et al. (2021)25 USA, P 100 57 (20–88) I 29, II 41, III 5, 

EGJOO19, DES 
6

NR 79 72 (66–82)

Campagna et al. (2021)27 USA, R 100 53 I 27, II 58, III 16 33.3 88 55
EGJOO 8, JHE 4, 

DES 1
Values are presented as mean±standard deviation or median (range). 
R, retrospective; DES, diffuse esophageal spasm; EGJOO, esophagogastric junction outflow obstruction; NR, not reported; JHE, jackhammer esophagus; P, 
prospective; US, unspecified.
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the esophageal side, division of the septum, and closure of 
the incision with endoclips (Fig. 3). A crucial modification in 
the Z-POEM technique (over the septum technique) involves 
submucosal elevation and mucosal incision on the top of the 
cricopharyngeal septum. This approach may be technically eas-
ier because of space restrictions, which impede the creation of a 
proximal entry in the conventional approach. Other modifica-
tions include hybrid Z-POEM in cases with submucosal fibrosis 
due to previous treatment and incision of the mucosa after 
POEM to reduce recurrences arising as a result of a remnant 
mucosal pouch.41  

The proposed advantage of Z-POEM is its ability to com-
pletely divide the cricopharyngeal septum, which may reduce 
recurrence in the future. Moreover, preservation of the mucosa 
reduces the risk of intraprocedural perforations. Several studies 
have evaluated the safety and efficacy of Z-POEM in patients 
with Zenker’s diverticulum.42-49 In these studies, the clinical 
success rate was 91% to 100% at a mean follow-up of 3 to 10 
months (Table 2).42-49 Meanwhile, AEs related to Z-POEM have 
been reported in 0% to 13.6% of cases. Although there are no 
randomized trials comparing Z-POEM and FES, a few retro-
spective comparative studies have suggested that clinical success 
is comparable between the two techniques.47-49 

3) Esophageal epiphrenic diverticulum (D-POEM) 
Esophageal epiphrenic diverticulum (EED) is a type of diver-
ticulum that develops in the distal part of the esophagus and 
is typically associated with motility disorders. Surgery is the 
mainstay of EED management. While surgical options (thora-
cotomy or laparoscopy) provide symptom relief in most cases, 
high morbidity, especially leaks, remains an important concern. 
Submucosal endoscopy has emerged as a minimally invasive 
treatment option for patients. Broadly speaking, the technique 
of D-POEM is similar to that described for Zenker’s diverticu-
lum. A key difference is that myotomy of the lower esophageal 
sphincter is also performed in addition to dividing the septum 
in selected cases with evidence of high integrated relaxation 
pressure. Several studies have described the results of D-POEM 
for EED.50-52 Nabi et al.52 described the outcomes of D-POEM 
in thirteen cases with EED. A co-existing esophageal motility 
disorder was evident in three-fourths of cases. At a median fol-
low-up of 25 months, clinical success was achieved in 84.6% of 
cases. While septotomy appears to be an integral step of D-PO-
EM, several recent studies suggest that myotomy of the lower 
esophageal sphincter without septotomy may provide adequate 
symptom relief.53,54 There are no data comparing the two ap-
proaches; therefore, it may be prudent to individualize the man-
agement approach in these cases. In a recent review, Samanta 
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Fig. 3. Submucosal tunneling with division of cricopharyngeal septum in a case of Zenker’s diverticulum. (A) Endoscopic image revealing the 
cricopharyngeal septum. (B) Submucosal lifting injection proximal to the septum. (C) Mucosal incision using an electrosurgical knife. (D) 
Submucosal tunneling along the diverticulum pouch. (E) Submucosal tunneling along the esophageal side and complete exposure of the sep-
tum. (F) Division of the cricopharyngeal septum using an electrosurgical knife. (G) Completion of cricopharyngeal myotomy. (H) Closure of 
mucosal incision with multiple endoclips.
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et al.55 proposed a tailored approach to EED based on the size 
of the diverticulum and the presence or absence of esophageal 
motility disorder with a non-relaxing lower esophageal sphinc-
ter. The authors suggested that septotomy may be avoided in 
cases with small diverticula and non-relaxing lower esophageal 
sphincter. Septotomy should be considered in cases with a large 
EED without evidence of motility disorder. 

4) Refractory esophageal strictures (per-oral endoscopic tun-
neling for restoration of the esophagus) 
Complete esophageal obstructions involving a long segment of 
the esophagus (>3 cm) are difficult to manage using currently 
available endoscopic techniques. In such cases, Wagh and col-
leagues reported the utility of submucosal endoscopy to restore 
the esophagus i.e. per-oral endoscopic tunneling for restoration 
of the esophagus (POETRE).56,57 In a small series including 
four cases with complete and long (>3 cm) segment esophageal 
obstruction, significant improvement in dysphagia was noted 
in all patients who underwent POETRE.57 Subsequently, other 
authors have reported the technical feasibility and efficacy of 
POETRE.58 Briefly, the technique of POETRE is as follows. 
Initially, the length of the obstructed segment is estimated by 
calculating the distance between the tips of the endoscopes 
inserted per-orally and via the gastrostomy site under fluoro-
scopic guidance. Depending on the location of the stricture, 
antegrade or retrograde (via the gastrostomy site) tunneling is 
performed starting a few centimeters proximal to the stricture 
site. Once the stenotic area is reached, careful dissection of the 
fibrotic scar tissue is performed until the other end of the stric-
ture is reached. Fluoroscopic visualization of the endoscope 
at the other end of the stricture provides guidance during the 
dissection of fibrotic tissue. The aim of submucosal endoscopy 
in these cases is to traverse the strictured segment, after which 

a fully covered self-expandable metal stent is placed across the 
stricture. This restores the patency of the esophagus and allows 
the initiation of oral feeding. The metal stent is removed after 3 
to 4 weeks. Subsequently, esophageal dilatations are performed 
at regular intervals to maintain the patency of the esophagus.  

Stomach  
The major indications for submucosal endoscopy in the stom-
ach include resection of SETs and management of refractory 
gastroparesis. 

1) Refractory gastroparesis (gastric POEM or per-oral endo-
scopic pyloromyotomy) 
A sizable proportion of patients with gastroparesis do not re-
spond to conservative treatment, such as optimization of gly-
cemic control, dietary modifications, and prokinetics, and are 
classified as having refractory gastroparesis. The management 
of refractory gastroparesis is challenging and often unsatis-
factory. The frontrunners in the management of refractory 
gastroparesis include gastric electrical stimulation (GES) and 
laparoscopic pyloroplasty, which has been shown to be a safe 
and effective treatment options in recent studies.59,60 Encourag-
ing results with surgical pyloroplasty propelled the evaluation 
of per-oral endoscopic pyloromyotomy (POP) or gastric POEM 
(G-POEM) in the management of refractory gastroparesis. 

The technique of G-POEM is essentially similar to that of 
esophageal POEM and involves mucosal incision, tunneling, 
and myotomy of the pyloric sphincter (Fig. 4). The convention-
al G-POEM technique involves a greater curvature approach. 
Modifications in technique include a lesser curvature approach 
to pyloromyotomy and performing double pyloromyotomy in-
stead of single pyloromyotomy.61,62 The advantages of modified 
techniques over and above the conventional technique remain 

Table 2. Outcomes of submucosal tunneling and division of the septum in cases of Zenker’s diverticulum
Study n Size (mm) Procedure time (min) Adverse  events (%) Clinical success (%) Follow-up (mo)
Repici et al. (2020)42 20 17.5 13.8 0 100 12
Yang et al. (2020)43 75 31.3 52.4 6.7 92.0 9.7
Budnicka et al. (2021)44 22 30 48.8 13.6 90.9 3
Elkholy et al. (2021)45 24 40 61 0 95.8 10
Sanaei et al. (2021)46 32 29.4 47.7 12.5 96.7 5.5
Mittal et al. (2021)47 24 27 NR 16.7 90.9 5.7
Al Ghamdi et al. (2022)48 119 34.8 46.1 16.8 92.7 NR
Kahaleh et al. (2022)49 52 NR 42.5 9.6 92.0 3.4

NR, not reported.
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to be seen in controlled trials. Overall, G-POEM is a safe pro-
cedure, and most AEs are mild (abdominal pain, mucosotomy, 
and capnoperitoneum).63 

Multiple studies with short-term follow-up suggest the safety 
and efficacy of G-POEM (Table 3).64-69 In a systematic review 
including ten studies (292 patients), symptomatic improvement 
was achieved in 83.9% of cases at a pooled mean follow-up 
duration of 7.8±5.5 months.70 However, there are limited data 
on the long-term outcomes of G-POEM. Some of the recent 
studies have indicated that the efficacy of G-POEM may decline 
at a longer follow-up duration i.e., >1 year. In these studies, the 
clinical efficacy of G-POEM ranged from 48% to 69% at the 
one-year follow-up.64-69 The modest efficacy of G-POEM sug-
gests the urgent need to determine the predictors of response 
after G-POEM to optimize its use in clinical practice. In a 
well-conducted, prospective, multicenter study, a baseline gas-
tric cardinal symptom index score >2.6, gastric retention >20% 
at 4 hours, and early response to G-POEM at 1 month after 
therapy were independent predictors of clinical success at 12 

months.68 In another prospective multicenter study, a predictive 
score was devised using several factors, including nausea, early 
satiety, bloating, and gastric retention at 4 hours on scintigra-
phy.69 Patients with scores ≥2 were significantly more likely to 
be responders at 3 years than patients with scores <2 (80% and 
18%, respectively; p=0.001). The predictors of clinical success 
or failure identified in these studies need to be validated in fu-
ture studies. 

No randomized trial has compared G-POEM with other treat-
ment modalities for refractory gastroparesis such as GES and 
surgical pyloroplasty. Limited data indicate that G-POEM may 
be superior to GES and equally effective to surgical pyloroplasty 
with the advantage of fewer AEs.71-73 

2) Subepithelial tumors (STER) 
Endoscopic resection techniques for SETs in the upper GI tract 
include endoscopic submucosal dissection, endoscopic sub-
mucosal excavation (ESE), endoscopic full-thickness resection, 
and STER. Of these, STER utilizes the principles of SEMF for 
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Fig. 4. Gastric per-oral endoscopic myotomy in a case of refractory gastroparesis. (A) Submucosal lifting injection 3 to 4 cm proximal to the 
pylorus. (B) Submucosal tunneling towards the pylorus. (C) Visualization of the pyloric sphincter. (D) Confirmation of extension of submu-
cosal tunnel beyond the pyloric sphincter. (E) Execution of endoscopic pyloromyotomy. (F) Endoscopic appearance of the pyloric sphincter 
after pyloromyotomy. Courtesy by Harshal Mandavdhare (Associate Professor, Post Graduate Institute of Medical Education and Research, 
Chandigarh, India).
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resection of upper GI SETs (Fig. 5). The safety and efficacy of 
STER for SETs were confirmed in a recent systematic review 
and meta-analysis wherein the complete resection and en-bloc 
resection rates were 97.5% and 94.6%, respectively.74 Major AEs 

were uncommon, and minor AEs included insufflation-related 
AEs (14.8%) and perforation (5.6%).  

Several studies have compared STER with other treatment 
modalities, such as ESE and video-assisted thoracoscopic sur-

Table 3. Outcomes of gastric per-oral endoscopic myotomy in refractory gastroparesis

Study Study design n Age (yr) Etiology (%) Clinical  
success (%)

Adverse  
events (%) Predictors of success or failure

Mekaroonkamol et al. 
(2019)64

Retrospective, 
single center

40 47.7±15.5 DG: 62.5 80.0 at 1 mo 7.5 Success: predominant nausea/
vomiting and shorter duration of 
disease

NDG: 37.5 57.1 at 1 yr
70.0 at 1.5 yr

Gregor et al. (2021)65 Prospective, single 
center

52 48 (25–80) DG: 40.5 58.0 at 6 mo 5.8 Failure: longer duration of  
symptomsNDG: 59.5 48.0 at 1 yr

Abdelfatah et al. 
(2021)66

Retrospective, 
single center

90 42.4±12.6 DG: 42.2 81.0 at 3–6 mo 4.4 Failure: high BMI and use of  
psychiatric medicationsNDG: 57.8 69.1 at 1 yr

Ragi et al. (2021)67 Retrospective,  
multicenter

76 56 (43–64) DG: 34.2 65.8 at 1 yr 6 Success: high preoperative GCSI 
satiety subscale score

NDG: 65.8 Failure: high rate of gastric  
retention at 4 hours

Vosoughi et al. (2022)68 Prospective,  
multicenter

80 49.3±14.9 DG: 23.8 57.5 at 1 mo 6.2 Success: baseline GCSI Score >2.6 
and baseline gastric retention 
>20% at 4 hours

NDG: 76.2 56.0 at 1 yr

Labonde et al. (2022)69 Prospective,  
multicenter

46 54±15.9 DG: 32.6 65.2 at 3 yr NR Success: cases with predictive score 
≥2NDG: 67.4

Values are presented as mean±standard deviation or median (range).
DG, diabetic gastroparesis; NDG, non-diabetic gastroparesis; BMI, body mass index; GCSI, gastric cardinal symptom index; NR, not reported.
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Fig. 5. Submucosal tunneling endoscopic resection in a case of esophageal subepithelial tumor. (A) Endoscopic appearance of the mid-esoph-
ageal subepithelial lesion. (B) Submucosal lifting injection 2 to 3 cm above the subepithelial lesion. (C) Vertical mucosal incision using a trian-
gular knife. (D) Submucosal tunneling along the presumed orientation of the subepithelial lesion. (E) Exposure of the subepithelial tumor. (F) 
Dissection of the tumor from surrounding attachments. (G) Retrieval of the tumor using a polypectomy snare. (H) Closure of the mucosal 
incision using endoclips.
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Fig. 6. Individualized approach to gastric subepithelial lesions. Note 
the preferred location of gastric submucosal lesions for ESE and 
STER (from Lu et al. PLoS One 2015;10:e011987077). ESE, endoscop-
ic submucosal excavation; STER, submucosal tunneling endoscopic 
resection.
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Fig. 7. Per-rectal endoscopic myotomy in a patient with Hirschsprung’s disease. (A) Submucosal lifting injection. (B) Transverse mucosal 
incision 1 to 2 cm above the anal verge. (C) Submucosal tunneling with arrows indicating the muscle layer. (D) Completion of submucosal 
tunneling. (E) Full-thickness myotomy. (F) Closure of the mucosal incision using endoclips. Courtesy by Mohan Ramchandani (Consultant 
Gastroenterologist, Asian Institute of Gastroenterology, Hyderabad, India).

gery (VATS). In retrospective comparison studies, STER has 
been equally effective to ESE and VATS.75 The advantages of 
STER over ESE include preservation of mucosa, reduced rate of 
perforation, and easier closure of the mucosal defect. However, 
STER may be associated with a longer operating time and may 
be unsuitable for tumors located in the distal fundus or lesser 
curvature (Fig. 6).76,77 In studies comparing STER to VATS for 
esophageal SETs, STER has been associated with a shorter pro-
cedure duration, lower cost, and shorter hospital stay.78,79 

In conclusion, an individualized approach is warranted for 
esophagogastric SETs. ESE may be preferred to STER in tumors 
located in the distal fundus or lesser curvature, and VATS may 
be a better option for esophageal SETs with a minor axis di-
ameter >30 mm or tumor mass index (major axis×minor axis) 
>1,000.79,80 

Rectum 

1) Hirschsprung’s disease (per-rectal endoscopic myotomy) 
Hirschsprung’s disease (HD) or congenital megacolon results 

ESE

ESE

STER

STER or ESE
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from the failed migration of colonic ganglion cells, resulting 
in the inability of a colonic segment of varying length to relax, 
leading to functional colonic obstruction. The aganglionic seg-
ment is usually localized in the rectosigmoid region; therefore, 
an endoscopic approach appears intuitive in HD. Bapaye et al.81 
reported the use of submucosal endoscopy in nine cases with 
HD and coined per-rectal endoscopic myotomy (PREM).81 In 
their study, the mean length of the aganglionic segment was 
6.3 cm, and all patients successfully underwent PREM with a 
mean procedure duration of 96 minutes and no major intraop-
erative AEs. At a median follow-up of 17 months (range, 9–58 
months), the stool frequency improved and the requirement for 
laxatives was reduced in all cases. 

The PREM technique is illustrated in Figure 7. First, the 
length of the aganglionic segment is estimated using serial bi-
opsies at 2–3-cm intervals in the rectum. The technique of en-
doscopic biopsy has previously been described by the authors of 
this review.82,83 The subsequent steps are similar to esophageal 
POEM and include mucosal incision and submucosal tunneling 
until the predetermined extension of the aganglionic segment 
followed by myotomy and closure of the mucosal incision with 
endoclips (Fig. 7). Caution is advised while performing myot-

omy close to the anal verge to avoid inadvertent damage to the 
external anal sphincter. Barring this study, the data are limited 
regarding the utility of PREM in HD. Therefore, large-scale 
studies with long-term follow-ups are required before PREM 
can be advocated in routine clinical practice. 

SUBMUCOSAL ENDOSCOPY: RECENT 
ADVANCES 

The field of submucosal endoscopy is over a decade old. How-
ever, new information and advancements are constantly enrich-
ing the wisdom of third-space endoscopists. In this section, we 
discuss the recent progress in submucosal endoscopy (Table 4). 

While the safety and efficacy of POEM have been established 
in studies published over the last decade, more recent studies 
have focused on the efficacy of short esophageal myotomy,84-87 
prevention of postoperative GERD, and the utility of the endo-
luminal functional lumen imaging probe (EndoFLIP) in pre-
dicting the outcomes of POEM.88-91 

The length of esophageal myotomy during POEM is usually 
6 to 8 cm based on the initial description of the procedure by 
experts. However, the same is not evidence-based, and recent 

Table 4. Recent updates and future directions on submucosal endoscopy in the gastrointestinal tract
Disease Procedure Update Future directions
Achalasia cardia POEM Short and long esophageal myotomy are 

equally effective in type I/II achalasia
Long-term outcomes of POEM especially 

with reference to gastroesophageal reflux; 
modified techniques for prevention of 
GERD

Single dose of antibiotic prophylaxis may be 
sufficient before POEM

POEM is superior to PD and equivalent to 
HM at 2-years follow-up

Subepithelial tumors STER/POET Transesophageal resection of mediastinal 
cysts and extraluminal tumors is feasible

Randomized comparison with endoscopic 
submucosal excavation, predictors of  
en-bloc resection

Gastroparesis G-POEM Outcomes of G-POEM are modest in  
refractory gastroparesis

Long-term outcomes, utility of EndoFLIP 
and predictors of outcomes, randomized 
comparison with surgical pyloroplasty

Zenker’s diverticulum Z-POEM Variation in techniques (over the septum, 
Z-POEM+mucosotmy and hybrid  
Z-POEM) may improve technical and 
clinical outcomes

Long-term outcomes of Z-POEM and 
comparative trials with flexible  
endoscopic myotomy

Others (Hirschsprung’s disease, 
esophageal strictures)

PREM, POETRE Submucosal endoscopy may be a potential 
alternative to surgery in Hirschsprung’s 
disease and complete esophageal  
obstruction

Long-term outcomes, comparison with 
surgery

POEM, per-oral endoscopic myotomy; PD, pneumatic dilatation; HM, Heller’s myotomy; GERD, gastroesophageal reflux disease; STER, submucosal 
tunneling endoscopic resection; POET, per-oral endoscopic tumor resection; G-POEM, gastric POEM; EndoFLIP, endoluminal functional lumen imag-
ing probe; PREM, per-rectal endoscopic myotomy; POETRE, per-oral endoscopic tunneling for restoration of the esophagus.
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studies have questioned the utility of long esophageal myotomies 
in achalasia. Several randomized trials and systematic reviews 
have concluded that short esophageal myotomy (3–5 cm) is 
equally effective, with the advantage of reduced procedure du-
ration and possibly less esophageal acid exposure as compared 
to those associated with standard esophageal myotomy.92 In a 
recent study, the distensibility index (DI) of the lower esoph-
ageal sphincter fell within the target range for most patients 
following a 2–4-cm esophageal myotomy, further supporting 
the efficacy of short esophageal myotomy in patients with acha-
lasia.93  

GERD is the most common long-term AE of POEM. Emerg-
ing data suggest that although the incidence of post-POEM 
GERD is high, most patients respond to anti-secretory medica-
tions.91 In addition, the incidence of GERD may decrease with 
time due to remodeling of the gastroesophageal junction.26 Sev-
eral new approaches have been suggested to address the issue 
of GERD after POEM. These include modification of POEM 
techniques (preservation of sling fibers), natural orifice translu-
minal endoscopic surgery (NOTES) fundoplication, and trans-
oral incisionless fundoplication after POEM.94-98 Quality trials 
are required before confirming the efficacy of these methods in 
preventing or treating post-POEM GERD. 

The EndoFLIP system has recently been introduced in 
clinical practice to predict the clinical outcomes of POEM in 
achalasia and refractory gastroparesis. It utilizes impedance 
planimetry to determine the DI and cross-sectional area of 
the gastroesophageal junction or pyloric sphincter. The cur-
rent literature is divergent with regard to the utility of DI and 
cross-sectional area in predicting the outcomes of POEM and 
G-POEM in esophageal motility disorders and refractory gast-
roparesis, respectively.99,100 Therefore, future studies are required 
to determine the real-world utility of EndoFLIP in GI motility 
disorders. 

SUBMUCOSAL ENDOSCOPY: FUTURE 
PERSPECTIVES 

Over the last decade, submucosal endoscopy has proven useful 
for a broad spectrum of GI diseases. Of note, submucosal en-
doscopy is an evolving field, and the certainty of evidence and 
efficacy varies across different indications in the GI tract. While 
the safety and efficacy of submucosal endoscopy have been 
consistent across the indications, the durability of response 

needs to be established for some indications, such as refractory 
gastroparesis and Zenker’s diverticulum. Additionally, evidence 
of its efficacy is limited in HD and esophageal strictures. With 
continued advancements in the field of submucosal endoscopy, 
there may be renewed interest in NOTES in the future. This 
is exemplified by recent reports of endoscopic transcolonic 
appendicectomy and transgastric cholecystectomy.101,102 In 
addition, endoscopists are likely to exploit the easy access to 
the third space or submucosal space when performing muscle 
biopsies to gain a better understanding of the pathophysiology 
of esophageal and gastric motility disorders.103-106 Similarly, safe 
access to the mediastinal and peritoneal spaces may potentially 
expand the indications of the ever-growing field of submucosal 
endoscopy.107,108 

CONCLUSIONS 

Submucosal endoscopy has been one of the most rewarding 
innovations in the field of therapeutic endoscopy in the recent 
era. Beginning with achalasia, the submucosal space is now 
being utilized to manage several GI diseases. While the utility 
of submucosal endoscopy has stood the test of time in esoph-
ageal motility disorders and SETs, its durability remains to be 
established in other conditions such as Zenker’s diverticulum 
and refractory gastroparesis. Additionally, novel techniques are 
required to reduce the incidence of GERD after POEM. Further 
studies are required to identify the predictors of response to 
G-POEM in patients with refractory gastroparesis. The poten-
tial of submucosal endoscopy to provide easy and safe access 
to the mediastinal and peritoneal spaces may open doors to 
novel indications and rejuvenate the interest of endoscopists in 
NOTES in the future. 
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Background/Aims: Patients with Barrett’s esophagus are at increased risk of developing esophageal adenocarcinoma. Endoscopic ther-
apies aim to eradicate dysplastic and metaplastic tissues. Hybrid argon plasma coagulation (hybrid-APC) utilizes submucosal fluid in-
jection to create a protective cushion prior to ablation that shields the submucosa from injury. We performed a pooled meta-analysis to 
evaluate the safety and efficacy of hybrid-APC. 
Methods: We conducted a systematic search of major electronic databases in April 2022. Studies that included patients with dysplastic 
and non-dysplastic Barrett’s esophagus undergoing treatment with hybrid-APC were eligible for inclusion. Outcome measures includ-
ed complete remission of intestinal metaplasia (CR-IM), stricture formation, serious adverse events, and number of sessions necessary 
to achieve CR-IM. 
Results: Overall pooled CR-IM rate for patients undergoing hybrid-APC was 90.8% (95% confidence interval [CI], 0.872–0.939; 
I2=0%). Pooled stricture rate was 2.0% (95% CI, 0.005–0.042; I2=0%). Overall serious adverse event rate was 2.7% (95% CI, 0.007–0.055; 
I2=0%). 
Conclusions: Results of the current meta-analysis suggest that hybrid-APC is associated with high rates of CR-IM and a favorable safe-
ty profile. Interpretation of these results is limited by the inclusion of retrospective cohort and case series data. Randomized controlled 
trials that standardize treatment and outcome evaluation protocols are necessary to understand how this treatment option is compara-
ble to the current standards of care. 

Keywords: Barrett esophagus; Esophageal stenosis; Hybrid argon plasma coagulation
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INTRODUCTION 

Barrett’s esophagus (BE) is a premalignant condition charac-
terized by metaplastic transformation of stratified squamous to 

columnar epithelium.1,2 Patients with BE are at increased risk of 
developing esophageal adenocarcinoma (EAC).3 Transforma-
tion of the epithelium occurs in a predictable fashion: first to 
metaplasia, then to low-grade dysplasia (LGD), high-grade dys-
plasia (HGD), and ultimately EAC. Management of BE is cen-
tered on endoscopic therapies aimed at eradicating dysplasia, 
and ideally metaplasia. Therapy typically combines resection of 
nodular or visible lesions, followed by ablation of the remaining 
flat neoplasia.4-6 Several modalities exist for BE ablation, includ-
ing argon plasma coagulation (APC), electrocoagulation, pho-
todynamic therapy, cryotherapy, and radiofrequency ablation 
(RFA). All modalities aim to destroy the BE mucosa, allowing 
neosquamous epithelial formation. These modalities are limited 
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by the risk of stricture formation, buried gland formation, and 
need for multiple sessions to achieve remission.7 Occurrence of 
these adverse events is associated with the extent of submucosal 
injury secondary to ablative therapies.8-10 The ideal therapeu-
tic modality maximizes destruction of metaplastic epithelium 
down to the muscularis mucosa, while minimizing damage to 
the underlying submucosa. A new technique called hybrid-APC 
utilizes submucosal fluid injection to create a protective cushion 
prior to ablation and shield the submucosa from injury.11 This 
technique may allow for the ablation of a larger area to a greater 
tissue depth with a lower risk of stricture formation and adverse 
events. 

We performed a pooled meta-analysis to evaluate the efficacy 
and safety of hybrid-APC for the treatment of dysplastic and 
non-dysplastic BE. Specifically, we evaluated the proportion of 
patients achieving complete remission of intestinal metaplasia 
(CR-IM), frequency of stricture formation and adverse event 
rates, and number of treatment sessions necessary to achieve 
CR-IM. 

METHODS 

Data sources and searches 
This systematic review adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines for systematic reviews.12 The study protocol was 
registered and published in the PROSPERO database. In April 
2022, we conducted a systematic search of electronic databases, 
including PubMed/Medline, Embase, Web of Science, and the 
Cochrane Library with the assistance of a librarian. Detailed 
search strategies for each database are included in the Supple-
mentary Material 1. The reference lists of the included studies 
and relevant systematic reviews were reviewed to supplement 
the initial literature search. Two investigators (SNS and NEHC) 
independently reviewed the titles and abstracts to screen stud-
ies for relevance to the research question and eligibility for 
inclusion. Following the initial screening, the remaining studies 
were reviewed to ensure the availability of the necessary data. 
Discrepancies or disagreements were resolved through discus-
sion and review by a third author (JBS) until a consensus was 
reached. 

Study selection 
Studies involving human participants with BE who underwent 
treatment with hybrid-APC were eligible for inclusion. Patients 

could have non-dysplastic BE and any degree of dysplastic BE 
or EAC at the baseline. Prior treatment with other ablative 
modalities prior to hybrid-APC was acceptable. Treatment 
with hybrid-APC consisted of a submucosal saline injection 
using a high-pressure water jet system, followed by application 
of pulsed APC. Power settings were not considered when de-
termining eligibility. Studies must have followed patients until 
they were evaluated for CR-IM and reported the rates of CR-IM 
and stricture formation to be eligible for inclusion. Randomized 
controlled trials (with hybrid-APC arms), cohort studies, and 
case series were eligible for inclusion. Given that hybrid-APC 
is a relatively new technique, studies published in abstract form 
were eligible for inclusion given that they provided sufficient 
information to meet other inclusion criteria. Single-case studies 
or video cases were not eligible for inclusion. Only studies writ-
ten in English were included.  

Outcomes  
After nodular lesions are resected, ablative therapies are di-
rected at eradicating the remaining metaplastic and dysplastic 
tissues. Therefore, we evaluated CR-IM rates. CR-IM was de-
fined as the absence of intestinal metaplasia on biopsy. CR-IM 
also requires the absence of dysplasia. Tissue damage caused by 
ablative therapy can lead to stricture formation. We evaluated 
stricture formation rate, which is defined as the proportion of 
patients with clinically significant strictures requiring endo-
scopic therapy (i.e., balloon dilation). Serious adverse events 
(SAE) were defined as those requiring further interventions, 
including perforation, stricture, and major bleeding.13 Finally, 
we evaluated the number of sessions necessary to achieve CR-
IM. When studies did not report the standard deviation for the 
average number of sessions necessary to achieve CR-IM, the 
standard deviations were estimated using the range according 
to the following formula: (maximum-minimum)/4.14 

Data extraction and quality assessment 
Study-level data and study characteristics were extracted inde-
pendently by two authors (SNS and NEHC). Quality assessment 
of the included studies was performed using the Newcastle-Ot-
tawa scale (NOS).15 For cohort studies, the scale consists of nine 
questions, each scored up to one point. A total score of 7–9, 
4–6, or <4 was suggestive of high quality, high risk of bias, or 
very high risk of bias, respectively. A modified NOS previously 
described in the literature was used to evaluate non-compara-
tive, single-arm studies in domains pertinent to this systematic 
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review.16,17 The modified scale excludes items related to compa-
rability and adjustment; the scale for non-comparative studies 
focuses on selection, representativeness, and ascertainment 
of exposure and outcome. The modified NOS consists of five 
items requiring a ‘yes’ or ‘no’ response. Studies were deemed 
‘good’ quality when all five criteria are fulfilled, ‘moderate’ qual-
ity when four criteria are fulfilled, and ‘poor’ when three or less 
criteria are fulfilled. Two authors independently assessed the 
methodological quality (SNS and NEHC) with disagreements 
settled by discussion, including a third author (JBS). 

Statistical analysis 
We performed a pooled proportion meta-analysis to calculate 
pooled outcomes. Individual study rates were transformed 
using the Freeman-Tukey double-arcsine transformation. 
Pooled proportions were calculated as the back-transformation 
of the weighted mean (weighting by inverse variance) of the 
transformed proportions in a restricted maximum likelihood 
random-effects meta-analysis.18,19 Heterogeneity was assessed 
using the I2 statistic. Values greater than 50% or p-values greater 
than 0.05 were deemed to have significant heterogeneity. In the 
presence of statistically significant heterogeneity, a leave-one-
out sensitivity analysis was performed to evaluate the effects of 
outlier studies. Furthermore, subgroup analysis by study quality 
was performed to evaluate the association between method-
ological quality and outcome. Publication bias was assessed 
via visual inspection of funnel plots and Egger’s regression.20,21 
All statistical analyses were performed in RStudio 2021.09.1 (R 
Foundation, Vienna, Austria) using metafor and meta packag-
es.22,23 

RESULTS 

Study selection 
The initial search strategy yielded a total of 67 results. After 
removing 29 duplicate entries, 38 studies were finally screened. 
Twelve studies were excluded based on title and abstract screen-
ing. A total of 26 records were retrieved. Full texts were accessi-
ble for all records sought for retrieval. One study was excluded 
for overlapping patient cohorts24 and four studies were excluded 
due to lack of sufficient outcome data despite relevance to the 
current systematic review.25-28 The remaining review articles or 
case reports were excluded. Seven studies were included in the 
final analysis.29-35 The study selection process is summarized in 
Figure 1. 

Study details 
A total of 344 patients across seven studies underwent hy-
brid-APC treatment for BE (N range=11 to 146). All but one 
of the included studies were single-arm observational studies. 
Linn et al.33 performed a retrospective cohort study using risk 
factor-matched patients undergoing RFA as a comparator 
group. Only two studies explicitly stated that consecutively 
eligible patients were enrolled in the study.29,30 Four studies 
included patients with pre-treatment non-dysplastic BE, LGD, 
HGD and EAC.30,32,33,35 Kashin et al.34 treated only patients with 
LGD. Two studies did not report pre-treatment dysplasia.29,31 

Four studies specified that all patients were prescribed 
post-procedural acid-suppression therapy with proton pump 
inhibitors.29,30,34,35 None of the included studies reported adher-
ence to acid-suppression therapy. Importantly, only Manner et 
al.31 gave an explicit definition for ‘stricture’. The other studies 
reported stricture formation rates without providing a specific 
definition for this outcome. 

Four studies evaluated CR-IM three months after complete 
macroscopic ablation of BE.29-32 Kashin et al.34 evaluated CR-
IM at one and three months following macroscopic ablation, 
and Shimizu et al.35 evaluated CR-IM at least three months fol-

38 Records screened

26 Reports sought for 
retrieval

26 Reports assessed for 
eligibility

7 Studies included in review

29 Records removed before 
screening: duplicate records

12 Records excluded

0 Reports not retrieved

Reports excluded:
4 No outcome data

1 Duplicate patient cohort 
14 Review or case-study

Identification of new studies via databases and registers

Id
en

tifi
ca

tio
n

Sc
re

en
in

g
In

cl
ud

ed

67 Records identified from
databases

Fig. 1. Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses diagram for study selection process.
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lowing completion of therapy. The beginning of the follow-up 
period and timing of CR-IM evaluation were not specified in 
the study conducted by Linn et al.33 Only two studies specified a 
limit to the number of therapies before classification as a ‘treat-
ment failure’.30,32 Two studies included details regarding buried 
glands on biopsy results.31,34 The included studies were per-
formed in the United States, Netherlands, Germany, Russia, and 
Australia. Prague classifications of pre-treatment Barrett’s and 
hybrid-APC settings are presented in Table 1.29,30,32-36 The set-
tings were comparable across all studies that reported detailed 
treatment settings. 

Study quality assessment 
Six single-arm observational studies were assessed for bias 
using the modified NOS for case series (Supplementary Table 
1).15,16,29,30,32-36 Four studies were deemed ‘moderate’ quali-
ty31,32,34,35 and two studies were deemed ‘good’ quality.29,30 Four 
studies failed to specify how patients were selected for inclu-
sion in their study and whether these patients were consecu-
tively eligible.31,32,34,35 All studies specified that biopsies were 
performed prior to treatment to ensure that included patients 
had dysplastic or non-dysplastic BE. Rösch et al.32 had a signif-
icant portion of the initially enrolled cohort that had not yet 
completed therapy at the time of abstract publication. All the 
included studies included data on CR-IM rates and stricture 
formation. 

The study performed by Linn et al.33 was the only included 
cohort study and was assessed using the NOS (Supplementary 
Table 2). The study was deemed ‘good’ quality, although there 
was no description of how the treated cohort was derived from 
the population and it was unclear if pathologists were blinded 
to the treatment modality. 

Outcomes 
All seven studies reported CR-IM and stricture formation rates. 
Rösch et al.32 did not report data for adverse events other than 
stricture formation. Linn et al.33 did not report the number of 
sessions necessary to achieve CR-IM. The study-level outcomes 
are summarized in Table 2.29,30,32-36 The overall pooled CR-IM 
rate for patients undergoing hybrid-APC was 90.8% (95% con-
fidence interval [CI], 0.872–0.939; I2=0%) (Fig. 2A). No asym-
metry was noted upon visual inspection of the associated fun-
nel plot (Fig. 2B). The pooled stricture rate was 2.0% (95% CI, 
0.005–0.042; I2=0%) (Fig. 3A). No asymmetry was noted upon 
visual inspection of the associated funnel plot (Fig. 3B). The 

overall SAE rate was 2.7% (95% CI, 0.007–0.055; I2=0%) (Fig. 
4A). No asymmetry was noted upon visual inspection of the as-
sociated funnel plot (Fig. 4B). There were only two SAE besides 
stricture formation both reported by Knabe et al.30: one patient 
experienced treatment-related bleeding requiring clipping and 
one patient experienced perforation requiring clipping. The av-
erage mean number of sessions required to achieve CR-IM was 
2.59 (95% CI, 2.24–2.94; I2=70%) (Fig. 5A). No asymmetry was 
noted upon visual inspection of the associated funnel plot (Fig. 
5B). For all analyses, no publication bias was detected using 
Egger’s regression (Table 3). 

Evaluation of heterogeneity 
Given the presence of statistically significant heterogeneity 
in the analysis of the average number of sessions required to 
achieve CR-IM, prespecified leave-one-out sensitivity and sub-
group analyses by study quality were performed. With removal 
of the study performed by Shimizu et al.,35 the average number 
of sessions necessary to achieve CR-IM was 2.65 (95% CI, 2.33–
2.97; I2=52%).With removal of the study performed by Manner 
et al.,31 the average number of sessions necessary to achieve 
CR-IM was 2.49 (95% CI, 2.24–2.74; I2=61%). There was no 
statistically significant difference between ‘good’ and ‘moderate’ 
quality studies (QM=0.18; p=0.67). 

Unplanned meta-regression analysis of the average Prague 
classification and year of study publication was performed to 
further investigate the sources of heterogeneity in the number 
of sessions needed to achieve CR-IM. There was a correlation 
between average Prague M length and number of sessions re-
quired to achieve CR-IM (QM=4.70; R2=62%; p=0.03) (Fig. 6). 
There was no correlation between the average Prague C length 
and number of sessions required to achieve CR-IM (QM=1.46; 
p=0.23) (Supplementary Fig. 1). There was no correlation be-
tween the date of study publication and number of sessions 
necessary to achieve CR-IM (QM=0.02; p<0.89) (Supplementary 
Fig. 2). 

DISCUSSION 

Given the increasing incidence of EAC, improvements in BE 
management are of paramount importance. Endoscopic ther-
apies play a significant role in the treatment of BE-related neo-
plasia, and the innovation and evaluation of new therapeutic 
modalities impacts a large portion of the population. This study 
is the first systematic review and meta-analysis to evaluate the 
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safety and efficacy of this treatment modality. Hybrid-APC 
appears to be an effective treatment for eradicating intestinal 
metaplasia. Pooled stricture and SAE rates in the included stud-
ies were low. 

Although APC was one of the earliest therapies developed for 
the treatment of BE, its use is limited by the risk of perforation 
and stricture formation. While these risks could be mitigated 
by reducing power settings (thereby reducing the coagulation 

Table 2. Summary of study-level outcomes data
Study n CR-IM Stricture SAE Session
Kashin et al.,34 2016 12 12 (100) 0 (0) 0 (0) 2.5
Manner et al.,31 2016 46 39 (84.8) 1 (2.2) 1 (2.2) 3.5
Rösch et al.,32 2017 80 74 (92.5) 2 (2.5) - 2.5
Shimizu et al.,35 2021 22 19 (86.4) 2 (9.1) 2 (9.1) 1.2
Linn et al.,33 2020 27 24 (88.9) 0 (0) 0 (0) -
Staudenmann et al.,29 

2021
11 11 (100) 0 (0) 0 (0) 2.7

Knabe et al.,30 2022 146 129 (88.4) 6 (4.1) 8 (5.5) 2.96
Values are presented as number only or number (%).
CR-IM, complete remission of intestinal metaplasia; SAE, serious adverse 
event; -, unavailable.

Author

Kashin
Knabe
Linn
Manner
Rösch
Shimizu  
Staudenmann

Common effect model
Random effects model

12
129

24
39
74
19
11

12
146

27
46
80
22
11

344

1.000 (0.735, 1.000)
0.884 (0.820, 0.931)
0.889 (0.708, 0.976)
0.848 (0.711, 0.937)
0.925 (0.844, 0.972)
0.864 (0.651, 0.971)
1.000 (0.715, 1.000)

0.908 (0.872, 0.939)
0.908 (0.872, 0.939)

3.6%
42.2%

7.9%
13.4%
23.2%

6.5%
3.3%

100.0%
––

3.6%
42.1%

7.9%
13.4%
23.2%

6.5%
3.3%

––
100.0%

Heterogeneity: I2=0%, p=0.43 0 0.2 0.4 0.6 0.8 1

CR-IM Patients Proportion 95% CI
Weight  

(common)
Weight  

(random)

0.00

0.05

0.10

0.15

St
an

da
rd

 e
rr

or

Freeman-Tukey double-arcsine transformed proportion
0.9 1.0 1.1 1.2 1.3 1.4 1.5

AA

BB

Fig. 2. (A) Forest plot of pooled complete remission of intestinal metaplasia (CR-IM) rates for included studies with I2 measure of heterogene-
ity. (B) Associated funnel plot. CI, confidence interval.

depth), lower power settings diminished the efficacy of ablative 
treatments. Previous ex-vivo trials have demonstrated that cre-
ation of a ‘fluid cushion’ prior to APC reduces the coagulation 
depth by half compared to conventional APC using the same 
wattage and reduces the frequency of submucosal coagula-
tion.36 Similar results have been demonstrated in-vivo, albeit 
for ablative therapies in the colon.37 These results provide the 
theoretical basis for hopes that hybrid-APC may reduce the risk 
of stricture formation. Indeed, the pooled stricture rate for the 
included studies was considerably lower than previously report-
ed stricture rates of 5.6% and 6% using RFA.38,39 

Although the pooled CR-IM rate for hybrid-APC surpassed 
those reported in previous meta-analyses of RFA while produc-
ing less stricture formation,38-41 the inclusion of retrospective 
studies and case series may overestimate effectiveness and un-
derestimate true adverse event rates. Notably, only two studies 
specified that consecutively eligible patients were enrolled.29,30 
Moreover, one prospective study included in the analysis had 
a stricture rate of 4.1% compared to the pooled rate of 2.0%.30 
The inclusion of retrospective studies and case series, which 
are more prone to selection bias, lowers the overall quality of 
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Author

Author

Kashin
Knabe
Linn
Manner
Rösch
Shimizu 
Staudenmann

Common effect model
Random effects model

Kashin
Knabe
Linn
Manner
Shimizu 
Staudenmann

Common effect model
Random effects model

0
6
0
1
2
2
0

0
8
0
1
2
0

12
146

27
46
80
22
11

344

12
146

27
46
22
11

264

0.000 (0.000, 0.265)
0.041 (0.015, 0.087)
0.000 (0.000, 0.128)
0.022 (0.001, 0.115)
0.025 (0.003, 0.087)
0.091 (0.011, 0.292)
0.000 (0.000, 0.285)

0.020 (0.005, 0.042)
0.020 (0.005, 0.042)

0.000 (0.000, 0.265)
0.055 (0.024, 0.105)
0.000 (0.000, 0.128)
0.022 (0.001, 0.115)
0.091 (0.011, 0.292)
0.000 (0.000, 0.285)

0.027 (0.007, 0.055)
0.027 (0.007, 0.055)

3.6%
42.2%

7.9%
13.4%
23.2%

6.5%
3.3%

100.0%
––

4.7%
54.9%
10.3%
17.4%

8.4%
4.3%

100.0%
––

3.6%
42.2%

7.9%
13.4%
23.2%

6.5%
3.3%

––
100.0%

4.7%
54.9%
10.3%
17.4%

8.4%
4.3%

––
100.0%

Heterogeneity: I2=0%, p=0.75

Heterogeneity: I2=0%, p=0.54
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Fig. 3. (A) Forest plot of pooled stricture rates for included studies with I2 measure of heterogeneity. (B) Associated funnel plot. CI, confidence 
interval.

Fig. 4. (A) Forest plot of pooled serious adverse event (SAE) rates for included studies with I2 measure of heterogeneity. (B) Associated funnel 
plot. CI, confidence interval.
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Author

Kashin
Knabe
Manner
Rösch
Shimizu 
Staudenmann

Common effect model
Random effects model

12
146

46
80
22
11

317

2.500
2.690
3.500
2.500
1.840
2.700

0.7500
1.0000
2.4000
1.0000
1.2600
1.1000

2.500 (2.076, 2.924)
2.690 (2.528, 2.852)
3.500 (2.806, 4.194)
2.500 (2.281, 2.719)
1.840 (1.313, 2.367)
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Fig. 5. (A) Forest plot of pooled average number of sessions required to achieve complete remission of intestinal metaplasia with I2 measure 
of heterogeneity. (B) Associated funnel plot. SD, standard deviation; MNSR, mean number of sessions required to achieve CR-IM; CI, confi-
dence interval.

Table 3. Summary of pooled results including measures of heterogeneity and publication bias
Outcome Pooled rate Confidence interval I2 (%) B0 (Egger’s) p-value (Egger’s)
CR-IM 0.908 0.872–0.939 0 0.91 0.36
Stricture 0.020 0.005–0.042 0 –0.35 0.66
SAE 0.027 0.007–0.055 0 –0.80 0.39
Sessions 2.59 2.24–2.94 70 –0.21 0.90

CR-IM, complete remission of intestinal metaplasia; SAE, serious adverse event.

evidence. Nonetheless, given that hybrid-APC is in its nascen-
cy, the results of this meta-analysis represent the best evidence 
currently available. Randomized controlled trials are necessary 
to further assess the comparative safety and efficacy of this new 
treatment modality.  

Removal of the studies performed by Shimizu et al.35 and 
Manner et al.31 on sensitivity analysis considerably reduced the 
heterogeneity in the number of sessions to achieve CR-IM. This 
heterogeneity could in part be explained by the extent of BE 
given meta-regression demonstrated a correlation between the 
number of treatment sessions necessary and Prague M length. 
The study performed by Shimizu et al.35 had the lowest average 
Prague M length and the study performed by Manner et al.31 

had the highest; these two studies had the lowest and highest 
average number of treatment sessions necessary to achieve CR-
IM, respectively. The lack of a concurrent association between 
Prague C length and number of sessions may reflect the lower 
magnitude of variation in the circumferential extent of BE 
across studies. While lack of familiarity with the procedure in 
the earliest studies could have led to less aggressive therapy and 
additional treatment sessions, there was no association between 
the year of study publication and number of sessions necessary 
to achieve CR-IM. 

Despite the absence of statistical heterogeneity in the CR-
IM rates, there were variations in the definitions of treatment 
success and recurrence across the included studies that affected 
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the measurement of this outcome. Ideally, treatment success 
should be evaluated at a prespecified time point or after a max-
imal number of therapies. For example, the studies performed 
by Knabe et al.30 and Rösch et al.32 allowed up to five treatment 
sessions to achieve success before treatment was considered to 
have failed. The remaining studies did not specify how many 
treatments would be allowed prior to a patient being deemed 
‘treatment failure’. Without a prespecified treatment endpoint, 
treatment can continue until CR-IM is achieved, rendering it 
difficult to assess per-treatment effectiveness. Studies have re-
ported the average number of treatments necessary to achieve 
complete eradication, which was similar to the average number 
of therapies needed using RFA in previous landmark studies.42,43 

Furthermore, there was variation in the timing of histologic 
evaluation of CR-IM. While certain studies evaluated histologic 
eradication one month after complete macroscopic ablation,34 
others evaluated at three to six months,33 three months,30-32 or at 
least three months35 following macroscopic eradication. When 
histologic evaluation is performed, whether the presence of 
intestinal metaplasia is deemed persistent or recurrent disease 
affects the evaluation of treatment efficacy. Standardization of 
this process is important for accurate assessment of new treat-
ment modalities. 

The current systematic review was comprehensive, spanning 
major electronic databases. As the first meta-analysis to evalu-
ate the efficacy of hybrid-APC, our study provides valuable pre-
liminary insight into the utility of this emerging technique. The 
current study has several limitations. First, many of the includ-
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Fig. 6. Meta-regression of number of sessions necessary to achieve 
complete remission of intestinal metaplasia (CR-IM) and average 
Prague M length with 95% confidence interval bounds.

ed studies were case series, introducing the possibility of prefer-
ential inclusion of patients with desirable outcomes or exclusion 
of those with unfavorable outcomes. We attempted to mitigate 
the effects of these studies by using rigorous, independent qual-
ity assessments. None of the included studies was deemed to be 
of poor quality. Second, limitations inherent to any meta-anal-
ysis of retrospective, non-controlled studies include variations 
across patient populations and a lack of standardization of 
interventions. Although there was little heterogeneity, this may 
be a product of the relatively high CR-IM rates across studies 
despite systematic differences in methodology. Third, a poten-
tial trade-off of reduced coagulation depth using hybrid-APC 
is the formation of glands and metaplastic cells ‘buried’ beneath 
the neosquamous epithelium that forms following ablative ther-
apy.44 Dysplasia or neoplasia can develop under the squamous 
epithelium in these areas of intestinal metaplasia.45 Given the 
overlying normal tissue, these areas may not be biopsied or de-
tected on subsequent endoscopy. The lower coagulation depth 
of hybrid-APC could leave behind more intestinal metaplasia in 
the lamina propria that ultimately becomes buried and evades 
detection. Only two of the included studies reported the prev-
alence of buried glands on biopsy following therapy, limiting 
the analysis of this important consideration. Finally, few of the 
included studies provided data on long-term follow-up and no 
studies included data on adherence to post-treatment acid sup-
pression, which could play an important role in post-procedur-
al stricture formation. Evaluation of these outcomes through 
future studies is necessary to accurately assess the utility of hy-
brid-APC.  

Hybrid-APC is an emerging therapeutic modality for the 
treatment of dysplastic BE. The results of the current meta-anal-
ysis suggest that hybrid-APC is associated with high rates of 
CR-IM and a favorable safety profile. Randomized controlled 
trials that standardize the definition of ‘treatment success’ and 
‘treatment failure,’ as well as the timing of CR-IM evaluation are 
necessary to understand how this treatment option compares 
to current standards of care. Particular attention should be paid 
to the development of buried metaplasia and long-term durable 
effectiveness using hybrid-APC given the paucity of data on 
these outcomes in the current literature. 
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See “Endoscopic ultrasound-guided coiling and glue is safe and superior to endoscopic glue injection in gastric varices with severe liver 
disease: a retrospective case control study” by Kapil D. Jamwal, Rajesh K. Padhan, Atul Sharma, et al., Clin Endosc 2023;56:65–74.

Gastric varices (GV) bleeding is less common than esophageal 
varices and is responsible for 10% to 30% of all variceal hem-
orrhages.1 However, GV is more severe and associated with a 
higher mortality rate. Additionally, approximately 35% to 90% 
of patients rebleed after spontaneous hemostasis.2 Therefore, 
secondary prophylaxis of GV hemorrhage is important. Thera-
peutic endoscopy plays a major role in GV bleeding. Endoscop-
ic glue injection (EGI) has proven effective in the hemostasis 
of acute GV bleeding and prevents the rebleeding of varices, 
although this has been debated. In the 2016 American Asso-
ciation for the Study of Liver Diseases guidelines, transjugular 
intrahepatic portosystemic shunt (TIPS) or balloon-occluded 
retrograde transvenous obliteration (BRTO) is the first recom-
mendation for secondary prophylaxis. TIPS is a very effective 
secondary prevention method for GV, but it causes hepatic 
encephalopathy (HE) without affecting survival.3 BRTO is an 
alternative, but it requires the presence of a gastrorenal shunt 
and does not divert blood flow; however, it might increase por-

tal pressures, worsen ascites or cause esophageal variceal bleed-
ing. For this reason, several centers offer additional TIPS after 
BRTO if the hepatic venous portal gradient exceeds 12 mmHg.4 

Endoscopic glue or coiling injection for the secondary pre-
vention of GV has not been approved for the treatment of 
GV in the United States. It has been used in a few cases where 
neither TIPS nor BRTO are technically possible, but only a 
few centers have the knowledge to do so.4 However, unlike the 
guidelines, EGI may have a global role in the secondary pro-
phylaxis of GV.5 

Jamwal et al.6 investigated the safety and efficacy of endo-
scopic ultrasound (EUS)-guided coiling and glue in GV with 
severe liver disease. This retrospective study was carried out in 
two high-volume centers in India, and it benefited from their 
valuable experience. A total of 80 patients who had recent GV 
bleeding treated with EGI as first-line therapy were included 
and were scheduled for the remaining large GV (>10 mm) to 
be unfit for TIPS due to previous episodes of HE or having a 
high model for end-stage liver disease (MELD) score (MELD-
Na >18). Additionally, 40 patients were included in the EGI 
group and 40 in the EUS-guided GV treatment (GVT) group; 
all patients were treated with appropriately titrated doses of 
beta-blockers, and the follow-up period was not statistically dif-
ferent between the two groups (193 and 201 days, respectively). 
However, a significant decrease in the number of endoscopy 
sessions (4 vs. 1.2), volume of glue injected (6 mL vs. 2 mL), 
and rebleeding (5 vs. 0) was observed in the EGI and EUS-
GVT groups. In a subgroup analysis of the EUS-GVT group, 
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GV obliteration or disappearance was lower in the paragastric 
collateral group than that in the gastric fundus group (2 vs. 10). 

Endoscopic injection of cyanoacrylate for GV has been used 
globally since its first application was reported by Soehendra et 
al. in 1986. A study by Brutin et al. showed that the presence of 
performing vessels plays an important role in the pathogenesis 
of esophageal varices and GV, and several studies have reaf-
firmed this report.7 Lahoti et al.8 also showed that rebleeding 
was reduced after direct injection of perforating esophageal 
vessels with sclerosant. Although EGI for GV is a promising 
tool, it has been associated with severe adverse events, includ-
ing systemic embolization, such as stroke, portal vein emboliza-
tion, and septic emboli.9 Nevertheless, many studies have been 
conducted; Binmoeller et al. reported that the EUS-GVT was 
more efficient and safe than the EGI. Finally, two recent me-
ta-analyses showed that EUS-GVT achieved superior GV oblit-
eration compared with EGI alone.10,11 Mohan et al.10 performed 
a meta-analysis of 23 studies (851 patients) comparing standard 
EGI with glue and EUS with coil and/or glue. The pooled treat-
ment efficacies of EUS-GVT, GV obliteration, GV recurrence, 
early rebleeding, and late rebleeding were 93.7%, 84.4%, 9.1%, 
7.0%, and 11.6%, respectively. They revealed that EUS with 
coil and glue showed a significantly lower recurrence rate than 
that in standard EGI (5.2% vs. 15%, p=0.01). Additionally, A 
meta-analysis by McCarty et al.11 showed that EUS-GVT with 
combined coil and glue resulted in a 98% clinical success rate, 
showing that EUS with coil and glue resulted in better technical 
and clinical success compared with other modalities. The GV 
obliteration rate of EUS with coil and glue was significantly 
higher than that of either EUS with glue (98% vs. 96%, p<0.001) 
or with coil (98% vs. 90%, p<0.001), and the need for reinter-
vention was lower than that of either EUS with coil (15% vs. 
26%, p<0.001) or with glue (15% vs. 25%, p=0.047). Additional-
ly, the rebleeding rate was lower than that in EUS with glue (14% 
vs. 30%, p<0.001). 

As pointed out by the authors, the study by Jamwal et al.6 had 
a relatively short follow-up period, and the number of patients 
was too small to prove that EUS-GVT is the best approach for 
the secondary prevention of GV bleeding. However, all patients 
received non-selective beta-blockers, focusing on patients 
with GV who could not undergo TIPS due to HE history and 
a MELD score ≥18; each treatment group was appropriately 
divided for comparison. Hopefully, future meta-analyses will 
include Jamwal et al.6 

Although the use of EUS-GVT continues to expand rapid-

ly, prospective randomized controlled trials are lacking. The 
guidelines also highlight the lack of evidence, safety issues, and 
availability of technical expertise. However, every new medical 
procedure undergoes similar processes during its introduction. 
The procedure, performed by only a few experts, has gradually 
spread, and the competency difference between centers has 
been gradually overcome. Future efforts are needed to stan-
dardize the site (fundus vs. paragastric collateral), materials 
(glue vs. coil vs. glue and coil), and route (transoesophageal vs. 
transgastric). 
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Several tumors can develop in the small bowel. The rarity of 
small bowel tumors (SBTs) and their nonspecific symptoms of-
ten complicate the diagnosis of these lesions. SBTs can be clas-
sified into benign tumors, such as adenomas, leiomyomas, and 
lipomas, or malignant tumors such as adenocarcinomas, neuro-
endocrine tumors, lymphomas, gastrointestinal stromal tumors 
(GISTs), and sarcomas.1 Determining the benign or malignant 
nature of SBTs is clinically challenging. However, double-bal-
loon enteroscopy (DBE) is a good tool that can be used for the 
visualization and sampling of SBTs.2 

Dolu et al.3 reported the endoscopic and histological char-
acteristics of DBE-diagnosed SBTs. Although the endoscopic 
classification of SBTs into small intestinal polyps and masses 
has not been demonstrated, the authors defined polyps as pro-
trusions without ulcers and masses as ulcerative or infiltrative 
protruding lesions, sessile lesions larger than 3 cm, and submu-

cosal lesions. They reported a retrospective analysis of 152 DBE 
procedures in 90 patients (12.7%) with polyps or masses in their 
small bowel out of 704 patients. According to their endoscopic 
appearance, 48 patients (53.3%) had polyps and 42 (46.7%) had 
masses. Fifty-three patients (58.9%) had benign SBTs, while 37 
patients (41.1%) had malignant SBTs, depending on their histo-
logical characteristics. Endoscopically detected polyps were all 
benign, and five of the 42 endoscopically detected masses were 
also benign. Compared with masses, polyps were diagnosed at 
a younger age. Further, 73 patients (81%) were diagnosed histo-
logically using DBE. In this study, the most common malignant 
SBT was GIST, and hamartomatous polyps were the most com-
mon type of polyps because the hospital where the study was 
conducted was a reference hospital for Peutz-Jeghers syndrome. 

In other studies, the most common malignancies were adeno-
carcinomas, lymphomas, neuroendocrine tumors, and GISTs,4-7 
while adenomatous polyps were the most common type of be-
nign tumors.8,9 Lesions were most often found in the proximal 
part of the small intestine3,4,8; therefore, when an asymptomatic 
SBT is suspected, enteroscopy from the oral route is preferred.  

The greatest advantage of DBE is localization and tissue ac-
quisition, and in approximately 70% to 80% of cases making a 
histological diagnosis is possible.1 The diagnosis rate may vary 
depending on endoscopic classification. In patients who were 
endoscopically considered to have a polyp (n=48), the histo-
logical diagnosis was confirmed as a benign SBT using DBE in 
all patients (100%). However, among patients with a mass on 
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endoscopy (n=42), the histological diagnosis was confirmed us-
ing DBE in 25 patients (59.5%).3 Polyps found in DBE are likely 
to be histologically diagnosed, and unnecessary surgery can be 
avoided. DBE was found to be less effective for the histological 
diagnosis of GIST among other malignant tumors.3,10 Many cas-
es of GIST are diagnosed postoperatively and can be suspected 
by preoperative DBE. 

Gastrointestinal bleeding (occult or overt) is shown to be 
the most frequent indication for DBE4,8; however, it can also be 
helpful in cases of SBT or polyposis syndrome. DBE can cause 
significant major complications, such as intestinal perforation, 
pancreatitis, and aspiration pneumonia, but the incidence is 
lower than expected at 0.72%.10 

The results of this study suggest that DBE could be a success-
ful method for both endoscopic and histological diagnosis of 
SBTs. Therefore, DBE should be considered when a SBT is sus-
pected in clinical practice or in cases of polyposis syndrome. 
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Background/Aims: Endoscopic submucosal dissection (ESD) has been established as a treatment modality for superficial esophageal 
squamous cell carcinoma (ESCC). Long-term follow-up data are lacking in Western countries. The aim of this study was to analyze 
long-term survival in a Western center. 
Methods: Patients undergoing ESD for ESCC were included. The analysis was performed retrospectively using a prospectively collect-
ed database. 
Results: R0 resection rate was 96.7% (59/61 lesions in 58 patients). Twenty-seven patients (46.6%) fulfilled the curative resection crite-
ria (M1/M2) (group A), 11 patients (19.0%) had M3 lesions without lymphovascular invasion (LVI) (group B), and 20 patients (34.5%) 
had lesions with submucosal invasion or LVI (group C). Additional treatment was recommended after non-curative resection. It was 
not performed in 20/31 patients (64.5%), mainly because of comorbidities (75%). Twenty-nine out of 58 (50.0%) patients died during a 
mean follow-up of 3.7 years. Death was related to ESCC in 17.2% (5/29) of patients. The disease-specific survival rate after curative re-
section was 100%. Overall survival rates after 5 years were 61.5%, 63.6% and 28.1% for groups A, B, and C, respectively. The overall 
survival was significantly worse after non-curative resection (p=0.038). 
Conclusions: Non-curative resection is frequent after ESD for ESCC in Western patients. The long-term prognosis is limited and 
mainly determined by comorbidity. Early diagnosis and pre-interventional assessments need to be improved. 

Keywords: Endoscopic submucosal dissection; Esophageal neoplasms; Prognosis; Squamous cell carcinoma
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INTRODUCTION 

In 2020, 604,100 new cases of esophageal cancer (EC) and 

544,076 deaths from EC were reported worldwide. EC is the 
eighth most common cancer and the sixth most common cause 
of cancer-related deaths. Incidence rates range from 12.3/10,000 
in Eastern Asia to 4.1/100,000 in Western Europe.1 Esophageal 
squamous cell carcinoma (ESCC) is the predominant subtype 
of EC worldwide, accounting for more than 90% of all ECs in 
Asia. In contrast, esophageal adenocarcinoma (EAC) has be-
come the most frequent subtype in many Western countries.2 
Reflecting the geographical differences, studies on EAC have 
been conducted predominantly by Western endoscopists, 
whereas studies on ESCC have been mainly published by Asian 
groups.3,4 Endoscopic resection (ER) offers a minimally inva-
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sive curative treatment option for EC diagnosed in the early 
stages with negligible risk of lymph node metastasis (LNM). 
ER is effective for superficial lesions of both histological sub-
types. Endoscopic submucosal dissection (ESD) for superficial 
ESCC was shown to be superior to other resection techniques 
in terms of en bloc resection and recurrence rates.5 Therefore, 
ESD is strongly recommended for ER of ESCC by the current 
Japanese and European guidelines.6,7 The European Society of 
Gastrointestinal Endoscopy defines ER of ESCC as curative 
when R0 resection is confirmed, invasion depth is limited to the 
M1/M2 layer, and lymphovascular invasion (LVI) is histologi-
cally ruled out.6 The Japanese guidelines define these lesions as 
an “absolute indication” for ER. These resections are classified 
as “curative”, and follow-up without further treatment is rec-
ommended.7,8 Well-differentiated lesions invading the lamina 
muscularis mucosae (MM) or the superficial submucosal layer 
(submucosal invasion ≤200 µm) have a low risk of LNM when 
LVI is ruled out and R0 resection is confirmed. The European 
Society of Gastrointestinal Endoscopy describes ER as “curative 
in the majority of cases” and recommends a multidisciplinary 
discussion balancing the risk of further therapy against the risk 
of LNM individually.6 Japanese guidelines classify these lesions 
as “relative indications” for ER. These guidelines recommend a 
comprehensive evaluation of additional treatment (AT) for le-
sions invading the MM and recommend AT (surgery or chemo-
radiation) for lesions with LVI and for lesions invading the sub-
mucosal layer.7,8 ER techniques and treatment algorithms have 
improved over the last decade. However, follow-up data of ESD 
for ESCC are scarce, especially outside of Asia. Most ESCCs are 
caused by risk factors, such as alcohol and tobacco consump-
tion, and patients with ESCC often have significant comorbid-
ities. Our study aimed to evaluate the long-term prognosis of 
Western patients after ESD for ESCC. 

METHODS 

The single-center uncontrolled study was conducted in a Ger-
man referral center (Department of Gastroenterology, Univer-
sity Hospital Augsburg, Augsburg, Germany). All the patients 
who underwent ESD for ESCC between August 2007 and 
September 2021 were included in this study. All patients under-
going ESD in the department were enrolled in a local database 
after obtaining informed consent. The data were retrospec-
tively analyzed using this database. The study was conducted 
in accordance with the principles of Good Clinical Practice 

and the ethical guidelines of the 1975 Declaration of Helsinki. 
This study was approved by the ethics committee of the Lud-
wig-Maximilian-University, Munich, Germany (study ID: 22-
0046). 

Inclusion criteria 
•  Patients who underwent ESD for superficial esophageal 

squamous cell neoplasia. 
Written informed consent was obtained for the procedure 

after detailed information about ESD and alternative treatment 
strategies (surgery, chemoradiation) was provided. For circum-
ferential lesions, the additional risk of postinterventional stric-
ture was discussed, and the treatment strategy was based on the 
patients’ individual decisions. 

Exclusion criteria 
•  Patients who showed endoscopic ultrasound findings of in-

vasion depth >T1 and/or suspected LNM for ESCC. 
•  Patients with concomitant malignant disease without cura-

tive treatment option.
Curative resection was diagnosed when histopathological 

analysis confirmed pT1a cancer invading the M1/M2 level and 
LVI was ruled out (group A). Non-curative resections were 
assigned to group B (pT1a invading the M3 level without LVI) 
or group C (pT1b and any lesion with LVI). Patients with a 
follow-up period of more than 6 months were included in the 
follow-up analysis and analyzed separately within the different 
groups. 

Outcome criteria 
The primary outcome parameter was overall survival after ESD. 
Secondary outcome parameters were disease-specific survival 
and procedural characteristics (en bloc resection rate, curative 
resection rate, complications, and AT after ESD). 

Diagnostic workup and ESD procedure 
Diagnostic endoscopy and ESD procedure were performed using 
a videogastroscope (GIF-H180, GIF-HQ190, or GIF-EZ1500; 
Olympus Medical Systems, Tokyo, Japan). White light imaging 
(WLI) and narrow-band imaging (NBI) were used for all lesions. 
Lugol staining was used additionally when the demarcation was 
unclear with WLI and NBI. The lesion’s morphology was de-
scribed according to the Paris classification.9 The proximal mar-
gin of the lesion, the length, and the degree of its circumferential 
extension were recorded. There was no restriction on lesion size 

56



or degree of the circumferential extension. The staging procedure 
included endoscopic ultrasonography and computed tomogra-
phy of the neck, chest, and upper abdomen. Biopsies confirming 
squamous cell neoplasia (high-grade dysplasia or ESCC) were 
available for all lesions before ESD. 

ESD was performed in a standardized manner as described 
previously (Fig. 1).3 Insufflation was performed using carbon 
dioxide. The procedures were performed under general an-
esthesia. When the course was uneventful, patients stayed in 
the hospital for 48 to 96 hours after ESD, depending on the 
endoscopist’s decision. ESD was performed by three endosco-
pists experienced in ESD (AP, AE, and HM). Each endoscopist 
performed at least 25 gastric and 25 rectal ESDs prior to the 
first esophageal ESD. According to current guidelines, anticoag-
ulants except aspirin were stopped before ER and were restarted 
5–7 days after the procedure depending on the endoscopist’s 
decision.10 All patients received proton pump inhibitors for 
three months (pantoprazole 40 mg twice daily for six weeks and 
once daily for another six weeks). 

Histopathological workup 
The resection specimens were minimally stretched and fixed 
onto a cork with needles. After formalin fixation, all specimens 
were cut transversely to the long axis. The specimens were cut 
into thin parallel sections of 2 mm thickness. To optimize ori-
entation, the margins were marked with color before cutting. 
Embedding in a 90-degree orientation enabled excellent evalu-
ation of the slides regarding the involvement of the lamina MM 
and the depth of invasion. Routine staining included hematox-
ylion and eosin and immunohistochemistry with D2-40. Ad-
ditional staining was performed using desmin, CD56, and p40 
individually. 

Stricture prevention 
When the resected ulcer exceeded 75% of the circumference, 
stricture prevention was performed. The regimen for stricture 
prevention was modified during the study period. From 2007 
to 2012, preventive balloon dilation was performed twice week-
ly within the first week after ESD and weekly thereafter until 
complete healing of the resection ulcer and the patients were 
free from dysphagia. From January 2013 to April 2014, pred-
nisolone was administered orally over eight weeks (40 mg daily, 
with a 5-mg dose reduction weekly) based on Japanese stud-
ies.11 From May 2014, we introduced a modified regimen using 
oral prednisolone (starting dose 50 mg; standard tapering over 
eight weeks using 50/40/30/25/20/15/10/5 mg). Tapering and 
duration of administration were individualized according to 
the ulcer healing process (assessed endoscopically) in the first 
tapering period and before stopping steroids.12  

Complications  
Complications were defined as bleeding, perforation, stricture, 
and death. Severe intraprocedural bleeding was noted as a com-
plication, leading to premature termination of ESD. Delayed 
bleeding was defined as the occurrence of hematemesis and/
or melena after ESD. Bleeding was classified as major when the 
hemoglobin drop exceeded 2 g/L.13 Intraprocedural perforation 
was defined as an obvious defect in the muscularis propria 
during ESD. Delayed perforation was diagnosed when post-in-
terventional endoscopy confirmed a defect of the muscularis 
propria, or radiologic imaging showed extravasation of the 
contrast medium. Stricture was defined as a complication when 
patients complained of dysphagia. 

Follow-up 
Follow-up endoscopy using WLI and NBI was scheduled at 3, 6, 

Fig. 1. Endoscopic submucosal dissection procedure of an esophageal squamous cell carcinoma in the proximal esophagus. (A) White light 
endoscopy. (B) Narrow-band imaging. (C) Resection ulcer after endoscopic submucosal dissection. (D) Histology showing esophageal squa-
mous cell carcinoma restricted to the mucosa (M1) without lymphovascular invasion (absolute indication for endoscopic resection; hematox-
ylin and eosin stain, ×40).

AA BB CC DD
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and 12 months after ESD and annually thereafter. Endoscopic 
ultrasonography and computed tomography of the neck, chest, 
and upper abdomen were recommended after 6 and 12 months 
and annually thereafter when the resection was judged as 
non-curative and the patients’ condition allowed ATs in case of 
recurrence. 

Statistical analysis 
Variables were described as counts and percentages or mean 
and standard deviation. The chi-square test or Fisher exact test 
was used to compare the different patient groups. Continuous 
variables were compared using ANOVA or the Kruskal-Wallis 
test. For each group, a Kaplan-Meier curve of the overall surviv-
al and disease-specific survival was estimated, and differences 

between these groups were tested using a log-rank test. The sta-
tistical analysis was performed using R ver. 4.1.0 (R Core Team 
2021, Vienna, Austria). All tests were two-sided, and a p-value 
<0.05 was considered significant. 

RESULTS 

Patient and lesion characteristics 
Over a 14-year period, ESD was performed in 60 patients. Fif-
ty-seven patients presented with one ESCC and another three 
with two synchronous ESCCs, resulting in a total of 63 ESDs. 
Histopathological analysis did not confirm ESCC in two re-
section specimens, despite previous biopsies showing ESCC 
in one of these patients and high-grade dysplasia in the other. 

58 Patients with 61 lesions - resection with ESD

Follow-up

Recurrences

Group A

27 Patients (46.6%)
27 Lesions

M1 L0 V0 n=16
M2 L0 V0 n=11

n=0

Group B

11 Patients (19.0%)
11 Lesions

M3 L0 V0 n=11

n=1 (9.1%)
Distant n=1 (after chemoradiation)

Additional treatment 

Not performed because of 
comorbidlity n=9

Patients refusal n=1
Chemoradiation n=1

Surgery n=0

Group C

20 Patients (34.5%)
23 Lesions
M3 L1 n=2
M3 V1 n=1

SM3 L0 V0 n=13
SM3 L1 V0 n=4

(+ 3 synchronous M1 lesions)

Without AT n=3/10 (30%)
Local n=2
Local and distant n=1

With AT n=2/10 (20%)
Distant n=1
Local and distant n=1

Additional treatment 

Not performed because of 
comorbidlity n=6

Patients refusal n=4
Chemoradiation n=9

Surgery n=1

Fig. 2. Patients’ inclusion and additional treatment after endoscopic submucosal dissection. ESD, endoscopic submucosal dissection; SM, sub-
mucosal invasion; AT, additional treatment.
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These two patients were excluded from further analyses. In the 
remaining 58 patients, histology confirmed curative resection 
in 27 patients (46.6%) (group A). Eleven patients (19.0%) were 
classified into group B and 20 patients (34.5%) into group C 
(Fig. 2). Group C included three patients with synchronous 
lesions which were resected during a single procedure. The syn-
chronous lesions fulfilled the curative resection criteria, but the 
patients were classified into group C according to the more ag-
gressive lesion. The patient characteristics, comorbidities, and 
indications for diagnostic endoscopy are shown in Table 1. The 

lesions characteristics are summarized in Table 2. 

Procedure characteristics and complications 
After excluding two patients without neoplasia in the ESD 
specimen, the procedure characteristics were analyzed for 61 
ESDs (Table 3). ESD was performed successfully for all lesions. 
R0 resection was confirmed in 59/61 ESCCs (96.7%), while two 
specimens (3.3%) showed R1 resection at the horizontal margin 
despite the use of Lugol staining. Strictures were seen in 7/61 
resections (11.5%). The stricture rate was 85.7% (6/7) after cir-
cumferential resection and 9.1% (1/11) after resection of 76% to 
99% of the circumference. All the strictures were endoscopically 
managed. Bleeding, perforation, or procedure-related mortality 
were not observed.  

Table 1. Patients characteristics
Characteristic Value
Patients 58 (100)
Age (yr) 67.4±7.5
 Male 45 (77.6)
 Female 13 (22.4)
Comorbidity
 Alcohol abuse 36 (62.1)
 Tobacco abuse 34 (58.6)
 Alcohol and tobacco abuse 24 (41.4)
 Previous ENT cancer (SCC) 9 (15.5)
 Previous esophageal cancer (SCC) 7 (12.1)
 Previous radiotherapy of the mediastinum 7 (12.1)
 Liver cirrhosis 11 (19.0)
 Chronic pancreatitis 5 (8.6)
 Ischemic heart disease 11 (19.0)
 Chronic obstructive pulmonary disease 11 (19.0)
 Peripheral arterial obstructive disease 8 (13.8)
 ASA status
  1 5 (8.6)
  2 22 (37.9)
  3 31 (53.4)
 Charlson comorbidity index 5±1.4
Indication for diagnostic endoscopy
 Surveillance after SCC (ENT or esophageal) 15 (25.9)
 Screening or follow-up for esophageal varices 6 (10.3)
 Dysphagia and/or odynophagia 5 (8.6)
 Heartburn 7 (12.1)
 Other symptoms (gastrointestinal bleeding, 

anemia, abdominal pain, chest pain, diarrhea, 
biliopancreatic intervention, etc.)

19 (32.8)

 Screening EGD (offered in combination with 
screening colonoscopy)

7 (12.1)

Values are presented as number (%) or mean±standard deviation.
ENT, ear, nose, throat; SCC, squamous cell carcinoma; ASA, American 
Society of Anesthesiologists; EGD, esophagogastroduodenoscopy.

Table 2. Lesions characteristics (61 resected lesions)
Characteristic Value
Localization
 Cervical esophagus (proximal margin <20 cm from 

the incisors)
7 (11.5)

 Upper third (proximal margin 20-24 cm) 11 (18.0)
 Middle third (proximal margin 25-32 cm) 34 (55.7)
 Lower third (proximal margin >32 cm) 9 (14.8)
Paris classification
 0-Is 1 (1.6)
 0-Is+IIb 1 (1.6)
 0-IIa 5 (8.2)
 0-IIb 37 (60.7)
 0-IIc 1 (1.6)
 0-IIa+IIb 16 (26.2)
Maximal diameter of the lesion (mm) 28.4±15.3
Depth of invasion
 M1 (in situ carcinoma) 19 (31.1)
 M2 11 (18.0)
 M3 14 (23.0)
 SM ≤200 µm 3 (4.9)
 SM >200 µm 14 (23.0)
Grading
 G1 22 (36.1)
 G2 32 (52.5)
 G3 7 (11.5)
Lymphovascular invasion
 L1 6 (9.8)
 V1 1 (1.6)

Values are presented as number (%) or mean±standard deviation.
SM, submucosal invasion.
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AT after ESD  
Twenty-seven patients (46.6%) were followed-up after curative 
resection without AT (group A). AT was recommended for 11 
patients in group B and 20 patients in group C. AT was per-
formed in 1/11 patients (9.1%) in group B and in 10/20 patients 
(50.0%) in group C. AT was not performed in 20/31 patients in 
both the groups (64.5%). AT was not performed because of co-
morbidities in 15 patients (previous chemoradiation of the me-
diastinum, n=5; chronic obstructive pulmonary disease, n=4; 
ischemic heart disease, n=3; liver cirrhosis, n=3), and patient 
refusal in another five (Fig. 2). 

Follow-up and recurrences 
Fifty-eight patients were included in the follow-up analysis 
and analyzed separately for different groups. The three groups 
were comparable in terms of patient characteristics, comorbid-
ities, and R0 resection (Table 4). The AT rate was significantly 
higher in group C (p<0.001). Local recurrence was observed 
in 4/20 patients (20.0%) in group C (three patients without AT 
and one patient after chemoradiation). Metastatic recurrence 
was diagnosed in one patient in group B (liver metastases 29 
months after ESD and additional chemoradiation of an M3 L0 

ESCC with poor differentiation) and in another three patients 
in group C (pulmonary metastases 15 months after ESD with-
out AT, lymph node metastases 7 months after ESD without AT, 
liver metastases 40 months after ESD, and additional chemo-
radiation) (Fig. 2). In patients who underwent R1 resection of 
the horizontal margin, no recurrence occurred. Metachronous 
lesions were not observed during the follow-up. 

Survival 
A total of 29/58 (50.0%) patients died during follow-up. Five 
deaths were related to recurrent ESCC (four patients with meta-
static disease and one patient with local recurrence who refused 
further treatment and nutrition). Twenty-four deaths were 
related to other causes (other malignancies, n=9; cardiovascu-
lar disease, n=8; pulmonary disease, n=3; liver cirrhosis, n=1; 
others, n=3). Mortality rates were 37.0%, 63.6%, and 60.0% in 
group A, B and C, respectively (p=0.180). Mean follow-up peri-
ods were 3.9 years, 5.8 years, and 2.5 years, respectively. Disease 
specific survival was 100% after curative resection and signifi-
cantly worse after non-curative resection (p=0.038). Overall 
survival was comparable after curative and non-curative resec-
tions (p=0.015). Disease-specific survival and overall survival is 
shown in Figure 3. 

DISCUSSION 

ESD is recommended for ER of superficial ESCC according to 
Asian and European guidelines.6,7 However, data are mainly 
restricted to Asian publications, and data from Western regions 
are scarce. In particular, the long-term follow-up is unknown 
in Western patients. Therefore, we analyzed the follow-up after 
ESD for ESCC in a European referral center. Asian studies have 
demonstrated a high rate of technical success for ESD in super-
ficial ESCC. En bloc resection and complete resection rates were 
95.1% and 89.4% in a meta-analysis that included 15 Asian 
studies.14 Smaller European studies described R0 resection in 
80% to 98%.15-17 In our study, we confirmed an R0 resection rate 
of 96.7%. ESD seems to be an ideal ER method for superficial 
ESCC and has gained acceptance worldwide. 

High R0 resection rates in contrast to much lower rates of 
curative resection, which have been reported as 46.2% to 71.4% 
in European studies.16,17 ER of ESCC is defined as curative for 
M1/M2 lesions without LVI.6 Japanese guidelines define these 
lesions as “absolute indication” for ER.7,8 Lesions invading the 
MM (M3) or the superficial submucosal layer (submucosal 

Table 3. Procedure characteristics (61 resected lesions)
Characteristic Value
Resection specimen (cm2) 10.9±6.4
Resection rates
 R0 resection 59 (96.7)
 R1 resection horizontal margin 2 (3.3)
 R1 resection vertical margin 0 (0)
Curative resection (M1/M2 without LVI) 30 (49.2)
Non-curative resection 31 (50.8)
 M3 without LVI 11 (18.0)
 pT1b or any LVI 20 (32.8)
Circumferential extension of the resection ulcer after ESD
 ≤50% 12 (19.7)
 50%–75% 31 (50.8)
 76%–99% 11 (18.0)
 Circumferential 7 (11.5)
Complications
 Stricture 7 (11.5)a)

 Bleeding 0 (0)
 Perforation 0 (0)

Values are presented as mean±standard deviation or number (%).
LVI, lymphovascular invasion.
a)Six strictures were seen after circumferential resection; one stricture was 
seen after resection of 80% of the circumference.
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Table 4. Follow-up results in 58 patients with a minimum follow-up of six months
Variable Group A Group B Group C p-value
Patients 27 (100) 11 (100) 20 (100)
Age (yr) 67.1±6.1 66.9±7.2 69.1±9.3 0.604
 Alcohol abuse 19 (70.4) 7 (63.6) 10 (50.0) 0.330
 Tobacco abuse 19 (70.4) 5 (45.5) 10 (50.0) 0.553
 Alcohol and tobacco 12 (44.4) 4 (36.4) 8 (40.0) 0.713
Comorbidity
 Charlson comorbidity index 5.3±1.4 4.7±1.3 5.1±1.4 0.383
 Previous SCC (ENT or esophageal) 5 (18.5) 2 (18.2) 8 (40.0) 0.237
 Liver cirrhosis 7 (25.9) 0 (0) 4 (20.0) 0.164
 Cardiovascular (ischemic heart disease, arterial obstructive disease) 11 (40.7) 3 (27.2) 3 (15.0) 0.158
 COPD 4 (14.8) 2 (18.2) 5 (25.0) 0.688
ESD
 R0 resection 26 (96.3) 11 (100) 19 (95.0) 1.000
Folllow-up after ESD
 Additional treatment after ESD 0 (0) 1 (9.1) 10 (50.0) <0.001
 Metachronous ESCC 0 (0) 0 (0) 0 (0) 1.000
 Local recurrence 0 (0) 0 (0) 4 (20.0) 0.030
 Distant recurrence 0 (0) 1 (9.1) 3 (15.0) 0.085
 Death 10 (37.0) 7 (63.6) 12 (60.0) 0.180
 Cause of death
  ESCC 0 (0) 1 (9.1) 4 (20.0)
  Other cancer 4 (14.8) 3 (27.3) 2 (10.0)
  Cardiovascular 1 (3.7) 2 (18.2) 4 (20.0)
  Pulmonary 1 (3.7) 0 (0) 2 (10.0)
  Hepatic 1 (3.7) 0 (0) 0 (0)
  Other 3 (11.1) 1 (9.1) 0 (0)
Survival
 Overall survival at 2 yr (95% CI) 82.7 (68.6–99.8) 81.8 (61.9–100) 56.1 (36.0–87.4)
 Overall survival at 5 yr (95% CI) 61.5 (43.4–87.1) 63.6 (40.7–99.5) 28.1 (11.2–70.1)
 Follow-up duration (yr) 3.9±3.1 5.8±3.5 2.5±2.2 0.016

Values are presented as number (%) or mean±standard deviation unless otherwise indicated.
SCC, squamous cell carcinoma; ENT, ear, nose, throat; COPD, chronic obstructive pulmonary disease; ESD, endoscopic submucosal dissection; ESCC, 
esophageal squamous cell carcinoma; CI, confidence interval.

invasion ≤200 µm) have a low risk of LNM when LVI is ruled 
out. Japanese guidelines classify these lesions as “relative indi-
cations” for ER. A comprehensive evaluation of AT is recom-
mended for lesions invading the MM without LVI and AT (sur-
gery or chemoradiation) is recommended for lesions with LVI 
and for lesions invading the submucosal layer.7,8 

In our study, 46.6% of patients fulfilled the curative resection 
criteria, 19.0% were M3 lesions without LVI, and 34.5% were 
lesions with submucosal invasion and/or LVI after ESD. Asian 
studies have reported higher rates of curative resection. Recent-
ly, Iwai et al.18 reported 659 patients who underwent ESD for 
ESCC in ten Japanese centers over a 9-year-period. The abso-

lute indication criteria was fulfilled by 68.9%, relative indication 
criteria was fulfilled by 12.3%, and only 4.7% were shown to 
be lesions with deep submucosal invasion or LVI. One possible 
reason for the low curative resection rates in Western studies 
may be the rareness of superficial ESCC, causing difficulties in 
the pretherapeutic assessment of histopathological features such 
as invasion depth and LVI. In a large German multicenter study, 
which included 306 esophageal ESDs, only 51 were ESCCs.17 
Another difference between Asian and Western countries is 
screening endoscopies of the upper gastrointestinal tract, which 
are routinely performed in Asian countries and may allow for 
diagnosis of ESCC in earlier stages. In our study, the majority 
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Fig. 3. Kaplan-Meier survival after endoscopic submucosal dissection for superficial esophageal squamous cell carcinoma. (A) Overall sur-
vival for the different groups A, B, C. (B) Disease specific survival for the different groups A, B, C. (C) Overall survival after curative resection 
versus non-curative resection. (D) Disease specific survival after curative resection versus non-curative resection.

of ESCCs were diagnosed during follow-up endoscopy in high-
risk patients with previous SCCs or esophageal varices. Pre-in-
terventional assessment of superficial ESCC is crucial and must 
be improved in Western countries. The pre-interventional 
work-up should include image-enhanced endoscopy and/or 
Lugol chromoendoscopy to define the extent of lesions and en-

doscopic ultrasound to define the invasion depth and rule out 
LNM. Furthermore, magnifying endoscopy with NBI is recom-
mended to assess the depth of invasion before treatment.19,20 A 
large Japanese study reported a positive predictive value of 93% 
for invasion of the epithelium/lamina propria, 65% for invasion 
of the MM or superficial submucosal invasion, and 77% for 

Non-curative 
resection

Non-curative 
resection
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deep submucosal invasion.21 The data on NBI have been pub-
lished during the last few years and were not available during 
the first half of our study. 

In our study, AT had to be recommended in 53.4% of patients 
when resection was judged as non-curative. AT was performed 
in 1/11 (9.1%) patients with M3 lesions without LVI and 10/20 
(50.0%) patients with lesions invading the submucosal layer 
or showing LVI. In contrast, AT was not performed in 20/31 
patients in both groups (64.5%). AT was not performed due to 
comorbidity (75%) and patient refusal (25%). This data shows 
the clinical problems of European patients who present with 
significant comorbidity, mostly associated with a history of 
alcohol and tobacco abuse. In the present study, 62.1% of the 
patients reported alcohol abuse, 58.6% reported tobacco abuse, 
and a substantial proportion of patients presented with a his-
tory of previous SCCs (ear, nose, throat cancer or ESCC), car-
diovascular disease, chronic obstructive pulmonary disease, or 
liver cirrhosis. 

During long-term follow-up, 29/58 (50.0%) of the patients 
died. Five deaths were related to recurrent ESCC, whereas 24 
were related to other causes (predominantly other malignancies 
in 31.0% and cardiovascular disease in 24.1%). ESCC-related 
deaths were observed in the MM (9.1%) and the submucosal 
invasion/LVI (20%) groups. No ESCC-related death was ob-
served after curative resection. The low rate of ESCC-related 
deaths in the M3 group confirms the Japanese data, which al-
lows follow-up without AT for those patients. A large Japanese 
study reported recurrence rates of 2.3% for M3 lesions and 4.3% 
for lesions invading the superficial submucosa (≤200 µm). Risk 
factors for recurrence without AT were LVI (hazard ratio [HR], 
5.61), positive vertical margin (HR, 4.55), and submucosal-in-
vasion >200 µm (HR, 3.25).22 

Corresponding to the literature, disease-specific survival in 
our study was 100% after curative ER and significantly worse 
after non-curative resection (p=0.038). In contrast to the ex-
cellent disease-specific survival, the 5-year overall survival was 
61.5% after curative resection and significantly worse after re-
section of submucosal invasion/LVI lesions (28.1%) (p=0.025). 
The prognosis of our patients was mainly unrelated to ESCC 
and mostly determined by the underlying comorbidities caused 
by alcohol and tobacco consumption. A recent study from Ko-
rea described a 5-year survival rate of 60.2% for patients with 
a Charlson comorbidity index of >2. Similar to our results, 
secondary malignancies were the most common cause of death 
(75%).23 

Our study confirms the efficacy of ESD for superficial ESCC 
in terms of en bloc and R0 resection in a Western referral center. 
However, the rate of non-curative resections remains substan-
tial and more than one-third of patients show histopatholog-
ical high-risk features (submucosal invasion, LVI) despite R0 
resection. Early diagnosis and pre-interventional stratification 
regarding endoscopic versus non-endoscopic treatment need 
to be improved in the Western world. The long-term prognosis 
of superficial ESCC is limited in Western patients and is mainly 
determined by secondary malignancies and cardiovascular co-
morbidities associated with alcohol and tobacco consumption.  

Conflicts of Interest 

The authors have no potential conflicts of interest. 

Funding 

None. 

Author Contributions 

Conceptualization: AP; SE; HM; Methodology: AP, SE, SS, GM; 
Software: SS, GM; Formal analysis: SS, GM; Investigation: AP, 
AE, CF, TS, BM, BG; Data curation: AP, SS, GM; Writing–original 
draft: AP, AE; Writing–review & editing: AP, AE, SE, SS, HM. 

ORCID 

Andreas Probst https://orcid.org/0000-0002-1486-9298 
Alanna Ebigbo https://orcid.org/0000-0001-7765-035X 
Stefan Eser https://orcid.org/0000-0002-2197-8281 
Carola Fleischmann https://orcid.org/0000-0001-5894-3800 
Tina Schaller https://orcid.org/0000-0003-2295-8810 
Bruno Märkl https://orcid.org/0000-0002-7704-850X 
Stefan Schiele https://orcid.org/0000-0003-2054-9052 
Bernd Geissler https://orcid.org/0000-0002-7224-6064 
Gernot Müller https://orcid.org/0000-0002-4426-6252 
Helmut Messmann https://orcid.org/0000-0002-4026-6837 

REFERENCES 
1.  Ferlay J, Ervik M, Lam F, et al. Global cancer observatory: can-

cer today. Lyon: International Agency for Research on Cancer; 
2020 [cited 2021 Jul 11]. Available from: https://gco.iarc.fr/today/
online-analysis-map?v=2020&mode=population&mode_popula-
tion=continents&population=900&populations=900&key=asr&-
sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_
group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_

Probst et al. ESD for esophageal cancer in Europe

63

https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D
https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D
https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D
https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D
https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D


items=10&group_cancer=1&include_nmsc=0&include_nmsc_
other=0&projection=natural-earth&color_palette=default&map_
scale=quantile&map_nb_colors=5&continent=0&show_
ranking=0&rotate=%255B10%252C0%255D.

2.  Arnold M, Ferlay J, van Berge Henegouwen MI, et al. Global burden 
of oesophageal and gastric cancer by histology and subsite in 2018. 
Gut 2020;69:1564–1571. 

3.  Probst A, Aust D, Märkl B, et al. Early esophageal cancer in Europe: 
endoscopic treatment by endoscopic submucosal dissection. Endos-
copy 2015;47:113–121. 

4.  Oyama T, Tomori A, Hotta K, et al. Endoscopic submucosal dissec-
tion of early esophageal cancer. Clin Gastroenterol Hepatol 2005;3(7 
Suppl 1):S67–S70. 

5.  Takahashi H, Arimura Y, Masao H, et al. Endoscopic submucosal 
dissection is superior to conventional endoscopic resection as a cu-
rative treatment for early squamous cell carcinoma of the esophagus 
(with video). Gastrointest Endosc 2010;72:255–264. 

6.  Pimentel-Nunes P, Dinis-Ribeiro M, Ponchon T, et al. Endoscopic 
submucosal dissection: European Society of Gastrointestinal Endos-
copy (ESGE) Guideline. Endoscopy 2015;47:829–854. 

7.  Kitagawa Y, Uno T, Oyama T, et al. Esophageal cancer practice guide-
lines 2017 edited by the Japan esophageal society: part 2. Esophagus 
2019;16:25–43. 

8.  Ishihara R, Arima M, Iizuka T, et al. Endoscopic submucosal dissec-
tion/endoscopic mucosal resection guidelines for esophageal cancer. 
Dig Endosc 2020;32:452–493. 

9.  Endoscopic Classification Review Group. Update on the Paris classi-
fication of superficial neoplastic lesions in the digestive tract. Endos-
copy 2005;37:570–578. 

10. Veitch AM, Vanbiervliet G, Gershlick AH, et al. Endoscopy in pa-
tients on antiplatelet or anticoagulant therapy, including direct oral 
anticoagulants: British Society of Gastroenterology (BSG) and Eu-
ropean Society of Gastrointestinal Endoscopy (ESGE) guidelines. 
Endoscopy 2016;48:385–402. 

11. Yamaguchi N, Isomoto H, Nakayama T, et al. Usefulness of oral pred-
nisolone in the treatment of esophageal stricture after endoscopic 
submucosal dissection for superficial esophageal squamous cell car-
cinoma. Gastrointest Endosc 2011;73:1115–1121. 

12. Probst A, Ebigbo A, Märkl B, et al. Stricture prevention after exten-
sive endoscopic submucosal dissection of neoplastic Barrett’s esoph-
agus: individualized oral steroid prophylaxis. Gastroenterol Res 

Pract 2019;2019:2075256. 
13. Cotton PB, Eisen GM, Aabakken L, et al. A lexicon for endoscopic 

adverse events: report of an ASGE workshop. Gastrointest Endosc 
2010;71:446–454.  

14. Kim JS, Kim BW, Shin IS. Efficacy and safety of endoscopic submu-
cosal dissection for superficial squamous esophageal neoplasia: a 
meta-analysis. Dig Dis Sci 2014;59:1862–1869. 

15. Repici A, Hassan C, Carlino A, et al. Endoscopic submucosal dis-
section in patients with early esophageal squamous cell carcinoma: 
results from a prospective Western series. Gastrointest Endosc 
2010;71:715–721. 

16. Lorenzo D, Barret M, Leblanc S, et al. Outcomes of endoscopic sub-
mucosal dissection for early oesophageal squamous cell neoplasia 
at a Western centre. United European Gastroenterol J 2019;7:1084–
1092. 

17. Fleischmann C, Probst A, Ebigbo A, et al. Endoscopic submucosal 
dissection in Europe: results of 1000 neoplastic lesions from the Ger-
man Endoscopic Submucosal Dissection Registry. Gastroenterology 
2021;161:1168–1178. 

18. Iwai N, Dohi O, Yamada S, et al. Prognostic risk factors associated 
with esophageal squamous cell carcinoma patients undergoing en-
doscopic submucosal dissection: a multi-center cohort study. Surg 
Endosc 2022;36:2279–2289. 

19. Park CH, Yang DH, Kim JW, et al. Clinical practice guideline for 
endoscopic resection of early gastrointestinal cancer. Clin Endosc 
2020;53:142–166. 

20. Oyama T, Inoue H, Arima M, et al. Prediction of the invasion depth 
of superficial squamous cell carcinoma based on microvessel mor-
phology: magnifying endoscopic classification of the Japan Esopha-
geal Society. Esophagus 2017;14:105–112. 

21. Katada C, Tanabe S, Wada T, et al. Retrospective assessment of the 
diagnostic accuracy of the depth of invasion by narrow band imag-
ing magnifying endoscopy in patients with superficial esophageal 
squamous cell carcinoma. J Gastrointest Cancer 2019;50:292–297. 

22. Hatta W, Koike T, Takahashi S, et al. Risk of metastatic recurrence 
after endoscopic resection for esophageal squamous cell carcinoma 
invading into the muscularis mucosa or submucosa: a multicenter 
retrospective study. J Gastroenterol 2021;56:620–632. 

23. Kim GH, Na HK, Ahn JY, et al. Long-term outcomes and factors 
affecting the survival of patients with mucosal esophageal squamous 
cell carcinoma. Gut Liver 2021;15:705–712. 

64

https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D
https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D
https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D
https://gco.iarc.fr/today/online-analysis-map?v=2020&mode=population&mode_population=continents&population=900&populations=900&key=asr&sex=0&cancer=6&type=0&statistic=5&prevalence=0&population_group=0&ages_group%5B%5D=0&ages_group%5B%5D=17&nb_items=10&group_cancer=1&include_nmsc=0&include_nmsc_other=0&projection=natural-earth&color_palette=default&map_scale=quantile&map_nb_colors=5&continent=0&show_ranking=0&rotate=%255B10%252C0%255D
https://doi.org/10.1136/gutjnl-2020-321600
https://doi.org/10.1136/gutjnl-2020-321600
https://doi.org/10.1136/gutjnl-2020-321600
https://doi.org/10.1055/s-0034-1391086
https://doi.org/10.1055/s-0034-1391086
https://doi.org/10.1055/s-0034-1391086
https://doi.org/10.1016/S1542-3565(05)00291-0
https://doi.org/10.1016/S1542-3565(05)00291-0
https://doi.org/10.1016/S1542-3565(05)00291-0
https://doi.org/10.1016/j.gie.2010.02.040
https://doi.org/10.1016/j.gie.2010.02.040
https://doi.org/10.1016/j.gie.2010.02.040
https://doi.org/10.1016/j.gie.2010.02.040
https://doi.org/10.1055/s-0034-1392882
https://doi.org/10.1055/s-0034-1392882
https://doi.org/10.1055/s-0034-1392882
https://doi.org/10.1007/s10388-018-0642-8
https://doi.org/10.1007/s10388-018-0642-8
https://doi.org/10.1007/s10388-018-0642-8
https://doi.org/10.1111/den.13654
https://doi.org/10.1111/den.13654
https://doi.org/10.1111/den.13654
https://doi.org/10.1055/s-2005-861352
https://doi.org/10.1055/s-2005-861352
https://doi.org/10.1055/s-2005-861352
https://doi.org/10.1055/s-0042-102652
https://doi.org/10.1055/s-0042-102652
https://doi.org/10.1055/s-0042-102652
https://doi.org/10.1055/s-0042-102652
https://doi.org/10.1016/j.gie.2011.02.005
https://doi.org/10.1016/j.gie.2011.02.005
https://doi.org/10.1016/j.gie.2011.02.005
https://doi.org/10.1016/j.gie.2011.02.005
https://doi.org/10.1155/2019/2075256
https://doi.org/10.1155/2019/2075256
https://doi.org/10.1155/2019/2075256
https://doi.org/10.1155/2019/2075256
https://doi.org/10.1016/j.gie.2009.10.027
https://doi.org/10.1016/j.gie.2009.10.027
https://doi.org/10.1016/j.gie.2009.10.027
https://doi.org/10.1007/s10620-014-3098-2
https://doi.org/10.1007/s10620-014-3098-2
https://doi.org/10.1007/s10620-014-3098-2
https://doi.org/10.1016/j.gie.2009.11.020
https://doi.org/10.1016/j.gie.2009.11.020
https://doi.org/10.1016/j.gie.2009.11.020
https://doi.org/10.1016/j.gie.2009.11.020
https://doi.org/10.1177/2050640619852260
https://doi.org/10.1177/2050640619852260
https://doi.org/10.1177/2050640619852260
https://doi.org/10.1177/2050640619852260
https://doi.org/10.1053/j.gastro.2021.06.049
https://doi.org/10.1053/j.gastro.2021.06.049
https://doi.org/10.1053/j.gastro.2021.06.049
https://doi.org/10.1053/j.gastro.2021.06.049
https://doi.org/10.1007/s00464-021-08502-1
https://doi.org/10.1007/s00464-021-08502-1
https://doi.org/10.1007/s00464-021-08502-1
https://doi.org/10.1007/s00464-021-08502-1
https://doi.org/10.5946/ce.2020.032
https://doi.org/10.5946/ce.2020.032
https://doi.org/10.5946/ce.2020.032
https://doi.org/10.1007/s10388-016-0527-7
https://doi.org/10.1007/s10388-016-0527-7
https://doi.org/10.1007/s10388-016-0527-7
https://doi.org/10.1007/s10388-016-0527-7
https://doi.org/10.1007/s12029-018-0075-6
https://doi.org/10.1007/s12029-018-0075-6
https://doi.org/10.1007/s12029-018-0075-6
https://doi.org/10.1007/s12029-018-0075-6
https://doi.org/10.1007/s00535-021-01787-y
https://doi.org/10.1007/s00535-021-01787-y
https://doi.org/10.1007/s00535-021-01787-y
https://doi.org/10.1007/s00535-021-01787-y
https://doi.org/10.5009/gnl20254
https://doi.org/10.5009/gnl20254
https://doi.org/10.5009/gnl20254


INTRODUCTION 

Gastric varices (GV) are present in 15% to 25% of patients with 
liver cirrhosis, with gastroesophageal varices type 1 (GOV 1) 
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endoscopic ultrasound (EUS)-guided treatment in severe liver disease (model for end stage liver disease sodium [MELD-Na] >18 and 
Child-Turcotte-Pugh [CTP] C with GV) are scarce. Thus, we performed a retrospective comparison of endoscopic glue injection with 
EUS-guided therapy in cirrhotic patients with large GV. 
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being the most common type.1 Although the incidence of GV 
bleeding is low (10%–20%), that of GV rebleeding is very high,  
with an associated mortality of up to 30%.1,2 GV can also be 
present in patients without intra-hepatic portal hypertension, 
as seen in left sided portal hypertension, which include pancre-
atitis (acute or chronic), pancreatic malignancy, myeloprolifer-
ateive disorders (polycythemia vera, essential thrombocytosis), 
or in certain hereditary disorders.1-3 As portal pressure deter-
mines the outcomes of bleeding and development of complica-
tions (decompensation: ascites, hepatic encephalopathy [HE]) 
in patients with cirrhosis, bleeding in esophageal varices (EV) 
is relatively proportional to portal pressure. Therefore, treat-
ment for EV is focused on lowering portal pressure. However, 
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in patients with GV bleeding, portal pressure may be normal 
or even lower (<10–12 mmHg), which is why targeting the 
portal pressure is insufficient in the treatment of GV bleeding. 
Moreover, the presence of a thick mucosal cover makes it diffi-
cult to control the bleeding in some cases. As such, procedures 
which decrease portal pressure (e.g., transjugular intrahepatic 
portosystemic shunt [TIPS]) without any combination are un-
satisfactory in GV. Given all this, the standard treatment of GV 
has been focused on the localized cessation of the blood flow in 
the collateral or shunt (using balloon occlusion with retrograde 
transvenous obliteration [BRTO] or plug-assisted retrograde 
transvenous obliteration) (Supplementary Fig. 1).4-11 

Risk factors for bleeding from the GV include the following5: 
(1) stigmata of recent hemorrhage (ulcer, visible bleeding, or 
red spot); (2) advanced or severe liver disease: decompensated 
liver disease, high model for end stage liver disease sodium 
(MELD-Na), or acute on chronic liver failure (ACLF); (3) lo-
cation of the varices: isolated gastric varices type 1 (IGV1) > 
GOV2 >GOV1; (4) presence of portal vein thrombosis; and (5) 
presence of portal hypertensive gastropathy.7-13 

As there is scarcity of data on the ideal treatment modality in 
cases of GV with severe liver disease (MELD-Na >18, Child-
Turcotte-Pugh [CTP]-C, and ACLF), TIPS and BRTO are 
relatively contraindicated. Fortunately, endoscopic ultrasound 
(EUS)-guided angiotherapy and endoscopic glue injection (EGI) 
can be indicated treatment modalities in such patients. To that 
end, we performed a study comparing EGI (standard treat-
ment) with EUS-guided glue and coil injection in severe liver 
disease patients (MELD-Na >18 and CTP-C) with large GV. 

METHODS 

A retrospective analysis of prospectively collected data was done 
after obtaining an ethical approval and the valid consent of all 
patients diagnosed with GV. The included patients had previ-
ously received EGI as the first line treatment and were planned 
for the management of large GV as a secondary endotherapy 
(after the initial episode of GV bleeding). Data were collected 
from June 2016 to December 2019, and the follow-up period 
lasted for 12 months post-procedure to observe the possible 
development of delayed complications, including rebleeding, 
development of new GV, disappearance of GV, and increasing 
size of EV. There was no cross over in between the groups, if the 
patient developed rebleeding. Such patients were managed with 
the same endoscopic treatment or were rescued with a BRTO 

procedure. Furthermore, since the primary outcome of the 
study was rebleeding, it was initially decided to make the study 
groups more homogenous. 

All patients were on beta blockers, and dose titration was 
done as per the standard of care. In case of acute bleeding, pa-
tients were started on injectable vasopressors (terlipressin or 
octreotide infusion) and antibiotics, as per the standard, and 
blood products were transfused if required.10-13 

GV were classified as per Sarin classification1,5 on the location 
and size as follows: (1) small, size <5 mm; (2) moderate, 5-10 
mm; and (3) large, >10 mm. 

Inclusion criteria 
(1) GV (GOV2 and IGV1), (2) recent bleeding from the GV, (3) 
GV size >10 mm, (4) severe liver disease defined as ACLF (as 
per APASL classification) or advanced liver disease (MELD-Na 
>18, CTP-C), and (5) being unfit for TIPS due to previous epi-
sodes of HE or having a high MELD score (MELD-Na >18).  

Exclusion criteria 
(1) Unwilling patients; (2) pregnancy; (3) small GOV1; (4) ad-
vanced hepatocellular carcinoma defined as Barcelona clinic 
liver cancer (BCLC) staging system stage C or D; (5) advanced 
splenoportal venous thrombosis (portal vein and splenic vein, 
portal vein and superior mesenteric vein); (6) portosystemic 
shunting, especially hepatopulmonary syndrome or intracardi-
ac shunt that increases the probability of systemic embolization, 
which was diagnosed on the basis of clinical signs/symptoms, 
imaging, or on echocardiography; (7) previous history of glue 
embolization during EGI; and (8) large EV (>5 mm) with signs 
of high risk (red color signs, cherry red spots, platelet plug), es-
pecially in the lower esophagus in cases where transesophageal 
puncture is being planned. 

The selection criteria for patients in the EUS group were as 
follows: (1) being referred from the treating gastroenterologist 
for EUS-guided therapy, (2) recurrence of GV bleeding after 
EGI session, and (3) persistence of large GV after EGI session 
(assessed endoscopically as size >10 mm and soft consistency 
on probing). 

A subgroup analysis was also performed for those who un-
derwent EUS-guided gastric varices therapy (GVT), wherein 
one group was targeted in the fundus and the other group in 
the paragastric collateral (PGC). Patients who were selected for 
PGC were chosen on the basis of their portovenous anatomy 
(either with computed tomography [CT] venography or mag-
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netic resonance venography), including those with a large PGC 
and/or large perigastric shunt (short gastric vein and posterior 
gastric vein), in addition to the gastric submucosal component. 
If no shunt or collateral was noted, then the gastric fundus was 
targeted. Both groups were compared, and the results were ana-
lyzed. 

Procedure details are further provided in Supplementary Ma-
terial 1. 

Follow-up endoscopy 
A follow-up endoscopy and EUS Doppler were done at the end 
of 3 months of treatment, or earlier in case of rebleeding. Var-
iceal treatment was defined as complete if there were no rem-
nant GV or hardening of GV on endoscopic examination, or if 
no color flows were noted on Doppler examination. Meanwhile, 
treatment was defined as incomplete in case of the persistence 
soft varices on endoscopic examination or if persistence of 
blood flow was noted on Doppler. In such cases, a repeat in-
jection was done, wherein repeat coil and glue was injected for 
cases that underwent EUS initially. 

Study outcomes 
The primary outcome was rebleeding after the initial treatment. 
The secondary outcome measure was complications, such as 
embolization, death, or sepsis. 

Rebleeding was defined as presence of hematemesis and/
or melena, with findings of a hemoglobin (Hb) drop of >2 g/
dL from the baseline, stigmata of recent GV hemorrhage, and 
no other etiology for the cause of bleeding. Embolization was 
defined as the documentation of an embolus on post-proce-
dural imaging, in addition to presence of symptoms. Death was 
determined to be related to the procedure if no other etiology 
could be found. Sepsis was defined on the basis of the presence 
of symptoms (fever, tachycardia), blood parameters (leukocyto-
sis, increased serum procalcitonin), and positive blood cultures. 

Statistical analysis 
Patient and GV characteristics, procedure details, and proce-
dural outcomes were summarized as frequencies for categorical 
variables, and proportions, means with standard deviations, 
and medians with interquartile ranges for continuous variables. 
Categorical variables were then compared between the EGI and 
EUS-GVT groups using either Fisher’s exact test or the Chi-
square test as indicated, whereas continuous variables were 
compared using the Wilcoxon rank sum test. For all analyses, 

statistical significance was set at p<0.05, and data were com-
piled using Microsoft Excel and analyzed using IBM SPSS ver. 
22.0 software (IBM Corp., Armonk, NY, USA). 

Post-procedural complications 
Patients were assessed for the development of post-procedural 
complications, including perforation, bleeding, pain, infection, 
or systemic embolism. These were monitored at the follow-
ing time periods: 6 hours post-procedure until discharge, one 
week after the procedure, monthly for two months, and then 6 
months post-procedure. Perforation was defined as the pres-
ence of free air under the diaphragm. Bleeding was defined 
as Hb drop of >2 g/dL post-procedure that required blood 
transfusion. Systemic embolism was defined as the presence of 
symptoms with a documented embolus on imaging (CT scan of 
thorax). 

Ethical statements
The study was approved by Institutional Review board number: 
F.27.5/7/108/IEC/AC/2017/23178.

RESULTS 

Among the 321 patients presenting with GV bleeding, a total of 
80 patients were included for analysis after exclusion (Fig. 1). 
Data was then retrospectively collected and compared during 
the study period. Patient characteristics are presented in Table 
1. The etiology of liver disease in both groups included alco-
hol-related liver disease, non-alcoholic steatohepatitis (NASH), 
hepatitis B, hepatitis C, and others (autoimmune-related and 
cryptogenic etiologies), which were comparable between the 
two groups, showing no statistical differences. Endoscopic 
treatment was performed as a secondary management (after the 
first bleeding episode) in both groups. The median follow-up 
period was 193 days and 201 days, respectively, which was com-
parable between two groups, showing no statistical differences. 

However, there was a significant decrease in the number of 
endoscopy sessions (4 vs. 1.2), volume of glue injected (6 mL vs. 
2 mL), and rebleeding (5 vs. 0), respectively, in both procedures. 
Moreover, all of these factors were comparatively less in the 
EUS-GVT group (Table 2). 

Complications were noted in both groups, including 12 pa-
tients in the EGI group (five moderate, seven mild) and five 
in EUS-GVT group (all mild). Four patients complained of 
fever (two in EGI group and two in EUS-GVT group), and five 
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Included patients: 126

Patients included in final analysis: 80

Endoscopic glue injection
40

Final patients for analysis 
after 12 months

EUS-guided GV treatment
40

38
Death: 2

Excluded patients: 195
Small GV: 89
PVT/HCC/SVT: 47
Referred for BRTO: 21
MELD-Na <18: 38

Patients not included in the
final analysis: 46
Lost to follow-up: 38
Underwent TIPS for esophageal 

variceal bleeding: 8

Study period: 2016–2019
GV bleeding: recent or post injection
Total patients: 321

37
Death: 3

Fig. 1. Flow chart of the included patients. GV, gastric varices; PVT, portal vein thrombosis; HCC, hepatocelluar carcinoma; SVT, superior 
mesenteric vein thrombosis; BRTO, balloon occlusion with retrograde transvenous obliteration; MELD-Na, model for end stage liver disease 
sodium; TIPS, trans jugular intrahepatic portosystemic shunt; EUS, endoscopic ultrasound.

Table 1. Characteristics of endoscopic management of gastric varices: EGI vs EUS-GVT
Characteristic EGI EUS-GVT p-value
Age (yr) 43.2±7.88 44.1±8.23 0.124
Sex (male/female) 28/12 30/10 -
CTP score 10±1.37  11±1.58 0.213
MELD-Na 20±1.41 21±1.54 0.151
Etiology of liver disease
 Alcohol/NASH/hepatitis B/hepatitis C/others 18/10/6/2/2 20/12/4/2/2 -
Reason for eradication
 Primary/secondary 0/40 0/40 -
Gastric varices size Large Large -
Platelet count (per mm3) 56 60 0.196
Hemoglobin (g/dL) 8.1±0.83 8.9 ±0.70 0.225
Follow-up duration (day) 193 (75–301) 201 (94–378) 0.791

Values are presented as mean±standard deviation or median (range).
EGI, endoscopic glue injection; EUS-GVT, endoscopic ultrasound guided gastric varices therapy; CTP, Child-Turcotte-Pugh; MELD-Na, model for end 
stage liver disease sodium; NASH, non-alcoholic steatohepatitis.
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patients complained of post-procedural abdominal pain (two 
in EGI group and three in EUS-GVT group). Five patients in 
the EGI group had rebleeding, which was managed with repeat 
EGI; however, three patients required further BRTO. Converse-
ly, no rebleeding was noted in the EUS-GVT group. Regarding 
mortalities, three patients in the EGI group and two patients in 
the EUS-GVT group died due to causes unrelated to the proce-
dure on follow-up (one due to pneumonia, one due to sponta-
neous bacterial peritonitis, one due to acute kidney injury, two 
due to HE, and none of them died due to bleeding or emboli-
zation). All these patients died after 3 months of the procedure 
but were still included in the final analysis. 

In the subgroup analysis of the EUS-GVT group, it was noted 
that the volume of glue (2.5 mL vs. 1.5 mL), number of coils (28 
vs. 24), coil extrusion in the gastric lumen (3 vs. 0), and incom-
plete obliteration of the GV (2 vs. 0) were noted less in the PGC 
subgroup than in the gastric fundus group, respectively. In con-
trast, more time was taken to complete the procedure (40 min 
vs. 55 min) in the PGC group (Table 3). 

DISCUSSION 

GV are present in 25% of patients with cirrhosis and portal 

hypertension. In acutely bleeding patients, pharmacotherapy 
with somatostatin, terlipressin, and octreotide could be empir-
ically administered, but the efficacy of these drugs is doubtful. 
During the follow-up of these patients, the addition of beta 
blockers to the standard endoscopic therapy has also shown to 
be beneficial. In contrast, standard endoscopic therapies used 
for EV, including sclerotherapy and band ligation, are less ef-
fective for GV and are associated with high complication rates. 
In fact, prospective randomized control studies comparing EGI 
with ligation techniques and sclerotherapy have shown that EGI 
therapy was superior to both of them. However, although EGI 
has been determined as the standard of care for GV, it has the 
following limitations when compared to EUS-GVT: (1) obliter-
ation of GV (63% vs. 84%), (2) recurrence of GV (18% vs. 9%), 
(3) late rebleeding (16% vs. 12%), and (4) complications (50% 
vs. 25%), respectively.13-18 

EUS has been reported to diagnose GV and portal collater-
al vessels in portal hypertension, perigastric veins, PGC, and 
portal hypertensive gastropathy. Color Doppler EUS can also 
display if the main feeding vein system (inflow vein) receives 
blood from the left gastric vein trunk, posterior gastric vein, or 
short gastric veins. Moreover, it helps in the assessment of the 

Table 2. Comparison between endoscopic modalities: EGI and EUS-
GVT

Characteristic EGI EUS-GVT
No. of patients 40 40
Sessions (mean) 4 1.2
Glue injection (average,  mL) 6±2.31 2±0.91
Procedure time (min) 25±5.67 45±10.74
No. of coils placed - 1.3±0.58 (52 total)
Complications 12 5
Rebleed 5 Nil 
Rescue therapy BRTO in 3 Nil
Follow-up duration (day) 193 (75–301) 201 (94–378)
Adverse events: mild
 Pain 2 3
 Fever 2 2
 HE/rebleed 3 0
Adverse events: moderate
 Rebleed 5 0

Values are presented as mean±standard deviation or median (range).
EGI, endoscopic glue injection; EUS-GVT, endoscopic ultrasound-guided 
gastric varices therapy; BRTO, balloon occlusion with retrograde transve-
nous obliteration; HE, hepatic encephalopathy.

Table 3. Treatment outcomes according to the endoscopic ultra-
sound routes

Characteristic EUS target in  
gastric fundus

EUS targeting  
the PGC

No. of patients 20 20
Sessions 1.3±0.59 1.2±0.53
Glue injection (average, mL) 2.5±0.87 1.5
Procedure time 40±8.67 55±6.42
No. of coils placed (min) 28 (1.4/procedure) 24 (1.2/procedure)
Complications 3 2
Rebleed Nil Nil
Rescue therapy Nil Nil
Follow-up   351 (259–402) 359 (301–394)
Adverse events: mild
 Pain 2 1
 Fever 0 2
 HE/rebleed 0 0
Other findings
 Coil extrusion 3 0
 GV obliteration/disappear-

ance
2 10

Values are presented as mean±standard deviation or median (range).
EUS, endoscopic ultrasound; PGC, paragastric collateral; HE, hepatic en-
cephalopathy; GV, gastric varices.
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outflowing venous drainage via the gastrorenal shunts (Figs. 
2, 3). In cases with extensive PGCs, EUS can help in directing 
treatment when targeting the GV in the fundus or combining it 
with injections in the PGC (Figs. 3, 4).17,18 

In a large retrospective study of 152 patients, simultaneous 
use of EUS-guided glue and coil for GV showed an increased 
success rate of therapy and a decreased rebleeding rate of ap-
proximately 3%, as compared to other studies using conven-
tional treatments with an endoscopic glue, which have reported 
a rebleeding rate of 15% to 25%.19 The study also witnessed 
lower rates of complications in glue or coil embolizations and 
mortalities. The study’s high success rate and minimal compli-
cations can be attributed to the high expertise of the endosco-
pists and a high-volume center.19 

In a previous case series by Romero-Castro et al.18 regarding 
the management of GV, the perforating veins were targeted, 
and the study concluded that targeting the gastric perforating 
veins or collaterals was feasible. Furthermore, the new method 
described was not associated with increased complications, as 
compared to conventional EGI. In our study, we found that 
targeting the PGCs was feasible and was associated with a de-
creased glue volume and coil number requirements. Another 
international study also reported that EUS-guided injection of 
glue into a GV led to the formation of a subendothelial string 
in the outflowing vein, which was covered by endothelial and 
fibroblastic cells.20 Therefore, we believe that EUS-guided glue 
injection into the PGC is an option in patients with especially 
prominent PGCs. For such cases, targeting the draining vessel 

Gastric varix Collateral
Collateral

Spleen

Coil-deployed

Collateral

Coil-being deployed

Collateral

AA

CC

BB

DD

Fig. 2. Endosonographic images for the mucosal component of the gastric varices and connecting collateral (A), the large perisplenic collater-
al (B), an embolization coil deployed into the gastric varices (C), and after the coil has been deployed inside the gastric varices (D).
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CC

EE

PEP vein

Gastric
lumen

Mucosal
GV

Paragastric
collateral

GVPGC

Shunt

SGV

LR
Shunt

P

Gastric varix Collateral

GRS

PV
SV

GRS

A

Fig. 3. The image shows the combination of a cartoon (A, D) showing various components (mucosal, shunt, and paragastric collateral) of 
the gastric varices (GV). (B) The coronal computed tomography scan section shows that the gastrorenal shunt (GRS) drains the GV. The red 
arrow points to the submucosal portion (paragastric collateral), and the white arrow points to the mucosal portion of the GV. (C) Endoscopic 
appearance of the same GV. (E) EUS appearance of the same GV, with the mucosal GV and collateral. LR, lienorenal; PEP, phrenic esophageal 
pericardiac vein; PGC, paragastric collateral; PV, portal vein; SGV, short gastric vein; SV, splenic vein.

(inflowing veins) can produce the blockage of inflow into the 
GV, while using a lesser amount of glue and fewer coils, leading 
to obturation (Figs. 3, 4, and Supplementary Video 1).18,19,21-23 
Despite this, there are limitations to the use of EUS for the man-
agement of GV. First, technical expertise is required for these 
procedures, since vascular endotherapy is technically challeng-
ing and has been associated with complications if performed 
amateurly. Second, there is also a problem in the technique 
in cases of a transgastric approach for management, since the 
deployment of coils and injection of the glue may become chal-
lenging when there is an acute angulation at the tip of scope, 
thereby making the deployment of the glue and coils difficult. 

Lastly, there is also the concern regarding which technique 
should be used for endotherapy (transgastric vs. transesopha-
geal). Since current data have yet to clarify which route is better 
and should be preferred, further trials are required to confirm 
this. For example, in cases of co-existing large EV, the transe-
sophageal route is not preferred due to risk of rupture. Whereas 
in our study, we compared both routes, finding that the transe-
sophageal route was slightly better. Moreover, the PGC is diffi-
cult to identify especially due to presence of a large number of 
collaterals around the splenic hilum and gastric fundus area. In 
addition, there is an increased chance of complications, includ-
ing failure to identify the correct vein and wrong injection into 
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Coil-deployed
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Fig. 4. Images showing isolated gastric varices type 1 (IGV1). (A) Endoscopic appearance of a large IGV1 with stigmata of recent hemorrhage. 
(B) The coronal computed tomography scan section shows the portovenous phase and the draining veins of IGV1. (C) A coil is deployed in 
the gastric fundus of the IGV1, and the collateral is seen distant to the coil. (D) A non-contrast coronal computed tomography scan shows the 
coil in the same IGV1. PV, portal vein; SV, splenic vein.

splenic veins that adjoin the spleen and the surrounding struc-
tures.20,22-27 

In conclusion, EUS-guided placement of the coil and glue is 
superior in efficacy, requires less number of treatment sessions, 
and is associated with less complications, as compared to EGI 
treatment of GV in patients with severe liver disease. Moreover, 
a lesser number of endoscopy sessions and rebleeding episodes 
also decreases the risk for GV bleeding in critically ill patients 
(high MELD-Na and CTP score). Although paragastric collat-
eral targeting seems superior and safe, further studies are need-
ed to validate these findings.  

Supplementary Material 

Supplementary Fig. 1. Algoithmic approach in the management 
of gastric varices.

Supplementary Material 1. Procedure details.

Supplementary Video 1. EUS-guided gastric varices therapy 
(EUS-GVT) (https://doi.org/10.5946/ce.2021.119.v001).

Supplementary materials related to this article can be found on-
line at https://doi.org/10.5946/ce.2021.119. 
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Background/Aims: The etiology of superficial non-ampullary duodenal epithelial tumors (SNADETs) remains unclear. Recent studies 
have reported conflicting associations between duodenal tumor development and Helicobacter pylori infection or endoscopic gastric 
mucosal atrophy. As such, the present study aimed to clarify the relationship between SNADETs and H. pylori infection and/or endo-
scopic gastric mucosal atrophy. 
Methods: This retrospective case-control study reviewed data from 177 consecutive patients with SNADETs who underwent endo-
scopic or surgical resection at seven institutions in Japan over a three-year period. The prevalence of endoscopic gastric mucosal atro-
phy and the status of H. pylori infection were compared in 531 sex- and age-matched controls selected from screening endoscopies at 
two of the seven participating institutions. 
Results: For H. pylori infection, 85 of 177 (48.0%) patients exhibited SNADETs and 112 of 531 (21.1%) control patients were non-in-
fected (p<0.001). Non-atrophic mucosa (C0 to C1) was observed in 96 of 177 (54.2%) patients with SNADETs and 112 of 531 (21.1%) 
control patients (p<0.001). Conditional logistic regression analysis revealed that non-atrophic gastric mucosa was an independent risk 
factor for SNADETs (odds ratio, 5.10; 95% confidence interval, 2.44–8.40; p<0.001). 
Conclusions: Non-atrophic gastric mucosa, regardless of H. pylori infection status, was a factor independently associated with SNA-
DETs. 

Keywords: Duodenal neoplasms; Gastritis; Helicobacter pylori  

Non-atrophic gastric mucosa is an independently associated 
factor for superficial non-ampullary duodenal epithelial 
tumors: a multicenter, matched, case-control study 
Azusa Kawasaki1, Kunihiro Tsuji1, Noriya Uedo2, Takashi Kanesaka2, Hideaki Miyamoto3, Ryosuke Gushima3, Yosuke Minoda4, 
Eikichi Ihara4, Ryosuke Amano5, Kenshi Yao6, Yoshihide Naito7, Hiroyuki Aoyagi7, Takehiro Iwasaki8, Kunihisa Uchita8, 
Hisatomi Arima9, Hisashi Doyama1    

1Department of Gastroenterology, Ishikawa Prefectural Central Hospital, Ishikawa; 2Department of Gastrointestinal Oncology, Osaka International Cancer 
Institute, Osaka; 3Department of Gastroenterology and Hepatology, Graduate School of Medical Sciences, Kumamoto University, Kumamoto; 4Department of 
Medicine and Bioregulatory Science, Graduate School of Medical Sciences, Kyushu University, Fukuoka; Departments of 5Gastroenterology and 6Endoscopy, 
Fukuoka University Chikushi Hospital, Fukuoka; 7Department of Gastroenterology, Fukui Prefectural Hospital, Fukui; 8Department of Gastroenterology, Kochi 
Red Cross Hospital, Kochi; 9Department of Preventive Medicine and Public Health, Faculty of Medicine, Fukuoka University, Fukuoka, Japan

ORIGINAL ARTICLE
Clin Endosc 2023;56:75-82
https://doi.org/10.5946/ce.2022.059
pISSN: 2234-2400 • eISSN: 2234-2443

Received: January 19, 2022  Revised: April 26, 2022  
Accepted: April 27, 2022
Correspondence: Hisashi Doyama 
Department of Gastroenterology, Ishikawa Prefectural Central Hospital, 2-1 
Kuratsukihigashi, Kanazawa, Ishikawa 920-8530, Japan 
E-mail: doyama.134@gmail.com  

Open Access

INTRODUCTION 

Superficial non-ampullary duodenal epithelial tumors (SNA-
DETs), which can manifest as either adenomas or carcinomas, 
can be defined as lesions that are limited to the mucosa and/
or submucosa and do not arise from the papilla of Vater. The 
incidence of non-ampullary primary duodenal tumors is low 
(0.02%–0.50%) according to autopsy findings,1-3 with primary 
duodenal cancer accounting for only approximately 0.5% of all 
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gastrointestinal cancers.4 Furthermore, the incidence of duode-
nal adenoma detected by endoscopic screening is <0.4%.5 Due 
to the low incidence of duodenal tumors, there are no estab-
lished guidelines for the treatment and surveillance of duode-
nal carcinoma. Despite its low incidence in general, duodenal 
carcinoma is the most common of all small intestinal carcino-
mas.6 Furthermore, the incidence of small intestinal carcinoma 
(together with colorectal carcinoma) has been increasing since 
the 1970s,6 contributing to the increasing number of duodenal 
tumors reported each year.7 A further problem is that duodenal 
adenocarcinoma has the lowest five-year survival rate of all 
small intestinal carcinomas (<30%).8,9 This dismal prognosis is 
explained by the fact that most tumors are detected at an ad-
vanced stage.10 

Some recent reports have attributed the increased incidence 
of duodenal tumors to the standardization of esophagogas-
troduodenoscopy and to the aging society in Japan.7 The ad-
enoma-carcinoma model is believed to be applicable to both 
the small and large intestine.6 Therefore, the progression to 
advanced cancer can be prevented if it can be detected at the 
adenoma or early adenocarcinoma stage. This may result in im-
proved prognosis for those with duodenal cancer and a better 
quality of life. As such, we believe that identifying the etiology 
of duodenal tumors is critical for early detection. 

Recent studies in Japan have suggested a relationship be-
tween duodenal tumors and either Helicobacter pylori infec-
tion or endoscopic gastric mucosal atrophy. One case series 
suggested a relationship between SNADETs and non-atrophic 
gastric mucosa,11 whereas another reported that H. pylori in-
fection was a risk factor for non-ampullary duodenal adeno-
carcinoma (NADAC).12 NADAC can be defined as a carcinoma 
that has not originated from the papilla of Vater. However, it 
remains controversial whether duodenal tumors are caused by 
non-atrophic gastric mucosa or H. pylori positivity, and the re-
lationship between duodenal tumors and these two conditions 
has not been fully substantiated. Furthermore, no large-scale 
study has been undertaken due to the low incidence of duode-
nal tumors. 

As such, the present multicenter study, conducted in Japan, 
aimed to examine and clarify the association between SNA-
DETs and H. pylori infection and/or endoscopic gastric muco-
sal atrophy. 

METHODS 

Study design 
This retrospective case-control study was conducted at seven 
Japanese institutions in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology guide-
lines.13 Consent was obtained using the opt-out method and 
only anonymized data were used for analysis. All authors had 
access to the study data and reviewed and approved the final 
manuscript submitted for publication. 

Patients 
Data from 177 consecutive patients with SNADETs, who un-
derwent endoscopic or surgical resection and histopathological 
examination between January 2016 and December 2018 at all 
participating hospitals, were retrospectively reviewed. Patients 
with hereditary diseases, such as familial adenomatous polyp-
osis, medical history of gastrectomy, multiple lesions, and an 
unknown H. pylori infection status, were excluded. 

Control group  
The control group included 2006 asymptomatic healthy patients 
who underwent screening endoscopy and were checked for H. 
pylori infection status at Ishikawa Prefectural Central Hospital 
(Ishikawa, Japan) and Fukui Prefectural Hospital (Fukui, Japan) 
between January 2016 and December 2018. Although it would 
have been ideal to recruit a control group from all participating 
institutions, five centers rarely performed screening endoscopy; 
as such, only two were selected. To minimize background dif-
ferences, the SNADET and control groups were age- and sex-
matched (within a 5-year difference), resulting in a SNADET 
patient and control subject ratio of 1:3. H. pylori infection status 
and endoscopic gastric mucosal atrophy were compared be-
tween the SNADET (n=177) and control (n=531) groups. 

Definition of SNADETs 
The duodenum runs from immediately below the gastric py-
lorus to the ligament of Treitz, and is the most proximal part 
of the small intestine. It is divided into four parts: bulbous, 
descending, horizontal, and ascending. The major duodenal 
papilla is located on the inner medial wall of the descending 
part, and the common bile and pancreatic ducts are opened. 
Additionally, the descending portion is divided between the 
oral and anal sides of the major papilla. 
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SNADET is defined as a solitary adenoma or adenocarcino-
ma that is limited to the mucosa or submucosa and is located 
in the non-ampullary region (Fig. 1). In accordance with the 
Japanese Classification of Gastric Carcinoma,14 the macroscop-
ic types of SNADET are classified into basic types, 0–5, and 0 
types are classified into subtypes I–III. Furthermore, low-grade 
adenomas are classified as category 3, high-grade adenomas 
and intramucosal carcinomas are classified as category 4, and 
submucosal invasive carcinomas are classified as category 5, in 
accordance with the revised Vienna classification.15 

Definition of gastric mucosal atrophy 
The Kimura-Takemoto classification system was used for en-
doscopic diagnosis of gastric mucosal atrophy.16 Lesions were 
classified as closed type (C1, C2, or C3) when the atrophic 
demarcation was located on the lesser curvature and as open 
type (O1, O2, or O3) when the demarcation line was located on 
the anterior or posterior wall or on the greater curvature. Cases 
with no endoscopically observed atrophic inflammation in the 
entire gastric region, including the antrum, were categorized 
as non-atrophic (C0).17 In the Kyoto Classification of Gastritis, 
developed in 2015,18 gastric mucosal atrophy was divided into 
three groups: none (C0 to C1); mild (C2 to C3); and severe (O1 
to O3). Accordingly, in this study, patients were divided into a 
non-atrophic group (C0 to C1) and a mildly and severely atro-
phic group (C2 to O3). 

Gastric mucosal atrophy was independently evaluated and 
classified by two gastroenterological endoscopists at each insti-

tution. The degree of atrophy was measured using several imag-
es. When the initial opinions of the two endoscopists differed, 
an additional gastroenterological endoscopist was consulted 
and a majority vote was used to determine the final classifica-
tion. At the time of evaluation, the endoscopists were not in-
formed of the presence or absence of SNADETs. 

Definition of H. pylori infection status 
H. pylori infection was diagnosed according to the results of 
various H. pylori-related tests, endoscopic findings, and patient 
medical records documenting a history of H. pylori eradication 
therapy. H. pylori infection status was divided into three groups, 
current, non, and past infection. Current infection was defined 
as positive using any of the following approaches: rapid urease 
test; microscopic examination; culture method; serum immu-
noglobulin G antibody testing (≥10 U/mL, H. pylori antibody 
kit; Special Reference Laboratories, Tokyo, Japan); urea breath 
test; or fecal H. pylori antigen measurement. 

Non-infection was defined as a negative result in all tests per-
formed using serum immunoglobulin G antibody testing (<3 
U/mL), urea breath test, and fecal H. pylori antigen measure-
ment, and a case that was endoscopically considered non-in-
fected using the Kyoto Classification of Gastritis.18 Finally, past 
infections were defined as those that did not fit the current 
infection or non-infection definitions. No distinction was made 
between patients who underwent H. pylori eradication therapy 
and those who experienced spontaneous elimination. 

Statistical analysis 
Continuous and discrete variables are expressed as median or 
percentage. The Mantel-Haenszel test and conditional logistic 
regression were applied, and differences with p<0.05 were con-
sidered to be statistically significant. All statistical analyses were 
performed using EZR (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), a graphical user interface for R ver. 
4.1.2 (R Foundation, Vienna, Austria; www.r-project.org). More 
precisely, it is a modified version of R Commander, designed to 
add statistical functions frequently used in biostatistics.19 

Ethical statements 
The study protocol and consent forms were approved by the 
ethics committees of all participating hospitals: Ishikawa Pre-
fectural Central Hospital (IRB No: 1402), Osaka International 
Cancer Institute (IRB No: 19146), Graduate School of Medical 
Sciences, Kumamoto University (IRB No: 1845), Graduate 

Fig. 1. Endoscopic image of superficial non-ampullary duodenal 
epithelial tumors using white light imaging. (A) A whitish, slightly 
elevated lesion (10 mm in diameter) was observed in the descending 
part of the duodenum (oral side of the major duodenal papilla). The 
final histopathological diagnosis was low-grade adenoma. (B) A 
whitish, slightly depressed lesion (8 mm in diameter) was observed 
in the descending part of the duodenum (anal side of the major du-
odenal papilla). The final histopathological diagnosis was a well-dif-
ferentiated intramucosal adenocarcinoma.
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School of Medical Sciences, Kyushu University (IRB No: 2019-
502), Fukuoka University Chikushi Hospital (IRB No: C20-05-
008), Fukui Prefectural Hospital (IRB No: 19-21), and Kochi 
Red Cross Hospital (IRB No: 322).

RESULTS 

The characteristics of patients with SNADETs are summarized 
in Table 1. The median age of patients with SNADETs was 65 
years (range, 25–88 years), and 133 (75.1%) were male. The 
median tumor size was 12 mm (range, 2–50 mm), and most 
SNADETs (80.2%) were located in the descending part of the 
duodenum. Ninety-three lesions (52.5%) were on the oral side 
of the major duodenal papilla, whereas 84 (47.5%) were on the 
anal side. Microscopic type revealed 32 (18.1%) type 0–I tu-
mors, 120 (67.8%) type 0–IIa tumors, and 25 (14.1%) type 0–IIc 
tumors. Postoperative pathological diagnoses were categorized 
as category 3 (40.1%), 4 (59.9%), and 5 (0%). 

H. pylori infection status and degree of endoscopic gastric 
atrophy in the SNADET and control groups are shown in Table 
2. In the SNADET group, 48.0% of patients had a non-infection 
status and 52.0% had a current or past infection status. In the 

control group, 21.1% of patients had a non-infection status and 
78.9% had a current or past infection status. There was signifi-
cantly less H. pylori infection in the SNADET group than in the 
control group (p<0.001). On the other hand, in the SNADET 
group, 54.2% of patients had non-atrophic mucosa, while 45.8% 
exhibited mild and severe gastric atrophy. In the control group, 
21.1% of patients had non-atrophic mucosa, while 78.9% exhib-
ited mild and severe gastric atrophy. Endoscopic gastric atrophy 
was significantly lower in the SNADET group than in the con-
trol group (p<0.001). Conditional logistic regression revealed 
that non-atrophic gastric mucosa was an independent factor 
associated with SNADETs (odds ratio, 5.10; 95% confidence 
interval, 2.44-8.40; p<0.001) (Table 3). 

Table 1. Patients’ demographics
Demographic SNADET (n=177)
Age (yr) 65 (25–88)
Sex
 Male 133 (75.1)
 Female 44 (24.9)
Tumor size (mm) 12 (2–50)
Tumor location
 Bulb 30 (16.9)
 Descending part, oral side of papilla 63 (35.6)
 Descending part, anal side of papilla 79 (44.6)
 Horizontal part 5 (2.8)
Macroscopic type of tumor
 0–I 32 (18.1)
 0–IIa 120 (67.8)
 0–IIc 25 (14.1)
Histopathology
 Category 3 71 (40.1)
 Category 4 106 (59.9)
 Category 5 0 (0)

Values are presented as median (range) or number (%).
SNADET, superficial non-ampullary duodenal epithelial tumor; category 3, 
low-grade adenoma; category 4, high-grade adenoma/intramucosal carci-
noma; category 5, submucosal invasive carcinomas.

Table 2. Prevalence of Helicobacter pylori infection status and endo-
scopic gastric atrophy in the SNADET and control groups

Characteristic SNADET 
(n=177)

Control 
(n=531) p-value

Median age (yr) 65 (25–88) 65 (25–88)
Sex
 Male 133 (75.1) 399 (75.1)
 Female 44 (24.9) 132 (24.9)
H. pylori infection status <0.001
 Non-infection 85 (48.0) 112 (21.1)
 Current infection 37 (20.9) 155 (29.2)
 Past infection 55 (31.1) 264 (49.7)
Endoscopic gastric atrophy <0.001
 C0 83 (46.9) 50 (9.4)
 C1 13 (7.3) 62 (11.7)
 C2 26 (14.7) 53 (10.0)
 C3 12 (6.8) 109 (20.5)
 O1 21 (11.9) 125 (23.6)
 O2 11 (6.2) 93 (17.5)
 O3 11 (6.2) 39 (7.3)

Values are presented as median (range) or number (%).
SNADET, superficial non-ampullary duodenal epithelial tumor.

Table 3. Multivariable analysis of risk factors for superficial non-am-
pullary duodenal epithelial tumor

Characteristic
Adjusted odds ratio 

(95% confidence 
interval)

p-value

Helicobacter pylori infection status 0.15
 Non-infection 1.10 (0.63–1.84)
 Current/past infection 1
Endoscopic gastric atrophy <0.001
 None 5.10 (2.44–8.40)
 Mild and severe 1
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Because the characteristics of SNADETs differ according to 
tumor location, the association between tumor location and H. 
pylori status and degree of endoscopic gastric mucosal atrophy 
was examined. However, no statistical difference was found for 
either (p=0.30 and p=0.23, respectively) (Table 4). 

DISCUSSION 

To our knowledge, the present multicenter study was the first 
to investigate the relationship between SNADETs and H. pylori 
infection or endoscopic gastric mucosal atrophy. Our results 
demonstrated that non-atrophic gastric mucosa was an inde-
pendent factor associated with SNADETs, regardless of H. pylori 
infection status. Due to the low incidence of duodenal tumors, 
few large studies have been conducted, and much remains to 
be determined regarding their etiology. This investigation had 
two strengths. First, it was a multicenter, matched, case-con-
trol study. Second, H. pylori infection status was divided into 
current infection, non-infection, and past infection, which are 
most relevant to the disease state. Several previous reports have 
indicated a relationship between duodenal tumors and males 
of advanced age, the presence of colorectal polyps, and high-fat 
and high-protein diets.7,20-22 However, with regard to the rela-
tionship between duodenal tumors and H. pylori or endoscopic 
gastric mucosal atrophy, there are only two single-institution 
reports.11,12 Therefore, we conducted a multicenter, retrospec-
tive, case-control study involving 177 patients at seven Japanese 
institutions. 

In this study, conditional logistic regression analysis revealed 
that non-atrophic gastric mucosa was an independent factor 
associated with SNADETs; however, there was no association 
between H. pylori infection status and the prevalence of SNA-

DET. To date, there have been conflicting data from two pre-
vious studies regarding whether duodenal tumors are caused 
by non-atrophic gastric mucosa or H. pylori positivity.11,12 In a 
letter, Kawai et al.,11 suggested a relationship between SNADETs 
and non-atrophic gastric mucosa, with 82% of endoscopic 
gastric mucosal atrophy classified as closed-type in 61 patients 
with SNADETs. In contrast, the rate of endoscopic gastric mu-
cosal atrophy was 76% in this study, which was comparable to 
those reported in the studies mentioned above. 

Kakushima et al.12 reported that H. pylori positivity was a risk 
factor for NADAC in a retrospective, single-center, case-control 
study, and demographics and clinical findings of 156 patients 
with NADAC were compared with those of 468 age- and sex-
matched controls selected from medical health check-up recip-
ients. Multivariate analysis revealed that H. pylori positivity was 
a risk factor for NADAC, although gastric mucosal atrophy was 
not. Differences in the results reported by Kakushima et al.12 
and those of the current study can be explained by the sample 
populations. The data generated by Kakushima et al.12 were 
collected only from patients with NADAC at a single tertiary 
cancer center. In contrast, our study examined SNADETs (40% 
of the cases were adenomas) and Kakushima et al.12 examined 
only cancers (37% of the cases were advanced). 

Therefore, the study by Kakushima et al.12 did not demon-
strate a relationship between SNADETs and H. pylori infec-
tion. In addition, SNADETs can be classified into two main 
categories according to their phenotype: gastric or intestinal.23 
Previous reports have indicated that the gastric type exhibits a 
higher biological malignancy than the intestinal type.23-25 No 
histopathological mucosal examinations of SNADETs were 
performed in the current study. However, because 40% of the 
subjects in this study had adenomas, it is expected that the 
proportion of intestinal type is higher than that in the study by 
Kakushima et al.12 The different results between the two studies 
may also be related to differences in the degree of malignancy 
and histopathological mucosal classification among the sub-
jects. Furthermore, we speculate that patients with duodenal 
carcinoma at a cancer center may include those with a history 
of concomitant gastric cancer and severe atrophic gastritis; as 
such, this bias may reduce the association between less endo-
scopic gastric atrophy and SNADETs. 

It remains unclear why SNADETs occur more frequently in 
patients with non-gastric mucosal atrophy; however, we spec-
ulate that high acid secretion may be involved in this process. 
Previous studies have indicated that the mucosa and Brunner’s 

Table 4. Comparison of superficial non-ampullary duodenal epithe-
lial tumor location with respect to major duodenal papilla in gastric 
mucosal atrophy and Helicobacter pylori infection status

Characteristic

Tumor location to major 
duodenal papilla

p-value
Oral side  

(n=93)
Anal side  

(n=84)
H. pylori infection status 0.30
 Non-infection 43 46
 Current/past infection 50 38
Endoscopic gastric atrophy 0.23
 None 46 50
 Mild and severe 47 34

Kawasaki et al. Risk factors for duodenal epithelial tumors
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glands in the proximal duodenum can potentially transform 
into gastric foveolar-type epithelium by exposure to gastric 
acid,26,27 and SNADETs with a gastric mucin phenotype can 
arise from the gastric foveolar type of epithelium.23 Esophageal 
adenocarcinoma is associated with H. pylori negativity28 and a 
high-fat diet,29 the latter of which alters bile acid composition.30 
Mukaisho et al.31 reported that an increase in taurine-conju-
gated bile acids in the refluxate under acidic conditions plays a 
role in Barrett’s carcinogenesis and cancer progression. Gastric 
juice flows directly into the oral side of the major duodenal 
papilla, while pancreatic juice and bile are expelled toward the 
anal side of the duodenum. Consequently, it has been suggested 
that the tumorigenesis of SNADETs may differ between the oral 
and anal sides of the major duodenal papilla.32 SNADETs can 
be classified into two main categories according to phenotype: 
gastric or intestinal.23 The gastric type reportedly occurs more 
frequently in the oral side of the major duodenal papilla, while 
the intestinal type is more prominent in the anal side of it.33 
Furthermore, a previous study reported that, in patients with 
H. pylori infection, duodenal tumors were significantly more 
frequently located on the oral side of the major papilla com-
pared with patients without H. pylori infection.34 On the other 
hand, that study reported that duodenal tumors located on the 
anal side of the major papilla were associated with bile acids.34 
Accordingly, we investigated the association between H. pylori 
status and the degree of endoscopic gastric atrophy and location 
of SNADETs; however, a significant association was not found.  

Identifying the etiology of SNADETs is crucial for its early de-
tection. Japan once had a high incidence of H. pylori infection; 
however, it is rapidly declining.35 This decreased incidence of 
H. pylori infection is particularly evident among younger indi-
viduals, which indicates the possibility of future increases in the 
number of SNADET cases associated with less gastric mucosal 
atrophy. Moreover, the number of SNADET cases is expected 
to increase due to the increasing number of esophagogastrodu-
odenoscopies performed, the aging society, and the westerni-
zation of dietary habits. Increasingly, more SNADET cases are 
now being treated using endoscopy36; however, once surgical 
treatment cannot be avoided because there are no indications 
for endoscopic treatment, pancreaticoduodenectomy causes 
substantial patient morbidity. Therefore, the detection of duo-
denal tumors in SNADETs is critical for achieving a favorable 
outcome. In this regard, this age- and sex-matched case-control 
study highlights the importance of vigilant surveillance of SNA-
DETs during esophagogastroduodenoscopy in patients with 

non-gastric mucosal atrophy. 
The present study had several limitations, the first of which 

was its retrospective design. Because the incidence of SNADETs 
is low, a prospective cohort study would require a large amount 
of effort and would be difficult to perform; therefore, results of 
this multicenter study are valuable. Second, histopathological 
mucosal examination of SNADETs was not performed. SNA-
DETs can be classified into two main categories according to 
phenotype: gastric or intestinal.23 The gastric type reportedly 
occurs more frequently in the oral side of the major duodenal 
papilla, whereas the intestinal type is more prominent on the 
anal side.33 Future analyses of SNADETs and gastric mucosal 
atrophy or H. pylori infection should include histopatholog-
ical mucosal classification. Third, the control subjects were 
patients who underwent endoscopic screening at only two 
general hospitals, which likely introduced selection bias. This 
was because the other five institutions were oncology hospitals, 
in which screening endoscopy was rarely performed. Further-
more, because the control group comprised subjects who were 
undergoing health checkups, these individuals may have been 
more interested in their own health than those in the general 
population. Furthermore, we did not routinely check the H. 
pylori status of all asymptomatic individuals who undergo 
screening endoscopy. For these reasons, selection bias may have 
occurred, and H. pylori infection status may have been slightly 
different from that of the general population. Fourth, the etiol-
ogy of SNADETs has been suggested to be associated with col-
orectal polyps, high-fat diets, smoking, and alcohol consump-
tion.12,20-22,37 However, the present study was not able to evaluate 
these relationships. Moreover, the intake of acid suppressants 
was not examined. Therefore, they were presumed to influence 
the present results as unmeasured confounders. These issues 
should be addressed in future studies. 

In conclusion, non-atrophic gastric mucosa, regardless of H. 
pylori infection status, may be an independent factor associated 
with SNADETs. In general, gastric cancer is less common in 
non-atrophic gastric mucosa. However, because SNADETs may 
be more common in non-atrophic gastric mucosa, close atten-
tion to the findings of non-atrophic gastric mucosa may lead to 
earlier detection of SNADETs. 
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Background/Aims: Double-balloon enteroscopy (DBE) allows for the diagnoses and treatment of small bowel tumors (SBTs). This 
study aimed to evaluate the utility of DBE for the diagnosis and treatment of SBTs. 
Methods: Patients diagnosed with SBTs who underwent DBE were included in this study. According to their endoscopic appearances, 
they were categorized as polyps or masses, and according to their histological characteristics, they were categorized as benign or malig-
nant SBTs. 
Results: A total of 704 patients were retrospectively analyzed, and 90 (12.8%) were diagnosed with SBTs. According to their endoscopic 
appearance, 48 (53.3%) had polyps and 42 (46.7%) had masses. Additionally, 53 (58.9%) and 37 (41.1%) patients had malignant and 
benign SBTs, respectively, depending on their histological characteristics. Patients diagnosed with polyps were younger than those di-
agnosed with masses (p<0.001). Patients diagnosed with benign SBTs were younger than those diagnosed with malignant SBT 
(p<0.001). Overall, histological diagnosis was determined using DBE in 73 (81.1%) patients. 
Conclusions: DBE is a useful method for diagnosing SBTs. Additionally, the histological type of the lesion can be determined using 
DBE. 

Keywords: Diagnosis; Double-balloon enteroscopy; Neoplasms; Small intestine
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INTRODUCTION 

The small bowel is 5 to 7 m long and constitutes 75% of the 
gastrointestinal tract and 90% of the gastrointestinal mucosa.1 
Despite their long length, small bowel tumors (SBTs) are rare. 
Approximately 3% to 6% of all gastrointestinal tumors and 1% 
to 3% of malignant gastrointestinal tumors occur in the small 
bowel. Recent developments in radiological and endoscopic 

procedures have led to an increased incidence of SBTs.2 Dou-
ble-balloon enteroscopy (DBE) is a technical procedure that 
allows for the visualization of the small bowel and tissue sam-
pling.3  

SBTs can be seen as benign or malignant, and mostly as 
adenocarcinoma, neuroendocrine tumor, lymphoma, and 
gastrointestinal stromal tumor (GIST).4-6 These tumors can be 
asymptomatic or present with complications such as bleeding, 
perforation, and ileus.4 SBTs are most commonly observed in 
the jejunum and are rarely diagnosed using conventional en-
doscopy.7,8 

Small bowel polyps are less common than colorectal polyps, 
and histological diagnosis is essential for follow-up.9 Adeno-
matous polyps, hemangiomas, neurofibromas, lipomas, leio-
myomas, nodular lymphoid hyperplasia, and hamartomatous 
polyps are the most common polyps in the small intestine.10 
DBE can be used for the surveillance of intestinal polyposis syn-
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drome and its complications, such as bleeding and obstruction. 
Moreover, DBE can save patients from surgical intervention.11-13 
This study aimed to analyze the clinical properties of patients 
with SBTs and to evaluate the use of DBE for the diagnosis of 
SBTs. 

METHODS 

Patients 
We retrospectively examined 980 consecutive DBE studies (704 
patients) done in our hospital between January 2006 and De-
cember 2020 because of suspected or confirmed small bowel 
disease. The patients’ enteroscopy indications were determined 
by abnormal signs on radiological imaging, gastrointestinal 
bleeding (occult/overt bleeding), intestinal polyposis syn-
dromes, and other clinical signs (suspicion of celiac disease, ile-
us, abdominal pain, diarrhea, and invaginations). Among these, 
90 patients (152 DBEs) endoscopically diagnosed with polyps 
or masses were selected. Patient age, sex, gastrointestinal endos-
copy history, previous radiological evaluations, and DBE indi-
cations were noted from previous medical records. Procedural 
details, such as diagnostic signs and interventions, procedural 
approaches, duration of interventions, and complications were 
noted. Patients without a histological diagnosis were excluded 
from this study. 

Instruments and procedures 
The DBE system developed by Yamamoto et al.13 is composed 
of a 145 cm long overtube—with a 13.2 mm outside diameter; 
2.8 mm working channel with a 9.4 mm outside diameter; a 200 
cm long endoscope; a pumping unit; and a main computer. All 
DBE procedures were performed using the Fujinon EN-450T5 
enteroscope (Fujinon Corp., Saitama, Japan). If the oral route 
was planned for the procedure, at least 6 hours of fasting was 
necessary; and for the anal route, routine colonoscopy prepa-
ration solutions were taken. Written informed consent was ob-
tained from all the patients before the DBE examination. 

Pre-examination preparation 
Hemogram, coagulation test, and liver and kidney function 
tests were requested from every patient before the examination, 
and an anesthesiologist ensured that all patients were clinically 
fit for the procedure. An anesthesiologist was present at all the 
procedures, and all the patients were either under deep or con-
scious sedation with simultaneous monitoring. 

Examination method 
All DBE procedures were performed by an endoscopist with 
15 years of enteroscopy experience who had performed >1,000 
DBE procedures, accompanied by at least one assistant nurse. 
After the patients’ symptoms and radiological findings were 
evaluated, the examination route (oral or anal) was select-
ed based on the location of the lesion. DBE was performed 
through the oral, anal, or both routes, depending on the endos-
copist's preference and the presumed location of the  suspicious 
lesions. If the lesions were located in the upper two-thirds of the 
bowel, the oral route was preferred, and for the lesions that were 
assumed to be on the lower one-third of the bowel, the anal 
route was selected, and the oral technique was chosen when the 
location was unknown. 

SBTs were classified as polyps or masses based on their endo-
scopic appearance. The luminal findings in the minimal stan-
dard terminology for gastrointestinal endoscopy are as follows: 
lumen, contents, mucosa, flat lesions, protruding lesions, and 
excavated lesions. In the subgrouping of protruding lesions, 
polyps and tumor/masses were evaluated in two different 
subgroups. Polyps and masses were evaluated in two separate 
subgroups in section 4.3 (enteroscopy) of this guideline. The 
definitions of polyps and tumor/masses are not clear in the lit-
erature. Polyps were defined as protuberances arising from the 
surface of a mucous membrane, sessile or pedunculated, but 
not accompanied by an ulcer. A sessile lesion was defined as 
a mass measuring >3 cm. Ulcerative or infiltrative protruding 
lesions, and submucosal lesions were also defined as masses. 
Depending on their histological characteristics, all polyps and 
masses are classified as benign or malignant SBTs.14,15 

The size of the polyps and masses was estimated using the 
open biopsy forceps (diameter, 6.7 mm). The endoscopic tat-
tooing method was used at the edge of the lesions for potential 
surgical or endoscopic intervention. SBT biopsies were obtained 
either by DBE-directed biopsy with multiple tissue sampling or 
by surgical specimen biopsy, and histological analysis was per-
formed on the tissue obtained. 

SBTs found between the second part of the duodenum and 
terminal ileum were classified into six different categories. SBTs 
were categorized according to the localization of the lession as 
follows: duodenum only; jejunum only; ileum only; both duo-
denum and jejunum; both jejunum and ileum; and duodenum 
jejunum and ileum. 

Standard polypectomy techniques were used for polyp ex-
traction. For polyps <5 mm, biopsy forceps were used, and for 
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others >5 mm, hot snare polypectomy was performed after in-
filtrating the base with adrenaline (1/10000). Multiple biopsies 
were taken from all masses using forceps. 

Statistical analysis 
Statistical analysis was performed using the IBM SPSS Statistics 
for Windows ver. 23.0 (IBM Corp., Armonk, NY, USA). Nor-
mality assumptions were controlled using the Shapiro-Wilk test. 
Descriptive analyses are presented as mean±standard deviation, 
median (range), or number (%), where appropriate. Categorical 
data were analyzed using the Pearson’s chi-square and Fisher 
exact tests. The Mann-Whitney U-test was used to compare 
non-normally distributed numerical data between the groups. 
The Kruskal-Wallis test was used to compare non-parametric 
variables among groups, and the Bonferroni-Dunn test was 
used as a post-hoc test for significant cases. Statistical signifi-
cance was set at p<0.05. 

Ethical statement 
This study was approved by the Non-Invasive Clinical Research 
Ethics Committee of the Dokuz Eylul University (approval 
number: 2021/14-35). The study was conducted following the 
criteria set by the Declaration of Helsinki, and patients’ infor-
mation were kept confidential. The authors obtained informed 
consent form all the patients. 

RESULTS 

The medical records of 704 patients (980 procedures) who un-
derwent DBE between January 2006 and December 2020 were 
reviewed retrospectively. In total, 152 DBE were performed for 
90 patients (12.8%) who had polyps or masses in their small 
bowel, which were detected using DBE. Overall, 69 patients had 
93 DBE via the oral route only, 8 patients had 14 DBE via the 
anal route only, and 13 patients had at least one oral and one 
anal entry route (30 DBE via the oral route and 15 DBE via the 
anal route). After determining the DBE route, all patients who 
underwent enteroscopy were diagnosed on the same route, and 
in some patients diagnosed with multiple polyps (for example, 
hamartomatous polyps) another route was used with the inten-
tion of further polypectomy. Therefore, the diagnostic success 
rate in the initial trial was 100%. In two patients, the entire 
small bowel was examined by the oral route. After polypecto-
my, three patients had self-limited bleeding, and perforation 
occurred in one patient. The average duration of the procedures 

was 60 minutes (range, 20–120 minutes). To increase the tech-
nical success rate, only one patient underwent intraoperative 
DBE, and none of the patients underwent fluoroscopy. 

The median age of the patients included in this study was 45 
(range, 8–88) years, and 55 patients (61.1%) were male. Intesti-
nal polyposis syndrome was the most common indication for 
DBE. Twelve patients (13.3%) had a history of abdominopelvic 
surgery, 87 (96.7%) had a history of esophagogastroduode-
noscopy, and 86 (95.6%) had a history of colonoscopy. When 
all examinations were considered, SBTs were most commonly 
detected in the jejunum. Polyps were detected in 48 patients 
(53.3%) and masses were detected in 42 patients (46.7%) 
during endoscopic examination. In the histological evaluation 
of the SBTs, 53 patients (58.9%) were diagnosed with benign 
SBTs, and 37 patients (41.1%) were diagnosed with malignant 
SBTs. Patients who had polyps were younger than those who 
had masses, and their DBE durations were longer (p<0.001). 
Moreover, patients diagnosed with benign SBTs were young-
er and had a longer DBE duration than those diagnosed with 
malignant SBTs (p<0.001). For benign SBTs, the most common 
indication for DBE was polyposis syndrome, and abnormal 
radiological findings were observed for malignant SBTs. The 
characteristics of the patients who underwent histological and 
endoscopic diagnoses are summarized in Table 1. 

All polyps were histologically benign. The most commonly 
observed polyps were hamartomatous (n=22, 45.8%), lymphoid 
follicular hyperplasia (n=9, 18.8%), and adenomatous (n=6, 
12.5%). The most prevalent malignant SBTs were GIST (n=10, 
23.8%), metastatic cancer (n=9, 21.4%), and adenocarcinoma 
(n=8, 19.0%). The lesions detected as masses by endoscopic 
examination and those diagnosed later as benign tumors by 
histological examinations were lipoma (n=3, 60.0%), gangli-
oneuroma (n=1, 20.0%), and inflammatory fibroid polyp (n=1, 
20.0%). The histological diagnoses of the SBT subgroups in our 
study are summarized in Table 2. 

The histopathological diagnosis rates from the biopsies ob-
tained during DBE are summarized in Table 3. During DBE, 
biopsies were obtained from all patients with lesions. Among 
all the patients, 73 (81.1%) were diagnosed with biopsies per-
formed during DBE. In patients who were endoscopically con-
sidered to have a polyp (n=48), the histological diagnosis was 
confirmed as benign SBTs using DBE in all patients (100%). 
None of these patients required surgery. 

Among the patients who were endoscopically considered to 
have a mass (n=42), the histological diagnosis was confirmed 
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using DBE in 25 patients (59.5%). The other patients (n=17, 
40.5%) could not be diagnosed histopathologically with DBE, 
and the diagnosis was made surgically. After surgery, histolog-
ically, three cases were diagnosed as benign and 14 cases (one 
adenocarcinoma, one metastasis, nine GISTs, and three lym-
phomas) were malignant. Eight of the remaining 25 patients 
diagnosed with DBE underwent therapeutic surgery; therefore, 
the results of DBE changed the therapeutic plan in 8.8% of the 
patients. As a result, 25 (27.8%) and 65 (72.2%) patients with 
SBTs underwent surgery and endoscopic treatment, respectively. 

Endoscopic images of the different types of small-bowel pol-
yps and tumors are shown in Figure 1. 

DISCUSSION 

In this study, we analyzed the characteristics of all histologically 

diagnosed small-bowel polyps and masses. This study supports 
the role of DBE in the diagnosis and treatment of SBTs.  

The detection rate of SBTs varies in different DBE series. In 
Spain, the frequency of SBTs was 14.2% in 627 patients,16 and 
in Japan, it was 8.8%.8 When intestinal polyposis syndrome was 
considered in the tumor population, the frequency of SBTs was 
9.6% in Germany,15 9% in China,17 17.4% in Korea,4 12.1% in 
America,18 and 15.6% in Brazil.19 In this study, which investi-
gated polyps and masses, we found SBTs in 90 patients (12.8%). 
The most common tumors of the small bowel vary according 
to different studies. Chen et al.20 found adenocarcinomas to be 
the most common SBT, while Cangemi et al.18 found carcinoid 
tumor, Mitsui et al.21 found lymphoma, and Robles et al.16 found 
GIST to be the most common tumor of the small bowel. We be-
lieve that geographic differences, variations in clinical presenta-
tion, and inclusion criteria of small bowel polyps are the main 

Table 1. Endoscopic and histologic characteristics of small bowel tumors diagnosed by double-balloon enteroscopy

Characteristic Total (n=90)
Endoscopic characteristics Histologic characteristics

Polyp (n=48) Mass (n=42) p-value Benign SBT (n=53) Malignant SBT (n=37) p-value
Age (yr) 45 (8–88) 30 (9–73) 63 (8–88) <0.001 31 (9–80) 63 (8–88) <0.001
Sex 0.149 0.054
 Male 55 (61.1) 26 (54.2) 29 (69.0) 28 (52.8) 27 (73.0)
 Female 35 (38.9) 22 (45.8) 13 (31.0) 25 (47.2) 10 (27.0)
Indication for DBE <0.001 <0.001
 GIB (obscure/overt) 23 (25.6) 7 (14.6)a) 16 (38.1)b) 7 (13.2)a) 16 (43.2)b)

 Abnormal radiological signs 26 (28.9) 4 (8.3)a) 22 (52.4)b) 7 (13.2)a) 19 (51.4)b)

 Polyposis syndromes 29 (32.2) 29 (60.4)a) 0 (0)b) 29 (54.7)a) 0 (0)b)

 Others 12 (13.3) 8 (16.7)a) 4 (9.5)a) 10 (18.9)a) 2 (5.4)a)

EGD 87 (96.7) 48 (100) 39 (92.9) 0.098 52 (98.1) 35 (94.6) 0.566
Colonoscopy 86 (95.6) 48 (100) 38 (90.5) 0.044 52 (98.1) 34 (91.9) 0.302
Abdominopelvic surgery 12 (13.3) 10 (20.8) 2 (4.8) 0.025 11 (20.8) 1 (2.7) 0.013
Route selection for DBE <0.001 0.002
 Oral 69 (76.7) 33 (68.8)a) 36 (85.7)a) 36 (67.9)a) 33 (89.2)b)

 Anal 8 (8.9) 2 (4.2)a) 6 (14.3)a) 4 (7.5)a) 4 (10.8)a)

 Both oral and anal 13 (14.4) 13 (27.1)a) 0 (0)b) 13 (24.5)a) 0 (0)b)

Time of procedure (min) 60 (20–120) 65 (30–120) 50 (20–110) <0.001 65 (30–120) 50 (20–110) <0.001
Location 0.001 0.002
 Duodenum 17 (18.9) 7 (14.6)a) 10 (23.8)a) 8 (15.1)a) 9 (24.3)a)

 Jejenum 29 (32.2) 11 (22.9)a) 18 (42.9)b) 12 (22.6)a) 17 (45.9)b)

 Ileum 18 (20.0) 7 (14.6)a) 11 (26.2)a) 9 (17.0)a) 9 (24.3)a)

 Duodenum+jejunum 8 (8.9) 7 (14.6)a) 1 (2.4)b) 7 (13.2)a) 1 (2.7)a)

 Jejunum+ileum 9 (10.0) 7 (14.6)a) 2 (4.8)a) 8 (15.1)a) 1 (2.7)a)

 Duodenum+jejunum+ileum 9 (10.0) 9 (18.8)a) 0 (0)b) 9 (17.0)a) 0 (0)b)

Values are presented as median (range) or number (%). 
SBT, small bowel tumor; DBE, double-balloon enteroscopy; GIB, gastointestinal bleeding; EGD, esophagogastroduodenoscopy.
a),b)The different lowercase letters in a row indicate statistically significant difference between groups. If there is a difference between the two groups, it is 
expressed with a different lowercase letter; if there is no difference, it is expressed with the same lowercase letter.
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Table 2. Histological findings of small bowel tumors diagnosed by double-balloon enteroscopy
Total (n=90)

Benign SBT (n=53) Malignant SBT (n=37)
n (%)

Polyp (n=48)
 Adenoma 6 (12.5) 6
 Intraepithelial lymphocytes 2 (4.2) 2
 Inflammatory fibroid polyp 1 (2.1) 1
 Celiac disease 1 (2.1) 1
 Lymphoid follicular hyperplasia 9 (18.8) 9
 Hamartomatous polyp 22 (45.8) 22
 Ectopic pancreas 1 (2.1) 1
 Duodenal gastric heterotopia 2 (4.2) 2
 Polypoid ganglioneuroma 1 (2.1) 1
 Hyperplastic polyp 1 (2.1) 1
 Lymphangiectasia 1 (2.1) 1
 Cavernous hemangioma 1 (2.1) 1
Mass (n=42)
 Adenocarcinoma 8 (19.0) 8
 GIST 10 (23.8) 10
 Lymphoma 7 (16.7) 7
 Lipoma 3 (7.1) 3
 Metastatic tumor 9 (21.4) 9
 Angiosarcoma 1 (2.4) 1
 Neuroendocrine tumor 1 (2.4) 1
 Undifferentiated pleomorphic sarcoma 1 (2.4) 1
 Ganglioneuroma 1 (2.4) 1
 Inflammatory fibroid polyp 1 (2.4) 1

SBT; small bowel tumor; GIST, gastrointestinal stromal tumor.

Table 3. Final diagnosis by double-balloon enteroscopy directed bi-
opsy

Diagnosis DBE biopsy/final diagnosis
All patients (n=90) 73 (81.1)
Polyp (n=48) 48 (100)
Mass (n=42) 25 (59.5)
 Adenocarcinoma (n=8) 7 (87.5)
 GIST (n=10) 1 (10.0)
 Lymphoma (n=7) 4 (57.1)
 Lipoma (n=3) 1 (33.3)
 Metastatic (n=9) 8 (88.9)
 Angiosarcoma (n=1) 1 (100)
 Neuroendocrine tumor (n=1) 1 (100)
 Undifferentiated pleomorphic  

sarcoma (n=1)
1 (100)

 Ganglioneuroma (n=1) 0 (0)
 Inflammatory fibroid polyp (n=1) 1 (100)

Values are presented as number (%).
DBE, double-balloon enteroscopy; GIST, gastrointestinal stromal tumor.

factors for the differences in results. 
There are publications in the literature that morphologically 

classify colorectal polyps and tumors. However, the classifica-
tion of small-intestinal polyps and tumors has not been clearly 
demonstrated, and this uncertainty persists. In the minimal 
standard terminology for gastrointestinal endoscopy, polyps 
and masses/tumors are grouped separately among protruded 
lesions in luminal findings of the small intestine. For entero-
scopic diagnosis, definitions of familial adenomatous polyposis, 
GIST, juvenile polyposis, lipoma, lymphoma, Peutz-Jegher 
polyposis, polyp(s), small bowel benign tumor, small bowel ma-
lignant tumor, and small bowel superficial neoplasm are used.14 
Since some diagnoses in the enteroscopic diagnosis section are 
histological, we also differentiated SBTs both endoscopically 
(polyp or mass) and histologically (benign or malignant) in 
our study. We detected polyps in 48 patients (53.3%), masses 
in 42 patients (46.7%), benign SBTs in 53 patients (58.9%), and 
malignant SBTs in 37 patients (41.1%). We also found that all 
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endoscopically detected polyps were benign, and 5 out of 42 
endoscopically detected masses were benign tumors. In the 
current study, the most common malignant SBT was GIST, and 
the most common polyp type were hamartomatous. In a study 
by Fry et al.15 in 29 patients, 14 had tumors and 15 had polyps. 
The most common tumor type in their study were adenocar-
cinomas (n=5) and the most common polyp type were adeno-
matous polyps (n=8). In another study that was carried out on 
1,102 patients, 99 (9.0%) patients had SBTs; 20 (20.2%) of these 
tumors were classified as benign polyps and 79 (79.8%) were 
diagnosed as malignant SBTs. In this study, the most common 

malignant tumor were adenocarcinomas and the most com-
mon benign tumor were adenomatous polyps.17 A Chinese ret-
rospective analysis of 400 patients showed that 78 of them were 
diagnosed with SBTs, and 74.4% of these tumors were classified 
as malignant tumors.20 According to a general view, two-thirds 
of SBTs are malignant, and the type of patients included in the 
studies affects this ratio. In our study, intestinal polyposis syn-
dromes were observed in most patients; hence, we found malig-
nant SBTs less frequently. Adenomatous polyps were the most 
common type of polyp in studies by Fry et al.15 and Zhang et 
al.17; however, we identified hamartomatous polyps as the most 

Fig. 1. Endoscopic images of different types of small bowel polyps and tumors. (A) Ulcerated jejunal adenocarcinoma. (B) Ileal lymphoma. (C) 
Jejunal hamartomatous polyp. (D) Ileal hyperplastic polyp. (E) Jejunal pulmonary metastasis. (F) Jejunal lipoma. (G) Ileal ganglioneuroma. (H) 
Duodenal adenomatous polyp. (I) Jejunal gastrointestinal stromal tumor.
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common type because our hospital is a reference hospital for 
Peutz-Jeghers syndrome. 

In our study, similar to other studies, although male predom-
inance was observed in SBTs, no significant difference was ob-
served between male and female patients.4,16,17 Furthermore, no 
significant differences were found between sex and SBT types. 
The median age of the patients included in our study was 45 
years (range, 8–88 years). Polyps were diagnosed at a younger 
age than masses. Similarly, benign SBTs were found in younger 
patients than malignant SBTs. On the contrary, Zhang et al. 
found that the mean age at diagnosis of SBTs was 53.35±12.70 
years, and no age differences were found between the age at di-
agnosis of benign SBTs (20.2%) and malignant SBTs (79.8%).17 
We found that benign tumors were diagnosed earlier than 
malignant ones, and this result is different from that of Zhang’s 
research because polyps were detected more often. Similar to 
our research, a Korean study showed that benign polyps were 
diagnosed earlier than other tumor subgroups. In the Korean 
study, 38 patients were diagnosed with benign polyps, and a 
total of 112 patients were diagnosed with tumors; furthermore, 
the mean age was calculated to be 47.1 years, which is similar to 
that of our study.4 

In many studies, gastrointestinal bleeding (occult or overt) 
was shown to be the most frequent indication for DBE4,16,17,20; 
however, in our study, the most common indication was pol-
yposis syndrome for benign polyps and abnormal radiological 
signs of malignant tumors. We found that the jejunum was the 
most common segment for SBTs, which is similar to the find-
ings of other studies.17,20 Zhang et al.17 assumed that diet differ-
ences and distal small bowel protective mechanisms were the 
reasons for the tendency of SBTs to occur in proximal locations. 

Some studies have stated that DBE can cause significant ad-
verse effects, such as intestinal perforation, pancreatitis, and 
aspiration pneumonia, but at low rates.22 In our study, only one 
patient had perforation after polypectomy, and three patients 
had self-limited bleeding. 

In a study by Chen et al., the diagnosis could not be made 
in 11 out of 78 SBTs diagnosed using DBE.20 In one retrospec-
tive study, which was performed on malignant SBTs, 71.4% of 
SBTs could be diagnosed using DBE. However, the same study 
showed that GISTs were correctly diagnosed using DBE in 
57.1% of cases, which was less than that of the others.16 Mitsui 
et al.21 performed DBE in 22 patients with GISTs, and nine of 
these patients (40.9%) were histologically diagnosed using DBE. 

Although DBE was found to be effective for the diagnosis of 
lymphoma and carcinoma by Mitsui et al.,21 it was less effective 
for the diagnosis of GISTs. In a multicenter study by Lee et al.,4 
62 (72.9%) of 85 patients diagnosed with SBTs could be diag-
nosed using DBE. In our study, we diagnosed 73 (81.1%) pa-
tients histologically using DBE; however, among patients with 
GISTs, only one (10%) patient was histologically diagnosed us-
ing DBE. However, for the diagnosis of GISTs, the preoperative 
endoscopic diagnosis matched the final histological diagnosis. 
Of the 90 patients with histological diagnosis, 73 were diag-
nosed histologically using DBE. Although we thought of a mass 
endoscopically in 17 patients, we could not obtain a diagnosis 
histologically in DBE biopsies, and the histological diagnosis of 
these patients was made postoperatively. Our study showed that 
DBE is a successful method for both the endoscopic and histo-
logical diagnosis of SBTs. 

Our study has some limitations. First, it was a retrospective 
study. Second, our study was conducted in a tertiary referral 
hospital; therefore, the detection rate of some diseases can be 
misleading. Third, the number of patients selected for this 
study might have been insufficient; therefore, it may not fit 
the general statistical results. In our study, we included only 
patients who underwent DBE and received a histological diag-
nosis; therefore, the findings are not representative of all SBTs. 
In addition, endoscopic and histological diagnosis of the lesions 
was performed in a prospective and comprehensive manner. In 
addition, in our study, all DBEs were performed by the same 
endoscopist; therefore, bias for identification of these lesions 
was avoided. 

We showed that DBE is an effective method for the diagno-
sis and treatment of polyps and masses in the small bowel. We 
found the detection rate of SBTs to be 12.8%, and this study 
clearly stated the clinical properties and detection rate of SBTs 
using the DBE method. DBE is not only a useful method for 
the diagnosis and treatment of SBTs but also provides the lo-
cation of endoscopically unremovable lesions. In our study, 
the most common location of SBTs was the proximal part of 
the small bowel; therefore, the oral entry route should be pre-
ferred for patients who are suspected of having SBTs but have 
no clinical signs of a tumor. Moreover, because all patients 
with endoscopic polyps had benign tumors, the endoscopic 
appearance of polyps can be considered an indication for en-
doscopic treatment. 
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INTRODUCTION 

It is estimated that one in four persons will belong to the >65 
years age group by 2050.1 The number of patients older than 90 
years admitted to hospitals has increased significantly, reflect-
ing the impact of the aging population.2 Elderly patients are at 
high risk of developing gallstone disease.3 Approximately 5% 
of cholecystitis cases have coexisting common bile duct (CBD) 

Background/Aims: There are few studies assessed the efficacy and mortality of endoscopic retrograde cholangiopancreatography 
(ERCP) for the removal of common bile duct (CBD) stones in the elderly aged ≥90 years. We aimed to assess the safety and efficacy of 
endoscopic removal of CBD stones in nonagenarians.
Methods: We retrospectively reviewed ERCP reports for CBD stone removal. The endoscopic and therapeutic outcomes were collect-
ed. The length of stay (LOS), the total number of adverse events, and mortality rate were compared between groups. 
Results: A total of 125 nonagenarians were compared with 1,370 controls (65–89 years old individuals). The mean LOS for nonagenar-
ians was significantly higher than in controls (13.6 days vs. 6.5 days). Completed intended treatment was similar in the nonagenarians 
and controls (89.8% and 89.5%, respectively). The overall complication rate did not differ between the groups. However, nonagenarians 
had a higher incidence of post-ERCP pneumonia (3.9%). None of the nonagenarians were readmitted to the hospital within 7 days. 
Four nonagenarians (3.2%) and 25 (1.8%) controls died within 30 days.
Conclusions: Advanced age alone did not affect the decision to perform the procedure. However, prompt diagnosis and treatment of 
post-ERCP pneumonia in nonagenarians could improve the outcomes and reduce mortality. 
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stones with a higher prevalence in the elderly (10%−20%).4 
Previous studies showed that biliary surgery was associated 
with an increased risk of morbidity and mortality.4,5 Therefore, 
there may be a tendency to adopt a more conservative approach 
in the very elderly patients, making endoscopic retrograde 
cholangiopancreatography (ERCP) an important non-surgical 
treatment and often the only method of choice in the elderly.6,7 
This, together with the known increased incidence of gallstones 
in the elderly, it is likely that the number of ERCP procedures 
performed in the elderly will increase.8 

ERCP is associated with several complications. The National 
Confidential Enquiry into Patient Outcome and Death report 
investigating the death of 237 patients post-ERCP showed that 
82% of patients were aged ≥70 years and that 77% had at least 
an American Association of Anesthesiology (ASA) grade of 3.9 
Despite this, there is a lack of large UK-based studies on ERCP 
outcomes in very elderly patients. Furthermore, few studies 
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in the literature have investigated the efficacy and mortality of 
ERCP for the removal of CBD stones in the elderly aged ≥90 
years. Therefore, we aimed to assess the safety and efficacy 
of endoscopic removal of CBD stones in the elderly aged ≥90 
years and compared the outcomes to those aged 65 to 89 years. 

METHODS 

Patients’ cohort 
We retrospectively reviewed reports of therapeutic ERCP pro-
cedures performed at our institution between January 2016 and 
December 2020. The inclusion criteria were ERCP procedures 
performed for CBD stone removal and patient age of >65 years. 
We have referred to patients aged ≥90 years as nonagenarians 
and patients aged 65 to 89 years as controls in this study. 

Patients with known or suspected hepatopancreatobiliary tu-
mors were excluded. Patients who underwent gastrectomy with 
Billroth II reconstruction or Roux-en-Y reconstruction were 
also excluded. 

We compared the following patient characteristics: age, sex, 
ASA grade, absence or presence of antithrombotic therapy, and 
comorbidities. Comorbidities were classified into eight groups: 
cardiovascular diseases, respiratory diseases, chronic liver dis-
eases, hematological disorders, chronic kidney disease (CKD), 
cerebrovascular accidents, diabetes mellitus, and the presence 
of cognitive impairment. Data on antithrombotic therapy in-
cluded both anticoagulation and antiplatelet therapies except 
for aspirin. 

The degree of urgency was divided into three categories: 
routine for outpatients, including those returning for stent re-
moval; urgent for inpatients during their hospital stay except for 
cholangitis where it was performed as an emergency and within 
24−72 hours. Some overlap may have occurred according to 
patient needs. 

Endoscopic procedure 
ERCP was performed under conscious sedation. Vital signs 
were monitored prior to the procedure, during the procedure, 
and during recovery. All patients were administered topical 
pharyngeal spray with 10% lidocaine (Xylocaine; AstraZeneca, 
Cambridge, UK) and sedated with intravenous fentanyl (25−100 
μg) or pethidine (50 mg) and intravenous midazolam (1−4 mg) 
as initial doses. All patients received oxygen (2 L/min) via a na-
sal cannula throughout the procedure. Duodenal relaxation was 

achieved by intravenous administration of hyoscine butylbro-
mide. 

A standard duodenoscope (TJF 260V; Olympus Optical Co., 
Tokyo, Japan) was used. After cholangiographic confirmation 
of choledocholithiasis, endoscopic sphincterotomies (EST) were 
performed using Dreamtome RX 44 and RX ERCP Cannula 
(Boston Scientific, Marlborough, MA, USA). Precut papilloto-
my was performed using MicroKnife XL Triple-Lumen Needle 
Knife (Boston Scientific). An Erbe VIO 3 electrocautery unit 
(Erbe Electromedizin, Tubingen, Germany) was used.  

Extractor Pro RX Retrieval Balloon Catheters (Boston Sci-
entific) were used to clear the bile duct. If stones could not be 
removed, double-pigtail 7-Fr 7 cm or 7-Fr 5 cm stents were in-
serted into the CBD with rescheduling for a further attempt at 
duct clearance within 3 months. 

Clinical parameters and outcomes 
Endoscopic and therapeutic outcomes were collected, includ-
ing the occurrence of ERCP for the first time (native papilla), 
completed intended treatment, CBD cannulation, unintentional 
pancreatic duct cannulation, EST, precut papillotomy, large 
stone extraction (>10 mm), and presence of periampullary di-
verticulum (PAD). Completed intended treatment was defined 
as cases in which an endoscopist considered the scheduled pur-
pose of ERCP had been obtained, including duct clearance or 
stent insertion. Monitoring information was collected on oxy-
gen saturation levels, the total dose of sedation agents adminis-
tered, and comfort scores. The length of stay (LOS) was defined 
as the time between admission and discharge. 

Adverse events (AEs) were recorded using discharge sum-
maries. Acute post-ERCP pancreatitis (PEP) was defined as 
worsening abdominal pain with elevated serum amylase levels. 
Post-ERCP bleeding severity was classified as mild, moderate, 
or severe according to the European Society of Gastrointesti-
nal Endoscopy guidelines.10 Perforation was detected by either 
endoscopy or computed tomography. Cholangitis was defined 
as a high-grade temperature, abdominal pain, and elevated 
hepatobiliary enzyme levels. Cardiovascular events included 
cardiac arrhythmias and acute ischemic events. In this study, 
post-ERCP pneumonia was defined as clinical and radiological 
evidence of pneumonia for ≤48 hours after ERCP. This would 
include hospital-acquired pneumonia, as it is sometimes chal-
lenging to differentiate between them. 

Readmission within 7 days, the total number of AEs, and 
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mortality rate (%) were calculated and compared between 
groups. Post-ERCP death within 30 days was calculated for 
both groups. 

Statistical analyses 
All results are reported as mean and standard deviation for 
continuous variables. Categorical variables were analyzed using 
the chi-square test. Statistical significance was set at p≤0.05. 
Statistical analyses were performed using IBM SPSS ver. 25 (IBM 
Corp., Armonk, NY, USA). 

Ethical statements 
The study was conducted according to the guidelines of the 
Declaration of Helsinki, and approved by our local Clinical 
Effectiveness Unit (CEU 10488), Sheffield Teaching Hospitals. 
Ethical review and approval were waived for this study, due to 
the retrospective nature of the study and all the procedures be-
ing performed were part of the routine care.

RESULTS 

A total of 1498 ERCP procedures were included in the study 
(128 nonagenarians and 1,370 controls). Significantly more no-
nagenarians underwent inpatient ERCP (89.1%) than the con-
trols (62.3%) (Table 1). Moreover, most procedures were graded 
as urgent in nonagenarians and controls (75% and 55.8%, 
respectively). Most nonagenarians had ASA grade 3 compared 
with ASA grade 2 in the controls. Although there were no 
significant differences in the total number of comorbidities be-
tween the groups, cardiovascular diseases, cerebrovascular dis-
eases, hematological disorders, CKD, and cognitive impairment 
were significantly higher in nonagenarians. A significantly 
higher number of nonagenarians received antithrombotic ther-

Table 1. Demographics and comorbidities of nonagenarians and 
control group

Parameter Nonagenarian Control p-value
Number 128 1,370
Age (yr) 93±3 78±7 <0.001
Female:male 76:52 754:616 0.35
Inpatient procedure 114 (89.1) 854 (62.3) <0.001
Degree of urgency <0.001
 Routine 15 (11.7) 463 (33.8)
 Urgent 96 (75.0) 765 (55.8)
 Emergency 17 (13.3) 142 (10.4)
ASA grading 3.0±0.6 2.4±0.7 <0.001
 ASA1 0 105 (7.7) <0.001
 ASA2 19 (14.8) 707 (51.6)
 ASA3 89 (69.5) 490 (35.8)
 ASA4 20 (15.6) 66 (4.8)
Cardiovascular disease 102 (79.7) 922 (67.3) 0.01
Respiratory disease 25 (19.5) 394 (28.8) 0.03
Chronic liver disease 1 (0.8) 51(3.7) 0.08
Cerebrovascular accident 25 (19.5) 157 (11.5) 0.006
Diabetes mellitus 25 (19.5) 307 (22.4) 0.5
Hematological disorder 22 (17.2) 116 (8.5) <0.001
Chronic kidney disease 32 (25) 191 (13.9) <0.001
Cognitive impairment 22 (17.2) 66 (4.8) <0.001
No. of comorbidity 1.7±1.0 1.5±1.0 0.3
Antithrombotic therapy 48 (37.5) 360 (26.3) 0.007
Length of stay (day) 13.6±13.9 6.5±11.5 <0.001

Values are presented as mean±standard deviation or number (%).
ASA, American Association of Anaesthesiology.

Table 2. ERCP findings and therapies performed
Parameter Nonagenarian (n=128) Control (n=1,370) p-value
First ERCP 93 (72.7) 881 (64.3) 0.03
Completed intended treatment 115 (89.8) 1,226 (89.5) 0.90
CBD cannulation 115 (89.8) 1,236 (90.2) 0.45
Endoscopic sphincterotomy 94 (73.4) 983 (71.8) 0.86
PD cannulation 7 (5.5) 64 (4.7) 0.64
Precut papillotomy 11 (8.6) 84 (6.1) 0.27
Stone extraction >10 mm 38 (29.7) 258 (18.8) 0.003
Periampullary diverticulum 26 (20.3) 181 (13.2) 0.03

Values are presented as number (%).
ERCP, endoscopic retrograde cholangiopancreatography; CBD, common bile duct; PD, pancreatic duct.

apy. The mean LOS for nonagenarians was significantly higher 
than that in controls (13.6 days vs. 6.5 days). 

Most procedures were performed for the first time with a 
higher tendency in nonagenarians (72.7%) (Table 2). Docu-
mented CBD cannulation was achieved in 89.8% of the nona-
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genarians and 90.2% of the controls. There were significantly 
more larger stones (>10 mm) in nonagenarians (29.7%) than in 
the controls (18.8%). Almost one in five nonagenarians had a 
PAD, which was significantly higher than that in the controls. 
Completed intended treatment was similar in both the nonage-
narians and controls (89.8% and 89.5%, respectively).  

The overall complication rate did not differ significantly 
between the groups (Table 3). There were no significant differ-
ences between the groups with respect to bleeding, perforation, 
PEP, cholangitis, and cardiovascular events. However, nonage-
narians showed a higher incidence of pneumonia after ERCP 
(3.9%). None of the nonagenarians were readmitted to the hos-
pital within 7 days of the procedure. Thirty-two controls were 
readmitted to the hospital for the following reasons: abdominal 
pain not related to a procedural complication (n=9), PEP (n=5), 
melena (n=4), biliary sepsis (n=3), chest infection (n=3), duo-
denal perforation (n=1), repeat ERCP (n=1), chest pain (n=1), 
fluid overload (n=1), urosepsis (n=1), ureteric calculi (n=1), 

urinary tract infection (n=1), and neck pain (n=1). 
The causes of death in nonagenarians were as follows: corona-

virus disease 2019 (COVID-19) pneumonia (n=2), multiorgan 
failure (n=1), and complications of small bowel obstructions 
(n=1). The causes of death in the control group were as follows: 
pneumonia (n=3), multiorgan failure (n=3), pancreatitis (n=2), 
COVID-19 pneumonia (n=2), decompensated chronic liver 
disease (n=2), sepsis (n=2), lung cancer (n=2), frailty syndrome 
(n=2), PEP (n=1), aspiration pneumonia (n=1), cholangitis 
(n=1), CKD (n=1), ischemic heart disease (n=1), intracranial 
hemorrhage (n=1), and colorectal cancer (n=1). 

The controls received significantly higher doses of midazol-
am and fentanyl (Table 4). Despite this, the comfort scores were 
comparable between the groups. 

A total of 242 procedures were performed during the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pan-
demic between March 2020 and December 2020. Of the 242 
procedures, 21 procedures were performed on nonagenarians. 

Table 3. Incidence of complications, 7-day readmission, and 30-day death
Parameter Nonagenarian (n=128) Control (n=1,370) p-value
Bleeding 2 (1.6) 12 (0.9) 0.43
 Bleeding severity
 Mild 1 2
 Moderate 1 10
 Severe 0 0
Pancreatitis 1 (0.8) 26 (1.9) 0.37
Perforation 1 (0.8) 7 (0.5) 0.68
Cholangitis/cholecystitis 0 11 (0.8) 0.31
Respiratory events 5 (3.9) 7 (0.5) 0.002
Cardiovascular events 1 (0.8) 2 (0.1) 0.24
Overall complications 10 (7.8) 65 (4.7) 0.14
Readmission within 7 days 0 46 (3.4) 0.04
Readmission related to procedure 0 32 (2.3) 0.08
Death within 30 days 4 (3.2) 25 (1.8) 0.30

Values are presented as number (%).

Table 4. Comparison of sedative agents given and oxygen monitoring
Parameter Nonagenarian Control p-value
Oxygen saturation (%) 99.6±0.9 99.1±1.4 0.02
Midazolam (mg) 1.9±0.9 (123/128) 2.8±1.7 (1,337/1,370) 0.03
Pethidine (mg) 48.9±5.2 (23/128) 49.5±3.7 (243/1,370) 0.15
Fentanyl (μg) 44.5±15.9 (96/128) 70±59.3 (1,089/1,370) 0.003
Buscopan (mg) 21.6±9.2 (97/128) 23.7±10.7 (1,103/1,370) <0.001
Tolerance, comfortable or good 101 (78.9) 997 (72.8) 0.14

Values are presented as mean±standard deviation or number (%).
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Three nonagenarians developed COVID-19 pneumonia (>48 
hours post-ERCP), and two died within 30 days during this pe-
riod. 

DISCUSSION 

Our study showed that the efficacy of endoscopic removal of 
CBD stones in very elderly patients (≥90 years) was compa-
rable to those aged 65−89 years, as high as 89%. Our study 
also showed that ERCP was associated with a higher risk of 
postprocedural pneumonia. However, other ERCP-related 
complications, including PEP, bleeding, and perforations were 
not different between nonagenarians and the 65−89 years old 
group. The 30-day mortality rate was comparable to those aged 
65−89 years. To the best of our knowledge, this is the first large 
UK-based study to assess the safety and efficacy of endoscopic 
removal of CBD stones in nonagenarians. 

Several previous studies have assessed the efficacy and safety 
of ERCP in the elderly; however, most of these studies included 
patients with malignant diseases (Table 5).11-23 

We excluded patients with malignant obstruction because of 
the nature of the disease, which usually has a poor prognosis.24,25 
The study by Saito et al.22 was similar to our study with respect 
to the size of the nonagenarian cohort. In their study, CBD 
cannulation was achieved in 98% of the patients, with a success 
rate of 81% for CBD stone removal. In their study, 36.5% of 

patients aged ≥90 years had PAD with a precut sphincterotomy 
rate of 4.9%. PAD is one of the causes of difficult cannulation 
and is common in the elderly population. Difficult cannulation 
increased the risk of PEP (odds ratio, 3.4).26 We had a lower in-
cidence of PAD (20.3%) but a higher rate of performing precut 
sphincterotomy (8.6%). A smaller study (n=22) found compa-
rable outcomes in technical success and complication rates with 
no deaths reported in patients >90 years compared with (n=381) 
those aged 70−89 years.11 Another study from Spain (n=126) 
with mixed benign and malignant biliary obstructions showed 
a similar success rate of 90.5% with a complication rate of 2.5% 
and 30-day mortality of 0.7%.12 

Only one nonagenarian patient in our cohort developed PEP 
who had PAD with unsuccessful CBD cannulation. We ob-
served similar findings in other studies reporting a lower rate of 
PEP in elderly patients aged >90 years, with an incidence rate of 
0%−3%.17,20,22,23 Finkelmeier et al.27 grouped their patients into 
three categories 20−39 years, 40−60 years, and 61−80 years, and 
found that those between 20-39 years had a higher incidence of 
PEP. The reason for this observation remains unclear. A possi-
ble explanation is the reduced size of the pancreas and reduced 
enzyme production in the elderly.27-29 

Although the number of comorbidities was comparable 
between the groups, our cohort of nonagenarians had signifi-
cantly higher rates of cardiovascular diseases, cerebrovascular 
accidents, hematological disorders, CKD, and cognitive im-

Table 5. Summary of previous studies on efficacy and safety of ERCP in the elderly ≥90 years old

Study Country Characteristic of cohort Patient Success  
rate (%)

Complication  
rate (%)

30-Day  
death (%)

Sugiyama and Atomi 
(2000)11

Japan Choledocholithiasis 22 100 5 ND

Rodríguez-González et al. 
(2003)12

Spain Choledocholithiasis and malignant diseases 126 90.5 2.5 0.7

Mitchell et al. (2003)13 Northern Ireland Choledocholithiasis and malignant diseases 23 91.3 13 13
Hui et al. (2004)14 Hong Kong Mostly choledocholithiasis 64 98.4 4.7 7.8
Huguet et al. (2005)15 Spain Choledocholithiasis and malignant diseases 42 85.7 14.4 ND
Cariani et al. (2006)16 Italy Choledocholithiasis and malignant diseases 40 82 0 ND
Katsinelos et al. (2006)17 Greece Choledocholithiasis and malignant diseases 63 74.5 6.3 1.6
Grönroos et al. (2010)18 Finland Choledocholithiasis and malignant diseases 41 NA 7 10
Hu et al. (2014)19 China Choledocholithiasis and malignant diseases 78 85 7.7 NA
Yun et al. (2014)20 Korea Choledocholithiasis and malignant diseases 43 86.1 11.6 2
Sobani et al. (2018)21 USA Choledocholithiasis and malignant diseases 72 89.2 4.1 12.2
Saito et al. (2019)22 Japan Choledocholithiasis 126 81 9.5 ND
Ogiwara et al. (2020)23 Japan Choledocholithiasis and malignant diseases 66 98.48 15.5 1.5
This study (2022) UK Choledocholithiasis 128 89.8 7.8 3.2

ERCP, endoscopic retrograde cholangiopancreatography; ND, no death; NA, not available.
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pairment. Respiratory diseases were less prevalent than those 
in the 65−89 years old group, and, given the higher post-ERCP 
respiratory complications, one would conclude that prepro-
cedural screening would have excluded those with significant 
respiratory diseases in the elderly. Despite the lower burden of 
respiratory diseases, our nonagenarians were at a higher risk 
of developing post-ERCP pneumonia. The increased preva-
lence of post-ERCP pneumonia in the elderly has been studied 
previously, with findings similar to our nonagenarians.30,31 
Kollman et al.31 assessed and compared factors associated with 
post-endoscopy pneumonia in patients >65 years old and a 
younger group and found older age was the most significant 
factor associated with pneumonia. Friedrich et al.30 reported an 
increased risk in those with a history of intraprocedural cough 
and vomiting. Other factors that could have contributed to the 
increased risk of post-ERCP pneumonia in our cohort includ-
ing an increased ASA grade, high prevalence of PAD, and high-
er prevalence of large stones, which could have contributed to a 
longer procedure time. 

Patients with cardiovascular comorbidities pose a significant 
risk during ERCP, and this risk is accentuated by prolonged 
procedure time. A study found that 11.3% of those aged >65 
years had increased cardiac troponin enzyme levels after 
ERCP.32 Liver diseases, including compensated chronic liver 
disease, were found to be associated with increased LOS and 
bleeding during ERCP.33 Those with CKD have a higher risk of 
PEP and increased LOS.34 One of the possible explanations is 
the papillary edema secondary to fluid retention in CKD hin-
dering successful CBD cannulation.34 

The LOS for nonagenarians was longer than that for the con-
trols. In a Japanese study of 66 patients who underwent ERCP, 
the average hospital stay was 28.9 days; however, a third of their 
procedures were for malignant diseases, which could explain 
the longer LOS compared with our cohort.23 A study investigat-
ed 172 patients with acute cholangitis who underwent ERCP 
and found that an increased ASA grade and the presence of 
comorbidities were associated with LOS beyond 10 days.35 Our 
nonagenarian cohort had a higher ASA grade compared with 
the 65−89 years old group, which could have contributed to 
longer LOS. 

Our lower rate of sphincterotomy compared with CBD can-
nulation is because our cohort is comprised of individuals re-
quiring their first ERCP and those requiring a repeat ERCP. 

Our study covered the period during which the World Health 
Organization declared SARS-CoV-2 a global pandemic on 

March 11, 2020. We collected data until the end of December 
2020; therefore, we included data of 9 months during the SARS-
CoV-2 pandemic. COVID-19 is a highly contagious infection 
caused by SARS-CoV-2. It is associated with an increased 
risk of respiratory tract infection.36 Three patients developed 
COVID-19 pneumonia. The only patient who tested positive 
for SARS-CoV-2 at <48 hours post-ERCP was an inpatient who 
was admitted 8 days prior to ERCP. Although COVID-19 can 
be transmitted via the airborne route during aerosol-generated 
procedures, including ERCP,37 the chest radiography report 
was consistent with COVID-19 pneumonia rather than aspi-
ration pneumonia. Therefore, we believe that the patient had 
COVID-19 pneumonia rather than post-ERCP pneumonia. 
The hospital policy for endoscopy during COVID-19 was fol-
lowed, including the use of complete personal protective equip-
ment and downtime of 20 minutes between patients, followed 
by complete cleaning of the room. 

The appropriate choice of sedative agents and doses are es-
sential for the success of ERCP. Complications associated with 
sedation in gastrointestinal endoscopy include respiratory 
depression, airway obstruction, and aspiration.38 The risk of 
complications tends to be higher in elderly patients; therefore, 
caution should be exercised. We performed conscious sedation 
with monitoring of vital signs at our institution. Nonagenarians 
received less midazolam and fentanyl compared with individu-
als belonging to the 65−89 years old group; however, their toler-
ance was comparable to that of the controls. 

There are several limitations to the current study, mainly 
owing to its retrospective nature. We did not collect informa-
tion on intraprocedural cough or vomiting which is linked to 
increased risk of pneumonia. We were also unable to report 
the rectal diclofenac administered in our study because this 
information was stored in the hospital notes. We have relied on 
digitally stored information for this study. In addition, the prac-
tice of administering rectal diclofenac at our institution started 
in 2019. Furthermore, we believe that the incidence of PEP in 
both cohorts is comparable to that reported in the literature. In 
addition, it would have been useful to compare our groups to 
a third group of nonagenarians who were found to have CBD 
stones on cross-sectional imaging but did not undergo ERCP to 
compare the 7-day readmission and mortality. Lastly, we could 
not minimize the interobserver variability of the ASA grading. 

In conclusion, endoscopic CBD stone removal in nonage-
narians is achievable with a high success rate. Complications 
such as PEP, bleeding, and perforation were comparable with 

Jalal et al. ERCP in the elderly aged ≥90 years

97



patients aged 65−89 years. However, nonagenarians are at a 
higher risk of developing post-ERCP pneumonia; therefore, 
careful assessment is required for early detection and treatment. 
We believe this study will present a starting point for further 
studies investigating the causes of post-ERCP pneumonia in the 
elderly. 
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Background/Aims: Endoscopic ultrasound (EUS) has become an essential diagnostic and therapeutic tool. EUS was introduced in 
2013 in Indonesia and is considered relatively new. This study aimed to describe the current role of interventional EUS at our hospital 
as a part of the Indonesian tertiary health center experience. 
Methods: This retrospective study included all patients who underwent interventional EUS (n=94) at our center between January 2015 
and December 2020. Patient characteristics, technical success, clinical success, and adverse events associated with each type of inter-
ventional EUS procedure were evaluated. 
Results: Altogether, 94 interventional EUS procedures were performed at our center between 2015 and 2020 including 75 cases of 
EUS-guided biliary drainage (EUS-BD), 14 cases of EUS-guided pancreatic fluid drainage, and 5 cases of EUS-guided celiac plexus 
neurolysis. The technical and clinical success rates of EUS-BD were 98.6% and 52%, respectively. The technical success rate was 100% 
for both EUS-guided pancreatic fluid drainage and EUS-guided celiac plexus neurolysis. The adverse event rates were 10.6% and 7.1% 
for EUS-BD and EUS-guided pancreatic fluid drainage, respectively. 
Conclusions: EUS is an effective and safe tool for the treatment of gastrointestinal and biliary diseases. It has a low rate of adverse 
events, even in developing countries. 

Keywords: Drainage; Endoscopic ultrasound-guided fine needle aspiration; Endosonography; Gastrointestinal endosocopy 
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INTRODUCTION 

Endoscopic ultrasound (EUS) has emerged as an essential tool 
for diagnostic and therapeutic procedures. EUS was first de-
veloped in the 1980s and is predominantly used as a guide for 

fine-needle aspiration. EUS allows real-time visualization of 
many organs and lesions adjacent to the gastrointestinal tract, 
making it possible to target them while avoiding vascular and 
other structures in their proximity. This ability paves the way 
for EUS in the treatment of various gastrointestinal diseases.1 

Currently, EUS plays a role in the management of biliary 
drainage, pancreatic fluid drainage, celiac plexus neurolysis, 
and targeted chemotherapy and/or radiotherapy. EUS-guid-
ed biliary drainage (EUS-BD) has been used in patients with 
failed cannulation, inaccessible papilla due to obstruction of the 
stomach or the duodenum, or surgically altered anatomy. EUS 
is also used in patients with pancreatic pseudocysts (PPCs) and 
walled-off necrosis (WON) to guide fluid collection. In ma-
lignant diseases, EUS plays a role in the delivery of antitumor 
agents, brachytherapy, tumor ablation, placement of fiducial 
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markers, or laser therapy. EUS-guided celiac plexus neurolysis 
(EUS-CPN) or celiac plexus blockage is used for pain manage-
ment in pancreatic cancer and chronic pancreatitis.2 

Recent studies have shown that EUS-guided interventions are 
safe and effective, have fewer complications than percutaneous 
radiological interventions, and are less invasive than surgical 
procedures. Currently, EUS-guided drainage of PPCs or WON 
has a technical success rate above 95%, which is higher than 
that of conventional transmural drainage (technical success rate 
of 72%). However, EUS-guided interventions have a higher risk 
of complications when compared with conventional endoscopy. 
Depending on the type of intervention, these complications in-
clude bleeding, infection, perforation, and other complications.3 

EUS is relatively new in Indonesia. It was first introduced in 
2013 at Cipto Mangunkusumo General Hospital, which is a 
tertiary health center and teaching hospital. EUS-BD was first 
introduced in 2015. Since its introduction, it has been the treat-
ment of choice for biliary drainage in case of failure of endo-
scopic retrograde cholangiopancreatography (ERCP). Makmun 
et al.4 demonstrated a technical success rate of 100% for EUS-
BD procedures in patients with malignant biliary obstruction 
and clinical success rates of 78.2% and 100% for EUS-BD via 
the choledochoduodenostomy route (EUS-CDS) and EUS-
BD via the hepaticogastrotomy route (EUS-HGS), respectively. 
Since then, the role of interventional EUS has expanded in 
Indonesia. This study aimed to describe the current role of 
interventional EUS at our hospital as a part of the Indonesian 
tertiary health center experience. 

METHODS 

Study design 
We performed a retrospective study at Cipto Mangunkusumo 
National General Hospital, a tertiary health center and a major 
referral hospital in Indonesia. All adult patients who underwent 
interventional EUS at the hospital between January 2015 and 
December 2020 were included in this study. The profiles of all 
the patients and the results of these procedures were reviewed. 
Data were obtained from electronic medical records. The ob-
tained information included patient demographics such as age 
and sex, diagnosis, type of procedure, laboratory data, technical 
and clinical success of the procedure, and complications or 
adverse events. The decision to perform interventional EUS 
was made based on the judgment of experienced gastroenterol-
ogists. The interventional EUS procedures were performed by 

four experienced endoscopists who performed more than 150 
ERCP procedures and 75 EUS-FNA procedures annually. 

EUS was performed using an Olympus EU-ME2 ultrasound 
processor with a curvilinear array ultrasound gastrovideoscope 
(GF-UCT180; Aizu Olympus Co., Ltd., Tokyo, Japan). For the 
puncture, we used the Boston Scientific Expect Slimline EUS 
aspiration needle (Boston Scientific Ltd., Spencer, IN, USA). 
We also used cystotomes for EUS-BD. 

The primary outcomes of this study were the results of these 
procedures. The results of the procedures were assessed based 
on their technical and clinical success. Technical success in 
EUS-BD and EUS-guided pancreatic fluid drainage was defined 
as successful stent deployment at the end of the procedure. 
Technical success in other procedures was defined as successful 
execution of the procedures. Clinical success in EUS-BD was 
defined as a 50% reduction in total serum bilirubin at 1 week 
after the procedure. Clinical success in other procedures was 
defined as a reduction in the symptoms after the procedure. 
The secondary outcomes were the complications and adverse 
events associated with the procedures. 

The collected data were analyzed using descriptive statistics. 
Numerical data were presented as mean and standard deviation 
or median and interquartile range. Categorical data were pre-
sented as counts and percentages. All analyses were performed 
using IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA). 

Ethical statements 
This study was approved by the ethical committee of Faculty of 
Medicine University of Indonesia, Cipto Mangunkusumo Na-
tional General Hospital (IRB No: 21-05-5019). 

RESULTS 

Patient characteristics 
Altogether, 94 patients who underwent interventional EUS 
procedures at our center between January 2015 and December 
2020 were included. Among these, 47.9% were male and 52.1% 
were female. The mean age of the patients was 57±14.2 years. 
The characteristics of the patients and the types of interven-
tional EUS procedures performed at our center are presented in 
Table 1. 

EUS-BD 
EUS-BD was the most frequent EUS-guided intervention  
(74 patients, 78.7%). Characteristics of patients who underwent 
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Table 1. Characteristics of patients who underwent interventional EUS procedures
Characteristic Total (n=94) EUS-BD (n=75) EUS-guided pancreatic drainage (n=14)
Sex
 Male 45 (47.9) 35 (46.7) 8 (57.1)
 Female 49 (52.1) 40 (53.3) 6 (42.9)
Age (yr)
 <60 53 (56.4) 36 (48.0) 13 (92.9)
 ≥60 41 (43.6) 39 (52.0) 1 (7.1)
Primary disease
 Tumor of the head of pancreas 38 (40.4) 35 (46.7) -
 Ampulla/periampullary tumor 12 (12.8) 12 (16.0) -
 Pancreatic pseudocyst 9 (9.6) - 9 (64.3)
 Pancreatic mass 6 (6.4) 6 (8.0) -
 Duodenal mass 6 (6.4) 6 (8.0) -
 Obstruction or stenosis of CBD 5 (5.3) 5 (6.7) -
 Metastasis from other organs 4 (4.3) 4 (5.3) -
 Walled-off necrosis 2 (2.1) - 2 (14.3)
 Klatskin tumor 2 (2.1) 2 (2.7) -
 CBD stone 2 (2.1) 2 (2.7) -
 Pancreatic cyst 2 (2.1) - 1 (7.1)
 Chronic pancreatitis 2 (2.1) - 1 (7.1)
 Cholangiocarcinoma 2 (2.1) 2 (2.7) -
 Pyogenic abscess of the pancreas 1 (1.1) - 1 (7.1)
 Biliary sepsis 1 (1.1) 1 (1.3) -
Stents
 Plastic stent 62 (66.0) 55 (73.3) 7 (50.0)
 Metal stent 26 (27.6) 20 (26.7) 6 (42.9)
 No stent 6 (6.4) - 1 (7.1)
Technique NA NA
 Choledochoduodenostomy 68 (90.7)
 Hepaticogastrotomy 6 (8.0)
 Rendezvous 1 (1.3)
Indication NA NA
 Difficult cannulation 43 (57.3)
 Unidentifiable ampulla 32 (42.7)
Complications
 Overall 9 (9.6) 8 (10.6) 1 (7.1)
 Pneumoperitoneum 6 (6.4) 6 (8.0) -
 Bile peritonitis 1 (1.1) 1 (1.3) -
 Perforation 1 (1.1) 1 (1.3) -
 Stent migration 1 (1.1) - 1 (7.1)

Values are presented as number (%).
EUS, endoscopic ultrasound; BD, biliary drainage; CBD, common bile duct; NA, not applicable.

EUS-BD are presented in Table 2. At our center, most of the 
patients underwent EUS-CDS rather than EUS-HGS. The EUS-
CDS procedure for pancreatic head cancer is shown in Figure 1, 
while the EUS-HGS procedure in a patient with advanced amp-

ullary adenocarcinoma is shown in Figure 2. Plastic stents were 
used more frequently than metal stents at our center in patients 
who underwent EUS-BD (Table 1). 

The overall technical success rate of EUS-BD at our center 
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was 98.6%. The overall clinical success rate was 52%, with no 
follow-up data available for two patients. The complication 
rate for EUS-BD was 10.6% (eight adverse events). The adverse 
events included perforation, pneumoperitoneum, and bile peri-
tonitis (Table 1). 

No significant differences were observed between EUS-CDS 
and EUS-HGS in terms of technical success, clinical success, 
and complication rates. The technical success rate for EUS-
CDS was 98.5%, while that for EUS-HGS was 100%. EUS-
CDS achieved a clinical success rate of 50%, while EUS-HGS 
achieved a clinical success rate of 66.7%. All complications oc-
curred during EUS-CDS, with a complication rate of 11.3%. No 
complications occurred during EUS-BD-HGS. 

Indications for EUS-CDS were difficult cannulation and 
unidentifiable ampulla in 55.9% and 44.1% of the cases, respec-
tively. Pancreatic head cancer was the most common diagnosis 
(50.0%) among patients who underwent EUS-CDS, followed by 
ampullary and periampullary tumors (16.2%). The indications 
for EUS-HGS were difficult cannulation and unidentifiable am-
pulla in 66.7% and 33.3% of the cases, respectively. Pancreatic 

mass (33.3%) was the most common diagnosis among patients 
who underwent EUS-HGS. 

EUS-guided pancreatic fluid drainage 
EUS also plays a role in pancreatic fluid drainage from PPCs 
and WON. Fourteen patients underwent EUS-guided pancre-
atic fluid drainage at our center from 2015 to 2020. The charac-
teristics of the patients who underwent EUS-guided pancreatic 
fluid drainage are presented in Table 1. The technical success 
rate was 100%. Plastic stents were used in 50% of the patients, 
metal stents were used in 42.9% of the patients, and no stents 
were used in 7.1% of the patients. EUS-guided PPC drainage 
using a lumen-apposing metal stent (LAMS) is shown in Figure 
3. Among the 14 patients who underwent EUS-guided pancre-
atic fluid drainage, stent migration was observed in one patient. 

EUS-CPN 
At our center, five EUS-CPN procedures were performed in 
four patients with pancreatic malignancy and in one patient 
with chronic pancreatitis. The technical success rate was 100%. 

Fig. 1. Endoscopic ultrasound biliary drainage via the choledochoduodenostomy route in advanced pancreatic head cancer. (A) Puncture 
of the dilated common bile duct with a 19-gauge needle. (B) Cholangiography and wire placement. (C) Fistulization using a cystotome. (D) 
Placement of a plastic stent.

Fig. 2. Endoscopic ultrasound biliary drainage via the hepaticogastrotomy route (patient with advanced ampullary adenocarcinoma. (A) 
Puncture of the dilated intra-hepatic bile duct with a 19-gauge needle. (B) Cholangiography, wire placement, and fistulization. (C, D) Deploy-
ment of a fully covered self-expandable metal stent.
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Fig. 3. Endoscopic ultrasound-guided pseudocyst drainage using a lumen-apposing metal stent. (A) Puncture of the lesion under endoscopic 
ultrasound guidance with a 19-gauge needle. (B) Insertion of a guidewire into the cyst. (C) Deployment of a lumen-apposing metal stent. 

AA BB CC

AA BB

Fig. 4. Endoscopic ultrasound-guided celiac plexus neurolysis in 
patient with pancreatic head cancer. (A) Identification of the celiac 
artery. (B) Puncture with a 19-gauge needle with initial injection of 
2 mL bupivacaine followed by injection of absolute alcohol solution 
around the celiac trunk.

Table 2. List of patients who underwent endoscopic ultrasound-guided celiac plexus neurolysis
Patient Sex Age (yr) Diagnosis Technical success Clinical success
1 Female 41 Cancer of the head of pancreas Yes Yes
2 Male 48 Cancer of the head of pancreas Yes Yes
3 Female 47 Chronic pancreatitis Yes Yes
4 Male 66 Cancer of the head of pancreas Yes Yes
5 Female 36 Serous cystic neoplasm Yes Yes

Ethanol and Bupivacaine were used as neurolytic agents. Pain 
relief was observed in all patients. No complications occurred 
during the procedures. The list of patients who underwent 
EUS-CPN is presented in Table 2. The degree of pain relief 
was measured using the visual analog scale score. The median 
change in the visual analog scale score was 6 points (range, 4–8 
points). The EUS-CPN procedure is shown in Figure 4. 

DISCUSSION 

At our center, EUS has played various roles in the management 
of gastrointestinal and biliary diseases. EUS-BD was the most 
common interventional EUS procedure performed at our cen-
ter as CDS was the most common access route. The overall 
technical success rate of EUS-BD at our center was 98.6%. This 
result is consistent with those from previous studies that report-
ed a technical success rate of approximately 90% for EUS-BD. 
However, the overall clinical success rate at our center was only 
52%. In a previous study at our center, we reported a clinical 
success rate of 78.3% in achieving biliary drainage.4 This per-
centage is lower than the clinical success rates reported in other 
studies. Kanno et al.5 reported a technical success rate of 98% 

and a clinical success rate of 93% in patients with unresectable 
malignant biliary obstruction who underwent EUS-BD. Paik et 
al.6 also reported a technical success rate of 93.8% and a clinical 
success rate of 90% in a similar patient population. 

The low clinical success rate at our center might be due to the 
more frequent use of plastic stents compared to metal stents. 
The choice between plastic and metal stents usually depends on 
the etiology of the disease. Plastic stents are used for benign ob-
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structions such as biliary strictures, while metal stents are more 
commonly used for malignant obstruction.7 Theoretically, metal 
stents such as self expandable metallic stent, should be more ad-
vantageous than plastic stents, since they have a larger diameter 
that can provide better biliary drainage and better prevention 
of bile leakage. However, metal stents are more expensive and 
have a higher risk of stent migration.8 

Another possible cause of the low clinical success rate at our 
center is the advanced stage of the disease. Due to the referral 
system in Indonesia, most of the patients visiting our center 
have advanced stages of cancer, severe cholangitis, and sepsis. 
Moreover, we defined clinical success of EUS-BD as a 50% re-
duction in total serum bilirubin at 1 week after the procedure, 
while other studies defined clinical success as a 50% reduction 
in total serum bilirubin at 2–4 weeks after the procedure. 

The complication rate of EUS-BD was 10.6% at our center. 
This is relatively low compared to the complication rates re-
ported in previous studies. In previous studies, the complica-
tion rate of EUS-BD varied from as low as 6.3% to as high as 
35%.2,6,9 Possible complications of EUS-BD include perforation, 
bile leakage, bleeding, and stent migration or dysfunction. At 
our center, the most common adverse event was pneumoperi-
toneum. However, this adverse event was self-limiting and did 
not require surgical treatment. Risk factors for complications 
in EUS-BD include the use of plastic stents, track dilatation, 
and the use of gases other than carbon dioxide. The safety of 
the procedure also depends on the experience of the operator 
and the assistant. Bile leakage, which can lead to bile peritonitis, 
occurs more frequently in patients with plastic stents than in 
those with metal stents. Kawakubo et al.10 reported that the per-
centage of bile leakage was 11% in patients with plastic stents 
and 4% in those with metal stents.  

EUS is also used for pancreatic fluid drainage of PPCs and 
WON at our center. The technical success rate of EUS-guided 
drainage at our center was 100%. The success rates in other 
studies varied from 70% to 100%. Kumta et al.11 reported a 
technical success rate of 98.4% and a clinical success rate of 
92.6% in patients with pancreatic fluid collections (PFCs) who 
underwent EUS-guided drainage using LAMS. EUS-guided 
drainage is comparable to surgical drainage12 and has a higher 
success rate than percutaneous drainage.13 Keane et al.14 report-
ed no significant difference in the success rates of EUS-guided 
drainage between patients with PPCs and those with WON 
(p=0.77). 

Adverse event rates in other studies varied from 1.5% to 
14.3%.12,15 Adverse events associated with EUS-guided pan-
creatic drainage include stent migration, pneumoperitoneum, 
perforation, gastrointestinal bleeding, pneumothorax, and 
aspiration pneumonia.14 In a study by Xie et al.,13 EUS-guided 
drainage was associated with a significantly lower number of 
reinterventions (p=0.047) and a significantly shorter length 
of hospital stay (p<0.001) when compared with percutaneous 
drainage. However, EUS-guided drainage was associated with 
a higher number of PFC recurrences and reinterventions when 
compared with surgical drainage (p=0.035 and p=0.017, respec-
tively).12 Only one patient experienced an adverse event (stent 
migration) at our center. However, no data are available re-
garding PFC recurrences and reinterventions after EUS-guided 
pancreatic fluid drainage at our center. 

The technical success rate for EUS-CPN was 100% at our 
center and pain relief was achieved in patients with pancreatic 
cancer and chronic pancreatitis. Puli et al.16 performed a me-
ta-analysis including eight studies on pain due to pancreatic 
cancer and nine studies on pain due to chronic pancreatitis. 
They reported that the pooled proportion of patients with pain 
relief after the procedure was as high as 80.12% (95% confi-
dence interval [CI], 74.47–85.22) among patients with pan-
creatic cancer and 59.45% (95% CI, 54.51–64.30) among those 
with chronic pancreatitis. Kaufman et al.17 also reported that 
EUS-CPN was effective in managing pain associated with pan-
creatic cancer in 72.45% of the patients. 

In conclusion, EUS plays various roles in the treatment of 
gastrointestinal and biliary diseases. As a tertiary center in In-
donesia, our hospital has implemented interventional EUS as a 
therapeutic approach in many cases. EUS-BD is the treatment 
of choice for biliary drainage in case of failure of cannulation 
during ERCP. EUS-guided drainage is also considered a safe 
and effective approach for PFC from PPCs and WON. EUS also 
has an extensive role in the management of malignant diseases, 
which includes reducing cancer-associated pain using EUS-
CPN. 
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Background/Aims: Immune checkpoint blockade has recently been reported to be effective in treating microsatellite instability (MSI)-
high tumors. Therefore, sufficient sampling of histological specimens is necessary in cases of unresectable pancreatic cancer (UR-PC). 
This multicenter study investigated the efficacy of endoscopic ultrasound-guided fine-needle biopsy (EUS-FNB) using a Franseen nee-
dle for MSI evaluation in patients with UR-PC. 
Methods: A total of 89 patients with UR-PC who underwent endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) or 
EUS-FNB using 22-G needles at three hospitals in Japan (2018–2021) were enrolled. Fifty-six of these patients (FNB 23 and FNA 33) 
were followed up or evaluated for MSI. Patient characteristics, UR-PC data, and procedural outcomes were compared between patients 
who underwent EUS-FNB and those who underwent EUS-FNA. 
Results: No significant difference in terms of sufficient tissue acquisition for histology was observed between patients who underwent 
EUS-FNB and those who underwent EUS-FNA. MSI evaluation was possible significantly more with tissue samples obtained using 
EUS-FNB than with tissue samples obtained using EUS-FNA (82.6% [19/23] vs. 45.5% [15/33], respectively; p<0.01). In the multivari-
ate analysis, EUS-FNB was the only significant factor influencing the possibility of MSI evaluation. 
Conclusions: EUS-FNB using a Franseen needle is desirable for ensuring sufficient tissue acquisition for MSI evaluation.  

Keywords: Endoscopic ultrasound-guided fine-needle aspiration; Endoscopic ultrasound-guided fine-needle biopsy; Franseen needle; 
Microsatellite instability; Pancreatic neoplasms  
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INTRODUCTION 

Pancreatic cancer (PC) is a lethal disease and a major cause 
of cancer-related deaths worldwide.1 One reason for the poor 
prognosis associated with PC is that when most patients with 
PC are diagnosed, the tumor is already unresectable (UR)2-4; 
therefore, chemotherapy is the main treatment for unresectable 
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PC (UR-PC) patients. According to the guidelines for treating 
PC published by the American Society of Clinical Oncology 
and the Japan Pancreatic Society, pembrolizumab is a sec-
ond-line treatment for microsatellite instability (MSI)-high 
UR-PC.5,6 MSI is a predictive marker for the curative effect of 
immune checkpoint blockades. Recently, MSI evaluation using 
the Promega panel (Promega, Madison, WA, USA) has been 
covered by national health insurance in Japan. Therefore, it is 
desirable to obtain tissue samples from UR-PC patients for MSI 
evaluation. 

Endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) is an efficient and a safe method for sampling PC spec-
imens.7-9 However, endoscopic ultrasound-guided fine-needle 
biopsy (EUS-FNB) using a Franseen needle has been reported 
more useful than EUS-FNA for tissue sampling.10,11 A previous 
report indicated that tissue sampling using EUS-FNB was use-
ful for MSI evaluation in UR-PC patients.12 However, the pre-
vious study was performed at a single institution, and few UR-
PC patients underwent both EUS-FNB and MSI evaluation. 
Therefore, whether EUS-FNB using a Franseen needle is useful 
for MSI evaluation in patients with UR-PC remains unknown. 
Therefore, we performed this multicenter study to determine 
the efficacy of EUS-FNB using a Franseen needle for sampling 
a sufficient amount of tissue for MSI evaluation. 

METHODS 

Patients 
A total of 89 UR-PC patients who underwent EUS-FNA or 
EUS-FNB (EUS-FNAB) using 22-G needles between December 
2018 and December 2021 at three hospitals in Japan (Fukushima 
Medical University Hospital, Aizu Medical Center of Fukushi-
ma Medical University, and Ohtanishinouchi Hospital) were 
enrolled (Fig. 1). Among these patients with UR-PC, 56 were 

followed up or evaluated for MSI. A total of 23 and 33 patients 
underwent EUS-FNB and EUS-FNA, respectively. In contrast, 
33 patients were excluded because they were not evaluated for 
MSI: 14 patients were treated with best supportive care, 13 were 
treated with chemotherapy at other hospitals, and six chose 
not to undergo MSI evaluation. Thirteen patients who received 
treatment at other hospitals did not undergo subsequent MSI 
evaluation of the EUS-FNAB specimens. 

Criteria for the three hospitals 
All institutions that participated in this study were affiliated 
hospitals at the Fukushima Medical University. Therefore, the 
procedural and histological diagnostic criteria were almost 
identical. In addition, histological specimens obtained from the 
Ohtanishinouchi Hospital were sent for analysis to the Depart-
ment of Diagnostic Pathology, Fukushima Medical University, 
through highly secure internet communication. 

EUS-FNAB 
After the patients were sufficiently sedated with intravenous 
administration of midazolam and placed in the left lateral de-
cubitus position, we gently inserted an echoendoscope. When 
the lesion was observed on the monitor, the lack of blood flow 
on the puncture line was confirmed using doppler mode. The 
lesion was punctured and the stylet was removed. The needle 
was passed back and forth 20 times in the lesion while suction 
was applied using a 10-mL or 20-mL syringe. White lumbricoid 
specimens were separated from all the specimens collected us-
ing EUS-FNAB. The lumbricoid specimens were preserved in a 
bottle filled with formalin for subsequent histological diagnosis. 
The remaining specimens were used for cytology and rapid on-
site evaluation (ROSE).13 Repeat aspiration was performed until 
a sufficient specimen was obtained, as confirmed by ROSE. We 
usually complete EUS-FNAB after four needle passes in accor-
dance with the report by Suzuki et al.14 However, when suffi-
cient specimens were not confirmed by ROSE, we performed 
additional needle passes.  

The following echoendoscopes and ultrasonography equip-
ment were used: GF-UC240AL-5, GF-UCT260, EU-ME-1, 
and EU-ME-2 (Olympus Medical Systems, Tokyo, Japan). The 
needles were selected as follows. For patients with vessels near 
the puncture line, a conventional FNA needle was used because 
of its good penetration ability. Otherwise, the endoscopist ran-
domly selected the needle. The Franseen Acquire 22-G needle 
(Boston Scientific, Marlborough, MA, USA) was used for EUS-

•  EUS-FNAB performed in 
UR-PC patients

• 89 Using 22-G needles

23 FNB 33 FNA

•  14 Best supportive care
•  13 Received chemotherapy in 

other hospitals
•  6 Unwanted MSI evaluation

Fig. 1. Flowchart of the patient groups in this study. EUS-FNAB, 
endoscopic ultrasound-guided fine-needle aspiration or biopsy; UR-
PC, unresectable pancreatic cancer; FNB, fine-needle biopsy; FNA, 
fine-needle aspiration; MSI, microsatellite instability.
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FNB (Fig. 2). The cutting area of the Franseen needle was larger 
than that of a conventional needle. The needles used for EUS-
FNA were an EchoTip 22-G (Cook Medical Inc., Winston 
Salem, NC, USA), EZ Shot 3 Plus 22-G (Olympus Medical Sys-
tems), and Expect 22-G (Boston Scientific). 

All procedures were performed by pancreaticobiliary special-
ists who had performed more than 200 EUS-FNAB procedures 
or by beginners under the guidance of pancreaticobiliary spe-
cialists. 

Examination items 
Patient characteristics (age, sex), UR-PC data (tumor size, lo-
cation, and progression), and procedural outcomes (puncture 
route, puncture number, possibility of histological diagnosis, 
possibility of performing MSI evaluation, and adverse events) 
were compared between patients who underwent EUS-FNB and 
those who underwent EUS-FNA. Additionally, a multivariate 
analysis was performed to determine the factors that influenced 
the possibility of MSI evaluation. Tumor size was measured 
using computed tomography or EUS. Locally advanced UR-PC 
was determined under the following conditions: (1) invades/ 
contacts the portal vein or superior mesenteric vein by >180° 
with a range of invasion/contact transcending the inferior du-
odenal angle; (2) invades/contacts the celiac artery or superior 
mesenteric artery by >180°; (3) invades/contacts the common 
hepatic artery with a range of invasion/contact extending to the 
celiac artery or proper hepatic artery; and (4) invades/contacts 
the aorta.15,16 In contrast, UR-PC was diagnosed by histology or 
cytology using EUS-FNAB. Cytology was classified on a scale of 
classes I to V (I, normal; II, atypical but benign; III, difficult to 
diagnose as benign or malignant; IV, suspected malignant; and 
V, malignant). Malignancy was defined as a class IV or V cytol-
ogy. 

Requirements for histological diagnosis and MSI evalua-
tion 
MSI evaluations for the three hospitals were performed by an 
external agency (Falco Holdings Co., Kyoto, Japan). If a his-
tological specimen did not satisfy the conditions required for 
MSI evaluation, the specimen was not submitted to the outside 
agency for pathological judgment. 

Histological diagnosis was made using all specimens sub-
mitted to the department of pathology. A formalin-fixed paraf-
fin-embedded (FFPE) block was designated for each procedure 
performed at the Fukushima Medical University and Aizu 
Medical Center. Alternatively, an FFPE block was prepared for 
each puncture at the Ohtanishinouchi Hospital. To diagnose 
whether a tumor is malignant, the specimen must include tu-
mor tissue that has not degenerated or crushed. Furthermore, 
when a specimen contains inflammatory contents, it becomes 
difficult to identify whether atypical cells are tumoral or reac-
tive to inflammation. 

The conditions for histological specimens required by the 
outside agency (Falco Holdings Co.) were as follows: more than 
2,000 PC cells to extract DNA for MSI evaluation, PC cell con-
tent >50%, and more than five unstained PC slide specimens 
must be prepared. An MSI detection kit, called the Promega 
panel, was used to analyze MSI using five mononucleotide 
markers (BAT-25, BAT-26, NR-21, NR-24, and MONO-27). 
Although the Bethesda panel has been used for MSI evaluation 
for a long time,17 the Promega panel is superior to the Bethesda 
panel for MSI evaluation.18 In addition, unlike the Bethesda 
panel, the Promega panel does not require a normal tissue con-
trol.19-21 When more than two markers are MSI positive, MSI-
high PC is diagnosed. 

Statistical analyses 
The Mann-Whitney U-test was used to compare continuous 
variables that did not conform to a normal distribution with 
ordinal variables. The Fisher exact test was used to compare 
nominal variables. Logistic regression was used to investigate 
the factors influencing the possibility of MSI evaluation. Statis-
tical significance was set at p<0.05. EzR (Saitama Medical Cen-
ter, Jichi Medical University, Saitama, Japan)22 was used for all 
statistical analyses. 

Ethical statements 
This multicenter retrospective study was approved by the Insti-
tutional Review Board of Fukushima Medical University (IRB 

Fig. 2. The Franseen needle used for endoscopic ultrasound-guided 
fine-needle biopsy. The cutting surface of the conventional fine-nee-
dle aspiration needle has a lancet shape. The area of the cutting sur-
face becomes larger by adopting the Franseen design.

Conventional needle

Franseen needle

Takagi et al. EUS-FNB for MSI evaluation
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No: 2021-002). Patients were not required to provide informed 
consent because this study used anonymous clinical data ob-
tained after each patient had agreed to medical activities by 
written consent. For full disclosure, the details of this study are 
published on the homepage of the Fukushima Medical Univer-
sity. 

RESULTS 

Patient characteristics, EUS-FNA, and EUS-FNB 
Patient characteristics, tumor size, PC location, and PC pro-
gression were not significantly different between patients who 
underwent FNB and those who underwent FNA (Table 1). 
Regarding the outcomes of EUS-FNAB, the puncture route, 
puncture number, and adverse events were not significantly dif-
ferent between the two groups (Table 2). Regarding FNA nee-
dles, Expect was used in 20 patients, EZ Shot 3 Plus was used 
in nine patients, and Echotip was used in four patients. Gastric 

bleeding at the puncture site was observed in one patient who 
underwent FNA. Bleeding was treated with endoscopic hemo-
stasis using clips. The possibility of histological diagnosis was 
also not significantly different between the two groups (FNB 
91.3% [21/23] vs. FNA 72.7% [24/33]; p=0.10). The possibility 
of MSI evaluation was significantly more frequent with FNB 
than with FNA (82.6% [19/23] vs. 45.5% [15/33], respectively; 
p<0.01). An MSI-high tumor was observed in only one patient 
who underwent FNA. 

Comparison between EUS-FNB and FNA using Expect 
Three needles were used in the patients who underwent EUS-
FNA. However, Expect was used in most patients who under-
went EUS-FNA. When patient characteristics and outcomes 
were compared between EUS-FNB and FNA using Expect, the 
results were similar to those of the comparison between EUS-
FNB and FNA in all patients (Table 3). The possibility of histo-
logical diagnosis was not significantly different between FNB 
and FNA using Expect (91.3% [21/23] vs. 70.0% [14/20], re-
spectively; p=0.12). The possibility of MSI evaluation using Ex-
pect was significantly higher in the FNB group than in the FNA 
group (82.6% [19/23] vs. 40.0% [8/20], respectively; p<0.01). 

Factors influencing the possibility of MSI evaluation 
In the univariate analysis, EUS-FNB was a significant factor in-
fluencing the possibility of MSI evaluation. The current guide-
line recommends three to four needle passes with FNA needles 
or two to three needle passes with FNB needles.23 Therefore, 

Table 1. Comparison of UR-PC patient characteristics
Variable FNB (n=23) FNA (n=33) p-value
Age (yr) 67 (45–78) 70 (38–82) 0.08
Sex (male:female) 17:6 23:10 0.77
Size of tumor (mm) 30 (15–58) 30 (15–82) 0.84
PC location (head:body or tail) 8:15 18:15 0.18
PC progression (LA:M) 7:16 8:25 0.76

Values are presented as median (range) unless otherwise indicated.
UR, unresectable; PC, pancreatic cancer; FNB, fine-needle biopsy; FNA, 
fine-needle aspiration; LA, locally advanced; M, metastatic.

Table 2. Comparison of outcomes of EUS-FNAB in the UR-PC patients
Variable FNB (n=23) FNA (n=33) p-value
Puncture route (gastric:duodenal:gastric and duodenal) 15:7:1 20:13:0 0.47
Needle
 Acquire 23 0
 Expect 0 20
 EZ Shot 3 Plus 0 9
 Echotip 0 4
Puncture 2 (2–6) 3 (1–7) 0.27
Possibility of histological diagnosis 21 (91.3) 24 (72.7) 0.10
Possibility of MSI evaluation 19 (82.6) 15 (45.5) <0.01
MSI-high tumor 0 1
Adverse event 0 1 1.0
Bleeding 0 1

Values are presented as median (range) or number (%) unless otherwise indicated.
EUS-FNAB, endoscopic ultrasound-guided fine-needle aspiration and biopsy; UR, unresectable; PC, pancreatic cancer; FNB, fine-needle biopsy; FNA, 
fine-needle aspiration; MSI, microsatellite instability.
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EUS-FNB and greater than three punctures were included in 
the multivariate analysis. As a result, EUS-FNB was the only 
significant factor influencing the possibility of MSI evaluation 
in the multivariate analyses (Table 4). 

DISCUSSION 

We investigated the efficacy of EUS-FNB with a Franseen nee-
dle for MSI evaluation. No significant difference in terms of 
sufficient tissue acquisition for histology was observed between 
patients who underwent EUS-FNB and those who underwent 
EUS-FNA. MSI evaluation can be performed more often with 
samples obtained using EUS-FNB than with those obtained us-
ing EUS-FNA. 

MSI-high PC is rare. In previous reports with large sample 
sizes, MSI-high PC was detected in 0.5%-2% of patients.24-26 

Consistent with previous reports, only one PC patient was di-
agnosed with MSI-high PC in this study. Although MSI-high 
PC is rare, pembrolizumab has shown dramatic results in some 
MSI-high PC patients.27,28 In a report by Obayashi et al.,28 a UR-
PC patient with multiple lung metastases was treated with pem-
brolizumab, complete remission of the multiple lung metastatic 
lesions was confirmed, and the patient underwent surgical 
resection for PC. Therefore, sufficient tissue samples should be 
obtained for MSI evaluation in patients with UR-PC. 

In this study, sufficient tissue acquisition for histology was 
achieved using EUS-FNA. However, in previous reports, more 
tissue was obtained with EUS-FNB than with EUS-FNA.10,11 

In addition, other conditions were necessary, as described in 
the Methods section. Thus, EUS-FNB with a Franseen needle 
is appropriate to meet the conditions necessary for MSI eval-
uation. The difference in tissue sampling between a Franseen 
needle and a lancet-shaped conventional needle is thought to 
be caused by a difference in the cutting surface area; the Fran-
seen needle has three cutting surfaces, whereas a conventional 
needle has only one. Therefore, the cutting area is larger for the 
Franseen needle than for the conventional needle. 

This study has several limitations. First, it was an observa-
tional study with a small number of patients. However, accord-
ing to the results of this study, the possibility of MSI evaluation 
was 82.6% and 45.5% in the FNB and FNA groups, respectively. 
A total of 52 patients were required to achieve an α error of 5% 
and a β value of 0.2. When the main outcome was the possibil-
ity of MSI evaluation, a minimum sample size was maintained. 
Second, the EUS-FNAB needles were not randomly assigned. 
Third, the handling of histological specimens differed across 
institutions. Because an FFPE block was made for each punc-
ture at the Ohtanishinouchi Hospital, the number of tumor 
cells on the glass slide decreased, making it difficult to perform 
MSI evaluation. In the future, a multicenter prospective study 
should be conducted to verify the results of this study. Fourth, 
the volume of the UR-PC specimen was not numerically mea-
sured. Instead, the suitability of MSI evaluation was compared 
between patients who underwent EUS-FNA and those who 
underwent EUS-FNB using a Franseen needle. The histological 
diagnoses and possibility of MSI evaluation were evaluated by 

Table 3. Comparison of EUS-FNB and FNA using Expect needles
Variable FNB (n=23) FNA using Expect (n=20) p-value
Age (yr) 67 (45–78) 69.5 (38–80) 0.24
Sex (male:female) 17:6 7:13 0.74
Size of tumor (mm) 30 (15–58) 32.5 (15–82) 0.65
PC location (head:body or tail) 8:15 11:9 0.23
PC progression (LA:M) 7:16 5:15 0.75
Puncture route (gastric:duodenal:gastric and duodenal) 15:7:1 12:8:0 0.87
Puncture 2 (2–6) 3.5 (1–7) 0.25
Possibility of histological diagnosis 21 (91.3) 14 (70.0) 0.12
Possibility of MSI evaluation 19 (82.6) 8 (40.0) <0.01
MSI-high tumor 0 1
Adverse event 0 1 0.47
Bleeding 0 1

Values are presented as median (range) or number (%) unless otherwise indicated.
EUS-FNB, endoscopic ultrasound-guided fine-needle biopsy; FNA, fine-needle aspiration; PC, pancreatic cancer; LA, locally advanced; M, metastatic; 
MSI, microsatellite instability.

Takagi et al. EUS-FNB for MSI evaluation

111



pathologists with considerable experience. 
In conclusion, obtaining sufficient tissue samples for his-

tological analysis is possible with EUS-FNA, similar to EUS-
FNB. However, EUS-FNB using a Franseen needle is desirable 
for obtaining sufficient tissue samples for MSI evaluation and 
could aid in clinical decision-making regarding the treatment 
of patients with UR-PC. 
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Gastric wall abscess, a localized form of phlegmonous gastritis, is a rare complication of endoscopic resection. We report the first case 
of gastric wall abscess developing after endoscopic submucosal dissection in Korea. A 72-year-old woman visited our clinic to receive 
treatment for gastric adenoma. The patient successfully underwent endoscopic submucosal dissection with no complications. The final 
diagnosis was well-differentiated tubular adenocarcinoma. We performed follow-up endoscopy 10 weeks later and found a large subep-
ithelial lesion on the posterior wall of the gastric antrum. Abdominal computed tomography revealed hypodense wall thickening and a 
5 cm heterogenous multilobular mass in the submucosal layer of the gastric antrum. Submucosal invasion with mucin-producing ade-
nocarcinomas could therefore not be excluded. The patient agreed to undergo additional gastrectomy due to the possibility of a highly 
malignant lesion. The final diagnosis was acute suppurative inflammation with the formation of multiple abscesses in the mural layers 
and omentum. The patient was discharged with no complications. 

Keywords: Early gastric cancer; Endoscopic submucosal resection; Gastric wall abscess; Phlegmonous gastritis  
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INTRODUCTION 

Gastric endoscopic submucosal dissection (ESD) is a standard 
treatment for early gastric cancer (EGC) and gastric adenoma. 
Complications of this procedure include pain, bleeding, and 
perforation. Pain after resection is typically mild. Bleeding is 
the most common complication, and occurs in up to 7% of pa-
tients undergoing ESD. The risk of perforation in these patients 
is approximately 4%.1 Phlegmonous gastritis, especially the for-
mation of a localized abscess, is a rare complication associated 
with ESD.2 To the best of our knowledge, this is the first report 
on localized gastric wall abscess after gastric ESD for EGC in 
Korea. 

CASE REPORT 

A 72-year-old woman visited the Busan Paik Hospital to receive 
treatment for gastric adenoma, which was discovered during 
screening esophagogastroduodenoscopy (EGD) at a local clinic. 
The patient’s medical history was unremarkable aside from a 
10-year history of hypertension. The patient was admitted for 
gastric ESD 2 weeks after initial EGD. The results of all initial 
laboratory tests performed at our hospital were within the nor-
mal range. The lesion was successfully excised using ESD on 
the day after admission (Fig. 1). The procedure was performed 
using a therapeutic endoscope (GIF-Q260J; Olympus Medical 
Systems, Tokyo, Japan). An initial mucosal incision and sub-
mucosal dissection were performed using a 2.0-mm DualKnife 
J (KD655-L; Olympus Medical Systems) after local injection 
of a sodium hyaluronate solution. Hemostasis for procedural 
bleeding was attempted using hemostatic forceps (FD-410LR; 
Olympus Medical Systems) in the soft coagulation mode (ef-
fect 4, 70 W). The dissected lesion was 1.2×0.8 cm in size and 
had nodular ulcerated mucosa. Histopathological examination 
revealed well-differentiated tubular adenocarcinoma confined 
within the muscularis mucosa with no lymphovascular inva-
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sion. The resection margin was carcinoma-free. No free air was 
observed in the post-ESD X-ray. The patient was discharged the 
next day. The patient continued to take a proton pump inhibi-
tor during hospitalization and during outpatient follow-up after 
discharge. She visited the clinic one week later for abdominal 
computed tomography (CT), and Helicobacter pylori eradica-
tion was initiated, during which a post-ESD ulcer lesion with 
no other masses or metastasis was revealed. Ten weeks after 
the procedure, she visited the clinic again for follow-up EGD. 
She exhibited no specific symptoms such as abdominal pain or 
fever. We observed a subepithelial lesion on the posterior wall 
of the gastric antrum, which was approximately 5 cm in diam-
eter in the largest dimension (rolling sign, negative; cushion 
sign, positive) (Fig. 2). We suspected that this lesion might be 
a gastric abscess or submucosal invasion of the cancer. Thus, 
we used CT to ascertain the differential diagnosis. Abdominal 
CT showed hypodense wall thickening and a heterogeneous 
multilobular mass about 5 cm in size in the submucosal layer 
of the gastric antrum (Fig. 3), accompanied by local infiltration 

into the peripheral omentum. Endoscopic ultrasonography was 
not performed since it was thought that there was no further 
information besides the information obtained during CT. A 
possibility of a submucosal cancer was raised in the radiology 
department when previous CT scans were reviewed. We could 
not exclude submucosal tumor extension in mucin-producing 
cancers. Therefore, after obtaining the patient’s agreement, we 
decided to proceed with surgical resection. The preoperative 
blood test rest results were as follows: white blood cell count, 
10,180/μL (percentage of neutrophils, 77.1%); hemoglobin, 13.1 
g/dL; platelet count, 437,000/μL. The liver function test, blood 
urea nitrogen, creatinine, and electrolyte levels were all with-
in normal limits. The C-reactive protein level was not tested. 
The patient underwent laparoscopic distal gastrectomy. Acute 
suppurative inflammation with multiple abscess formation in 
the mural layers and omentum was diagnosed based on patho-
logical findings of the specimen (Fig. 4). She was discharged 7 
days postoperatively with no complications and was regularly 
followed up in our outpatient clinic for 6 months, during which 

Fig. 1. Endoscopic submucosal dissection to remove the lesion. (A) An ulcerated lesion on the anterior wall side of the proximal antrum. (B) 
The lesion was marked using an endoscopic knife. (C) Dissection of the submucosal layer was performed. (D) A resected specimen.
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Fig. 2. (A, B) A 5-cm sized subepithelial lesion was observed on the posterior wall of the gastric antrum during the follow-up endoscopy.

Fig. 3. (A, B) Computed tomography was performed after the subepithelial lesion was discovered. Hypodense wall thickening and a 5-cm 
sized heterogenous multilobular submucosal mass was observed in the gastric antrum. Local infiltration into the peripheral omentum was 
also observed.

Fig. 4. Postoperative histological findings. (A, B) Acute suppurative gastritis with multifocal abscess formation and the infiltration of inflam-
matory cells in all layers of the stomach was seen (hematoxylin and eosin stain, ×15 and ×200).
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she showed no signs or symptoms of gastric abscess or EGC re-
currence. 

DISCUSSION 

Phlegmonous gastritis is a rare form of acute gastritis usually 
caused by bacterial infection, and its mortality rate is approxi-
mately 50%. The risk factors for phlegmonous gastritis include 
immunodeficiency, gastric carcinoma, prior therapeutic endo-
scopic procedure, oncologic disease, malnutrition, and chronic 
glucocorticoid use. However, healthy individuals make up ap-
proximately 50% of phlegmonous gastritis cases. Phlegmonous 
gastritis can be classified as one of two types depending on the 
extent of the disease: diffuse and localized.2,3 Gastric wall ab-
scess is a localized form of phlegmonous gastritis. 

Phlegmonous gastritis following ESD is a rare complication, 
and the simultaneous occurrence of localized phlegmonous 
gastritis and gastric wall abscess is extremely rare.4,5 To the best 
of our knowledge, only three cases of phlegmonous gastritis 
after ESD6-8 and one case of phlegmonous gastritis after endo-
scopic mucosal resection9 have been reported in the literature. 
Furthermore, three cases of perigastric abscesses after ESD have 
been reported worldwide.10-12 Perigastric abscesses are thought 
to be caused by the passage of bacteria through the gastric 
wall, so it is usually assumed that perforation has occurred or 
that an unidentified microperforation has formed.10 Although 

the pathophysiological mechanism differs from that of gastric 
abscess, we reviewed them together since both are infectious 
complications that may occur after endoscopic resection and 
the treatment is similar (Table 1).6-12 

Immunocompromised patients tend to be susceptible to 
phlegmonous gastritis after endoscopic procedures. Therefore, 
prophylactic antibiotics are recommended for immunosup-
pressed patients in some cases.6,8 However, our patient had no 
specific medical history besides hypertension. This is consistent 
with the literature, as two of the four reported cases (50%) had 
no relevant medical history. Therefore, it is important to con-
sider that phlegmonous gastritis may even develop in patients 
with healthy immune system.  

Diffuse phlegmonous gastritis progresses rapidly and causes 
symptoms within 24 hours. On the other hand, gastric wall ab-
scess and perigastric abscess take longer to develop (between 5 
days and 10 weeks). It takes time to form an abscess and exhibit 
symptoms. Phlegmonous gastritis due to complications other 
than ESD followed a similar pattern. Diffuse phlegmonous gas-
tritis progresses faster than the localized type and has more se-
vere symptoms with a poorer prognosis. The diffuse type is also 
associated with a higher mortality rate (54%) than the localized 
type (10%).2 

The typical symptoms of phlegmonous gastritis are abdomi-
nal pain, fever, chills, nausea, vomiting, and hematemesis.2 Epi-
gastric pain and fever have also been reported in cases phleg-

Table 1. Reported cases of phlegmonous gastritis or perigastric abscess after endoscopic resection in the literature

Study Year Type Age 
(yr)/sex 

Underlying  
medical condition Perforation Occurrence Symptom Treatment method Result

Present case 2018 Gastric wall 
abscess

72/F HTN No 10 weeks after 
ESD

None Subtotal gastrectomy Cure

Dohi et al.7 2014 Gastric wall 
abscess

63/F None Delayed 5 days after 
ESD

Abdominal 
pain

Endoscopic drainage Cure

Ajibe et al.6 2008 Phlegmonous 
gastritis

74/M DM, CKD, on HD No 5 hours after 
ESD

Epigastric pain, 
fever

Total gastrectomy Cure

Matsuura et al.8 2018 Phlegmonous 
gastritis

76/F DM, MDS No 1 day after 
ESD

Fever Only antibiotics Cure

Lee et al.9 2005 Phlegmonous 
gastritis

68/F None No 8 hours after 
EMR

Epigastric pain, 
fever

Only antibiotics Cure

Jung et al.10 2016 Perigastric 
abscess

63/F HTN Micro- 
perforation

3 weeks after 
ESD

Substernal 
pain, myalgia

Only antibiotics Cure

Miyaguchi et al.12 2021 Perigastric 
abscess

70/M DM No 28 days after 
ESD

Abdominal 
pain, fever

Laparoscopic removal Cure

Asayama et al.11 2021 Perigastric 
abscess

72/M HTN No 21 days after 
ESD

Epigastric pain Endoscopic drainage Cure

F, female; HTN, hypertension; ESD, endoscopic submucosal dissection; M, male; DM, diabetes mellitus; CKD, chronic kidney disease; HD, hemo dialysis; 
MDS, myelodysplastic syndrome; EMR, endoscopic mucosal resection. 
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monous gastritis after ESD. However, in our case, the patient 
had no symptoms, and the subepithelial lesion was only discov-
ered as part of the routine follow-up after EGD. Regarding the 
management of phlegmonous gastritis, lower mortality rates are 
reported when surgery is performed.2 

Among the cases we investigated, only two cases were ad-
ministered antibiotics as treatment, surgical treatment was per-
formed in three cases, and endoscopic drainage was performed 
in two cases. In our case, surgery was performed due to the 
possibility of cancer invasion. 

Another characteristic feature of this case is the difference in 
CT findings of gastric wall abscess compared to that of other 
cases. In other cases, the abscess pattern was unilobular, and 
air-fluid levels were observed in the abscess lumen.13 In our 
case, the lesion was heterogenic, multilobular, and no gas was 
observed in the abscess lumen. The difference in CT findings 
may have been caused by the degree of abscess maturation. Dif-
ferences in CT patterns based on abscess maturation should be 
considered when treating future gastric wall abscess cases. 

In conclusion, the current report presents the first case of gas-
tric wall abscess after ESD in Korea. As gastric wall abscess can 
also develop in immunocompetent patients with no symptoms, 
caution should be taken after ESD. 
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Inflammatory pseudotumor (IPT) is a rare benign tumor of unknown etiology that can occur in almost any organ system. It has neo-
plastic features such as local recurrence, invasive growth, and vascular invasion, leading to the possibility of malignant sarcomatous 
changes. The clinical presentations of colonic IPT may include abdominal pain, anemia, a palpable mass, and intestinal obstruction. A 
few cases of colonic IPT have been reported, but colonic IPT with pedunculated morphology is very rare. Furthermore, since it can 
mimic malignant polyps, understanding the endoscopic findings of colonic IPT is important for proper treatment. Herein, we present 
a case of colonic IPT with pseudosarcomatous changes, presenting as a large polyp, mimicking a malignant polyp in the cecum, along 
with a literature review. 
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INTRODUCTION 

Inflammatory pseudotumor (IPT) is a rare benign tumor that 
has been synonymously referred to as a plasma cell granulo-
ma or inflammatory myofibroblastic tumor.1 IPTs occur most 
commonly in the lung and the orbit of the eye. However, they 
have been reported to occur in almost every organ system.2 The 
exact etiology remains obscure. IPT has been associated with 
infections, such as the Epstein-Barr virus and human herpes vi-

rus, and is related to reactive cytokine production and previous 
abdominal surgery or trauma.3,4 Clinical presentation depends 
upon the affected organ. A palpable mass, fever, weight loss, 
malaise, pain, and site-specific symptoms are the most com-
mon presenting complaints or manifestations.5 Colonic IPT is 
a rare condition and can be mistaken for colon cancer.6 Among 
colonic IPTs, colonic IPT with a pedunculated morphology is 
even rarer. 

Here, we report an uncommon case of colonic IPT presenting 
as a large pedunculated polyp, mimicking a malignant polyp in 
the cecum. We also reviewed the endoscopic findings of report-
ed cases in the literature. 

CASE REPORT 

A 32-year-old female patient with no underlying disease was 
admitted to a local clinic complaining of right lower quadrant 
pain that persisted for 2 weeks. Abdominal computed tomog-
raphy (CT) performed at a local hospital revealed a soft-tissue 
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mass, measuring approximately 4 cm, and increased colonic 
wall thickness in the ascending colon and cecum (Fig. 1). As 
her symptoms did not improve following antibiotics for infec-
tious colitis, she was referred to the outpatient gastroenterology 
clinic in our hospital for further evaluation. She had an acutely 
ill-looking appearance. Physical examination revealed tender-
ness in the right lower quadrant. Laboratory analysis revealed 
that hemoglobin, total leukocyte count, platelet count, and seg-
mental neutrophils were 13 g/dL (reference range, 11.5-15.5 g/
dL), 9.28×103/dL (reference range, 4.0–11.0×103/dL), 502×103/

dL (reference range, 140–400×103/dL), and 67.9% (reference 
range, 40%–75%), respectively. Other chemical tests and tumor 
markers were within normal limits, except for a slight elevation 
of C-reactive protein (0.85 mg/dL). The patient underwent 
colonoscopy for evaluation of the colonic mass. Colonoscopy 
revealed an approximately 4–5 cm polypoid mass with a short 
stalk, thickly coated exudates, mucosal desquamation, and deep 
ulcers in the ascending colon and cecum (Fig. 2). A malignant 
polyp originating from an adenocarcinoma was suspected ini-
tially. Other malignant tumors, such as lymphoma and gastro-

Fig. 1. Abdominal computed tomography images. (A) A well-enhancing soft-tissue mass (blue arrow), measuring approximately 4 cm, at the 
ascending colon. (B) Increased colonic wall thickness (red arrow) of the ascending colon and cecum.

Fig. 2. Colonoscopic findings. (A, B) An approximately 4–5 cm polypoid mass with a short stalk, thickly coated exudates, mucosal desquama-
tion, and deep ulcers originating in the cecum.
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intestinal stromal tumor, were included as differential diagnoses 
because of the atypical endoscopic findings. Multiple biopsies of 
the desquamated surface and ulcers of the mass were obtained. 
The biopsy results showed marked pleomorphic and spindle 
cell proliferation with severe neutrophil infiltration. A pseudo-
sarcomatous stroma of the IPT was suspected. A laparoscopic 
right hemicolectomy was performed because the abdominal 
pain became more frequent and more severe while the patient 
was waiting for an outpatient review. The biopsy alone could 
not completely exclude malignancy. Grossly, the resected speci-
men revealed a 4.5×3.8×2.2 cm polypoid mass with a short stalk 
originating in the cecum (Fig. 3A). Microscopic examination 
revealed marked pleomorphic cell proliferation limited only 
to the mucosa and submucosa, with ulceration evident at low 
magnification (Fig. 3B) and marked pleomorphic and spindle 
cell proliferation with severe neutrophil infiltration at higher 

magnification (Fig. 3C). Based on the histological features, the 
mass was diagnosed as an IPT with pseudosarcomatous chang-
es. There was no infiltration of the local lymph nodes. 

The patient’s postoperative course was uneventful, and she 
was discharged on the fifth postoperative day. She did not have 
any complications during the 8-month follow-up period. 

DISCUSSION 

IPT is a rare benign lesion. Histologically, it is characterized 
by dominant spindle cell proliferation with acute and chron-
ic inflammatory cells.7 IPT may occur at any age with no sex 
predilection.8 Although IPT is a benign lesion, it presents with 
neoplastic features such as local recurrence, infiltrative growth, 
and vascular invasion, and therefore, there is a possibility of 
malignant sarcomatous changes.9 

Fig. 3. Gross and pathologic findings. (A) A well-defined pedun-
culated mass at the cecum. (B) Ulceration (red arrow) with marked 
pleomorphic cell proliferation limited to the mucosa and submucosa 
(hematoxylin and eosin stain, ×6). (C) Marked pleomorphic cell (red 
arrows) and spindle cell proliferation (yellow arrows) with severe 
neutrophil infiltration (blue dotted arrows) (hematoxylin and eosin  
stain, ×200).
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Colonic IPT is rare. In the study by Höhne et al.,6 only 17 cas-
es (1.7%) of colonic IPTs were identified among a total of 956 
IPT cases. Although its clinical symptoms are diverse depend-
ing on the location of the lesion, abdominal pain, a palpable 
mass, and occasionally intestinal obstruction are the most com-
mon signs and symptoms.2,5 Recently, Karaisli et al.10 assessed 
60 patients with colonic IPTs and presented a comprehensive 
review of the literature. In the literature review, a male predom-
inance (24 males and 15 females) was reported. Age-specific 
analysis revealed the highest incidence rates in patients aged 
0–18 years and 30–50 years. Preoperative or intraoperative bi-
opsy was performed in only 13 (21.7%) patients. The ascending 
colon (25%) was the most common location. The mean tumor 
diameter was found to be 6.21±3.31 cm. Regarding manage-
ment, 59 (98.3%) out of 60 patients underwent surgical resec-
tions, and one patient with unresectable IPT was managed with 
high doses of nonsteroidal anti-inflammatory drugs (NSAIDs). 
Seven (14.3%) out of 49 patients for whom follow-up data were 
available, the disease recurred locally. However, no distant me-
tastasis was observed. 

In our case, a 32-year-old female patient presented with in-
termittent abdominal pain in the right lower quadrant with 
intussusception. The preoperative colonoscopy and abdominal 
CT findings suggested a malignant polyp. The cause of IPT 
was obscured in our case. However, considering the abundant 
neutrophil and pleomorphic cell infiltration, an acute inflam-
mation caused by bacterial or viral infection was suspected. 
The patient underwent surgical resection. The mass resected 
from the cecum was a polypoid lesion (4.5×3.8×2.2 cm) with 
a pedunculated morphology. Colonic IPTs are often misdiag-
nosed as colonic carcinoma on abdominal CT, especially in 
older adults.10 A correct preoperative diagnosis of this disease is 
difficult because the radiologic findings are variable and non-
specific.11 Therefore, preoperative colonoscopic biopsy is highly 
recommended for an accurate diagnosis. However, this may be 
difficult in many patients because of severe abdominal pain and 
bowel obstruction. Another reason for the need for preopera-
tive colonoscopy is that endoscopic resection is possible in cases 
of small colonic IPT of pedunculated morphology. However, 
the data on endoscopic resection and endoscopic findings of 
colonic IPTs remain unclear. 

Endoscopic differential diagnosis of colonic IPT includes co-
lon cancer originating from adenocarcinomas and submucosal 
tumors, such as lymphoma and gastrointestinal stromal tumors. 
Our patient had two distinct endoscopic findings that are dif-

ferent from those in previous reports. First, the surface of the 
mass was covered with normal mucosa, except for the ulcerated 
lesion. This finding differs from that of adenomas or adeno-
carcinomas. Second, colonic IPT with a pedunculated polyp is 
rare. In the literature review, only two cases had a pedunculated 
morphology. In our patient, the mucosal desquamation of the 
mass suggested a submucosal tumor, but the stalk of the mass 
suggested a malignant polyp originating from an adenocar-
cinoma. Table 1 shows the endoscopic findings of 11 cases of 
colon IPTs reported in the PubMed database between 2000 and 
2020.8,10-17 Most of the lesions were large (2–3 cm) and polypoid 
in morphology. Two cases (No. 4 and 5) had a polypoid mass 
with a stalk, and two cases (No. 2 and 8) were accompanied 
by luminal stenosis due to infiltrative changes. Although there 
are differences in endoscopic findings depending on the time 
of diagnosis, most colonic IPTs have the characteristics of sub-
mucosal tumors and are accompanied by mucosal desquama-
tion, ulceration, and depression over time. Therefore, colonic 
IPT should be considered when a patient presents with a large 
polypoid mass that resembles a submucosal tumor with sur-
face changes, such as mucosal desquamation, ulceration, and 
depression. However, these endoscopic findings have also been 
observed in other malignant tumors. Hence, a colonoscopic bi-
opsy is necessary for an accurate definitive diagnosis. 

Surgical resection is the most important treatment option. 
NSAIDs, chemotherapy, radiation treatment, steroids, and 
cyclosporin A have been used as treatment modalities, but the 
benefits are still unclear.3,7 Treatment modalities other than sur-
gery may be attempted if it is impossible to resect the IPT and if 
the patient has comorbidities that contraindicate surgery. It has 
been reported that regression of non-resectable intra-abdomi-
nal IPTs with NSAIDs may be possible.18 Response to steroids 
is often unpredictable.2 Colonic IPT may recur after surgical 
resection. According to Karaisli et al.,10 colon IPT recurrence 
was confirmed in 14.3% of patients who were followed up after 
surgery. Local recurrence was detected from 2 months to 74 
months after surgery, but 83.3% of recurrences were confirmed 
within 18 months after surgery. Therefore, close and regular 
follow-up according to surveillance guidelines for postoperative 
colorectal cancer is required for these patients. 

We reported an uncommon case of colonic IPT with pseudo-
sarcomatous changes presenting as a large pedunculated polyp, 
mimicking a malignant polyp in the cecum, and reviewed the 
endoscopic findings of the cases reported in the literature. 
Correlations between endoscopic findings and colonoscopic 
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biopsy are important for proper treatment because it is difficult 
to radiologically differentiate colonic IPT from other malignant 
tumors, and endoscopic resection is possible in cases of small 
tumors or those with pedunculated morphology. 
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Table 1. Characteristics summary and endoscopic findings of colon IPT patients reported in the PubMed database from 2000 to 2020
Case  
no. Study Sex/age  

(yr) Location Diameter  
(cm) Endoscopic finding Treatment

1 Rosenbaum et al. (2000)12 M/73 Sigmoid 3.5 Polypoid mass with nodular surfaces Low anterior resection
2 Nakamura et al. (2010)13 F/82 NA NA Multiple, small polyps with luminal  

stenosis
Observation and follow-up

3 Tanaka et al. (2010)14 M/79 Ascending 2 Sessile mass with central depression Rt. hemicolectomy
4 Tanaka et al. (2010)14 M/79 Ascending 2 Polypoid mass with a short stalk Rt. hemicolectomy
5 Jeong et al. (2011)11 F/30 Splenic flexure 5 Polypoid mass with ulcers and a stalk Lt. hemicolectomy
6 Salameh et al. (2011)15 M/2.6 Sigmoid NA Polypoid mass covered with exudates Lt. hemicolectomy
7 Kim et al. (2012)8 M/35 Descending 3.9 Polypoid mass with shallow ulcers Low anterior resection
8 Satahoo et al. (2013)16 M/14 Rectum 6 Ulceroinfiltrative mass with luminal  

stenosis
Low anterior resection

9 Walia et al. (2014)17 F/10 Ascending 5 Polypoid mass with shallow ulcers Mid ascending colon segmental 
resection

10 Karaisli et al. (2020)10 M/42 Cecum 9 Polypoid mass with nodular surfaces Rt. hemicolectomy
11 Karaisli et al. (2020)10 M/40 Descending 6.5 Polypoid mass Lt. hemicolectomy

IPT, inflammatory pseudotumor; M, male; F, female; NA, not available; Rt., right; Lt., left.
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Ménétrier disease (MD) is a rare, acquired gastric hyperprolifer-
ative disorder characterized by enlarged gastric folds, hypoalbu-
minemia, and reduced acid production.1 Histological hallmarks 
include a massive expansion of surface mucous cells (foveolar 
hyperplasia) and glandular atrophy.2 Adults and children have 
different etiologies, clinical manifestations, and outcomes. It is a 
chronic condition in adulthood with a risk of neoplastic trans-
formation of up to 9% after 10 years of diagnosis.3 During child-
hood, it is considered an acute, self-limiting condition, with an 
average disease duration of 2 weeks.4 Pathogenesis is still unclear, 
which might limit the management of patients suffering from 
this condition. 

This article reports the first case in the literature of chronic 
pediatric MD leading to gastric cancer. A previously healthy 
10-year-old girl presented with vomiting, sporadic melena, and 
weight loss (10% of body weight) over one month. A physical 
examination revealed pallor and mild edema. Laboratory stud-
ies demonstrated anemia (hemoglobin [Hb], 5.0 g/dL), hypo-
albuminemia (3.4 mg/dL), and an elevated serum gastrin level 
(350 pg/mL). Esophagogastroduodenoscopy (EGD) revealed 
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decreased gastric distensibility and hypertrophic gastric folds 
in the corpus and fundus with thick mucus, sparing the antrum 
(Figs. 1A, B). Gastric biopsies were inconclusive; therefore, 
repeat EGD with deep snare biopsy was performed. The histo-
pathological assessment revealed massive foveolar hyperplasia, 
tortuous gland ducts with cystic dilatation, and atrophy of chief 
and parietal cells, confirming MD (Fig. 1C). Immunohisto-
chemistry testing for cytomegalovirus (CMV) and histopatho-
logical and urease tests for Helicobacter pylori demonstrated 
negative results. 

The patient was managed with supportive treatment, oral 
iron supplementation, and a high-protein diet. She presented 
with slow progressive improvement after 4 months with weight 
gain and resolution of vomiting, and normalization of Hb and 
serum albumin levels. However, the endoscopic findings were 
not resolved.  

She maintained close clinical, laboratory, and endoscopic 
follow-up. After 8 years, biochemical studies revealed hypo-
albuminemia (3.0 mg/dL) and mild anemia (Hb 11.8 g/dL). 
EGD demonstrated a protruding lesion (Paris Classification 
type 0–Is) located at the greater curvature of the corpus with 
friability, loss of glandular pattern, and altered vascular pattern 
(Figs. 2A, B). Biopsies confirmed the presence of moderately 
differentiated tubular adenocarcinomas (Fig. 2C). A computed 
tomography scan showed a large mass protruding from the 
greater curvature measuring 7.2×5.5×5.0 cm and diffuse pari-
etal thickening of the gastric background mucosa with no signs 
of metastatic disease (Fig. 3). 

The patient underwent laparoscopic total gastrectomy with 
D2 lymphadenectomy (Fig. 4A). Histopathological analysis 
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confirmed an intramucosal adenocarcinoma (T1a) with free 
margins and no lymphovascular invasion (Fig. 4B). The post-
operative course was successful without any complications, and 
the patient was discharged on the 14th postoperative day with 
well-tolerated oral feeding. Adjuvant therapy was not required, 
and there was no recurrence of the disease after eight years of 
follow-up. 

MD is considered a self-limiting disease in children. There 
are approximately 150 reported cases of pediatric MD, and the 
only prolonged case was described by Faure et al.,5 in which a 
7-year-old girl with MD maintained endoscopic gastric alter-
ations at her 26-month follow-up. However, this patient was 
asymptomatic with a progressive histological improvement of 
the gastric lesions. To our knowledge, this is the first case in the 
literature of chronic MD in a child with gastric cancer. 

The present case modifies the clinical rationale for treatment 
of a case of MD in a young patient. As opposed to previous 

Fig. 1. Ménétrier disease. (A) Endoscopic findings in forward view. (B) Endoscopic findings in retroflexed view. (C) Histopathological fea-
tures (hematoxylin and eosin stain, ×10).

Fig. 2. Gastric cancer in a Ménétrier disease background. (A) Endoscopic findings in forward view. (B) Endoscopic findings in retroflexed 
view. (C) The endoscopic biopsy specimen showing gastric adenocarcinoma (hematoxylin and eosin stain, ×250).

Fig. 3. Computed tomography of the patient showing gastric cancer 
in Ménétrier disease.
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findings,3,4 we believe that endoscopic follow-up is indicated 
until normalization of the gastric alterations since the disease 
may become chronic. If the disease does not resolve, the patient 
should undergo close gastric cancer screening. Depending on 
the clinical symptoms and laboratory studies, total gastrectomy 
might be considered, similar to the management of adult MD. 

Interestingly, the reported case did not present any known 
triggers associated with MD. CMV is the most commonly de-
scribed agent in children, with a prevalence of approximately 
60% among patients with pediatric MD.4 Furthermore, CMV 
infection has also been reported in adults.6,7 H. pylori is another 
frequently associated agent.8 However, as both CMV and H. py-
lori can often be detected in asymptomatic patients, it is difficult 
to confirm the cause-and-effect relationship. Immune-mediated 
disorders, such as ulcerative colitis and sclerosing cholangitis, 
have also been reported in patients with MD, suggesting an im-
mune component in its pathogenesis.1 Genetic predisposition 
probably plays a role in the development of the disease.9,10 

The etiology and pathogenesis of MD have not yet been fully 
elucidated. Current knowledge suggests that triggers induce lo-
cal overproduction of transforming growth factor-alpha in the 
stomach, leading to increased tyrosine kinase epidermal growth 
factor receptor signaling.1 It results in a shift in the gastric 
progenitor cell differentiation, leading to a marked increase in 
mucosal surface cells and consequent reduction in parietal and 
chief cells.3 Gastrin levels remain normal to moderately elevat-
ed despite the hypochlorhydria.2 Increased mucin synthesis and 
the widening of tight junctions result in gastric protein loss. 

Children usually present with an abrupt onset of nausea, 

Fig. 4. (A) Gross pathological appearance with gastric adenocarcinoma (arrows). (B) The specimen showing gastric adenocarcinoma (he-
matoxylin and eosin stain, ×5).

vomiting, abdominal pain, anorexia, weight loss, diarrhea, and 
edema,8 whereas adults usually present with insidious onset. 
Diagnosis is suggested by EGD findings, such as giant rugal 
folds in the corpus and fundus, with relative sparing of the an-
trum, occasionally with erosions, decreased distensibility, and a 
large amount of thick mucus. Routine biopsies may not confirm 
the disease because superficial samples assess only the foveo-
lar compartment. Therefore, total mucosal samples with deep 
snare biopsies are necessary to evaluate mucosal architecture 
and pit-to-gland ratio.6  

In conclusion, this case report raises concerns regarding the 
management of MD in children and may change the clinical 
rationale for pediatric patients with such a disease. We suggest 
endoscopic surveillance until normalization of gastric changes, 
even if clinical and laboratory remission is achieved. Addition-
ally, gastrectomy should be considered in severe chronic cases, 
similar to that in the adult population. Written informed con-
sent was obtained from all patients. 

Conflicts of Interest 

The authors have no potential conflicts of interest. 

Author Contributions 

Conceptualization: BSH, SRC, ERB, RSPR; Data curation: BSH; 
Formal analysis: BSH, SRC, ERB, RSPR; Investigation: BSH, SRC, 
ERB, RSPR; Supervision: MEPG, EGHM; Writing-original draft: 
BSH, ERB; Writing-review & editing: SRC, DTHM, MEPG, RSPR, 
EGHM. 

AA BB

Hirsch et al. Ménétrier disease and gastric cancer in youth

127



ORCID 

Bruno Salomão Hirsch https://orcid.org/0000-0002-0777-0150 

Silvia R. Cardoso https://orcid.org/0000-0001-8760-0727 

Elisa R. Baba https://orcid.org/0000-0001-7261-9054 

Diogo T. H. de Moura https://orcid.org/0000-0002-7446-0355 

Manoel Ernesto P. Gonçalves https://orcid.org/0000-0002-1154-405X 

Rodrigo S. de P. Rocha https://orcid.org/0000-0002-0326-4998 

Eduardo G. H. de Moura https://orcid.org/0000-0002-8023-3722 

REFERENCES 

1.  Huh WJ, Coffey RJ, Washington MK. Ménétrier’s disease: its mim-
ickers and pathogenesis. J Pathol Transl Med 2016;50:10–16. 

2.  Coffey RJ, Washington MK, Corless CL, et al. Ménétrier disease and 
gastrointestinal stromal tumors: hyperproliferative disorders of the 
stomach. J Clin Invest 2007;117:70–80. 

3.  Almazar AE, Penfield JD, Saito YA, et al. Survival times of patients 
with Ménétrier’s disease and risk of gastric cancer. Clin Gastroenter-
ol Hepatol 2021;19:707–712. 

4.  Barbati F, Marrani E, Indolfi G, et al. Ménétrier disease and cyto-

megalovirus infection in paediatric age: report of three cases and a 
review of the literature. Eur J Pediatr 2021;180:679–688. 

5.  Faure C, Besnard M, Hirsch A, et al. Chronic hypertrophic gastropa-
thy in a child resembling adult Ménétrier’s disease. J Pediatr Gastro-
enterol Nutr 1996;23:419–421. 

6.  Rich A, Toro TZ, Tanksley J, et al. Distinguishing Ménétrier’s disease 
from its mimics. Gut 2010;59:1617–1624. 

7.  Xiao SY, Hart J. Marked gastric foveolar hyperplasia associated with 
active cytomegalovirus infection. Am J Gastroenterol 2001;96:223–
226. 

8.  Krikilion J, Levy EI, Vandenplas Y. Diagnosis and management of 
Ménétrier disease in children: a case series review. Pediatr Gastroen-
terol Hepatol Nutr 2021;24:109–117. 

9.  Tard C, Madhi F, Verlhac S, et al. Protein-losing gastropathy associ-
ated with cytomegalovirus in two sisters: case reports and review of 
the literature. Arch Pediatr 2019;26:232–235. 

10. Burmester JK, Bell LN, Cross D, et al. A SMAD4 mutation indicative 
of juvenile polyposis syndrome in a family previously diagnosed 
with Ménétrier’s disease. Dig Liver Dis 2016;48:1255–1259. 

128

https://doi.org/10.4132/jptm.2015.09.15
https://doi.org/10.4132/jptm.2015.09.15
https://doi.org/10.1172/jci30491
https://doi.org/10.1172/jci30491
https://doi.org/10.1172/jci30491
https://doi.org/10.1016/j.cgh.2020.03.017
https://doi.org/10.1016/j.cgh.2020.03.017
https://doi.org/10.1016/j.cgh.2020.03.017
https://doi.org/10.1007/s00431-020-03782-6
https://doi.org/10.1007/s00431-020-03782-6
https://doi.org/10.1007/s00431-020-03782-6
https://doi.org/10.1097/00005176-199611000-00010
https://doi.org/10.1097/00005176-199611000-00010
https://doi.org/10.1097/00005176-199611000-00010
http://dx.doi.org/10.1136/gut.2010.220061
http://dx.doi.org/10.1136/gut.2010.220061
https://doi.org/10.1111/j.1572-0241.2001.03480.x
https://doi.org/10.1111/j.1572-0241.2001.03480.x
https://doi.org/10.1111/j.1572-0241.2001.03480.x
https://doi.org/10.5223/pghn.2021.24.1.109
https://doi.org/10.5223/pghn.2021.24.1.109
https://doi.org/10.5223/pghn.2021.24.1.109
https://doi.org/10.1016/j.arcped.2019.03.005
https://doi.org/10.1016/j.arcped.2019.03.005
https://doi.org/10.1016/j.arcped.2019.03.005
https://doi.org/10.1016/j.dld.2016.06.010
https://doi.org/10.1016/j.dld.2016.06.010
https://doi.org/10.1016/j.dld.2016.06.010


Trans-cavity lumen-apposing metal stent removal:  
an alternative safe modality 
Giacomo Emanuele Maria Rizzo1,2, Ilaria Tarantino1  

1Endoscopy Unit, Department of Diagnostic and Therapeutic Services, IRCCS-ISMETT, Palermo; 2Department of Surgical, Oncological and Oral Sciences (Di.
Chir.On.S.), University of Palermo, Palermo, Italy

BRIEF REPORT
Clin Endosc 2023;56:129-131
https://doi.org/10.5946/ce.2022.105
pISSN: 2234-2400 • eISSN: 2234-2443

Received: March 18, 2022  Revised: April 28, 2022  
Accepted: April 29, 2022
Correspondence: Ilaria Tarantino 
Endoscopy Unit, Department of Diagnostic and Therapeutic Services, 
IRCCS-ISMETT, Via Tricomi 5, Palermo, 90127, Italy 
E-mail: itarantino@ismett.edu

Open Access

Endoscopic ultrasound (EUS)-guided transluminal drainage 
through deployment of a lumen-apposing metal stent (LAMS) is 
a safe and effective technique for pancreatic fluid collections,1,2 
even without fluoroscopy.3 The LAMS placement has changed 
the approach to various diseases, simplifying drainage and ne-
crosectomy techniques to a point that difficult necrosectomies 
consider the removal and replacement of the same LAMS.4 
The removal of LAMS is usually technically safe, and the use 
of different devices (snare and forceps) can be easily achieved 
through the gastrointestinal tract. Herein, we present the case of 
a 67-year-old man with severe acute pancreatitis who developed 
a huge walled-off pancreatic necrosis (WOPN), which became 
symptomatic (nausea, vomiting, and gastric outlet obstruction) 
and infected. Computed tomography scan revealed an 18-cm 
WOPN (Fig. 1). Therefore, the patient was referred to our in-
stitute for EUS-guided drainage. WOPN drainage was achieved 
with deployment of a LAMS 20×10 mm, with the generation of 
a gastrocystostomy utilizing the “free-hand” technique with a 
Hot Axios device (Boston Scientific, Marlborough, MA, USA), 
followed by endoscopic necrosectomy with partial cleansing of 
the cavity (Fig. 2). At that point, the patient was critically ill and 
developed multiorgan failure and septic shock; therefore, he 

was admitted to the intensive care unit. A computed tomogra-
phy scan revealed unmodified WOPN. The patient was treated 
using the multiple transluminal gateway technique, deploying 
a second LAMS in the duodenum (10×15 mm). Other necro-
sectomies were performed until complete cleansing of the cav-
ity was achieved and the patient recovered clinically. We then 
proceeded to remove the distal (duodenal) LAMS three weeks 
after its placement, but the classical LAMS removal through 
the duodenum seemed uncomfortable and unsafe. Therefore, 
it was directly removed from the collection cavity through the 
proximal (gastric) LAMS, which was also removed after five 
weeks of indwelling (Supplementary Video 1). Specifically, we 
decided to remove the distal LAMS with an alternative way for 
duodenal wall- and technique-related reasons. On one hand, 
we included the duodenal LAMS location (posterior wall of the 
duodenal bulb, on the corner between the first and second du-
odenum), which did not permit a proper grab of the flange, and 

Fig. 1. Abdominal computed tomography scan showing the huge 
walled-off pancreatic necrosis (arrow).
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the severe inflammation of the duodenal mucosa and thinness 
of the wall contributed to considering the duodenal wall to be 
too fragile to perform an extreme torsion of the scope with the 
devices over it. On the other hand, we had a large space and 
lack of vessels in the cavity, and a larger diameter of the gastric 
LAMS (20 mm) compared to the duodenal LAMS (15 mm). In 
the end, the association of the above-mentioned reasons led us 
to consider trans-duodenal removal to be dangerous, while the 
trans-LAMS removal was considered safe. In the final analysis, 
the patient fully recovered without complains of technique-re-
lated adverse events. He was discharged after two weeks. In 
conclusion, WOPN treatment with a multi-gate approach is an 
effective and safe endoscopic technique when the WOPN is >12 
cm.5 In cases of risky trans-duodenal removal, the duodenal 
LAMS inner removal through the gastric LAMS is a feasible 
and safe alternative option in patients treated with a multi-gate 
approach. 

Supplementary Material 

Supplementary Video 1. A lumen-apposing metal stent remov-
al in a patient with walled-off pancreatic necrosis was treated 
with a multiple transluminal gateway technique (https://doi.
org/10.5946/ce.2022.105.v001).

Supplementary materials related to this article can be found on-
line at https://doi.org/10.5946/ce.2022.105.
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Quiz 

A 72-year-old man was admitted for an abnormal gallbladder 
lesion on follow-up abdominal computed tomography (CT). 
He had a surgical history of hemicolectomy for sigmoid colon 
cancer two years ago. A physical examination of the abdomen 
showed a flat and non-tender abdomen. Blood chemistry and 
tumor marker tests, including CA19-9 results, were all within 
normal ranges. 

Abdominal CT during the follow-up period after surgery 
showed minimal ovoid-shaped gallbladder wall thickening in 
the fundus lesion, suggesting fundal adenomyomatosis (Fig. 
1A). Therefore, a follow-up CT was performed six months later 
for gallbladder lesions, which revealed an increased cystic mass 
lesion on the fundus of the gallbladder (Fig. 1B). Endoscopic 
ultrasonography (EUS) later revealed an approximately 2×1 cm 
elliptical wall thickening on the fundus (Fig. 2). The mucosal 
and serosal layers were well-preserved, and multiple internal 
hyperechogenic spots and hypoechoic lesions were mixed with-
in a round, mass-like lesion. Moreover, no bile duct dilatation 
or lymph node enlargement was observed around the bile duct. 
What is the most likely diagnosis? 

Answer 

The patient underwent laparoscopic cholecystectomy because 

Fig. 1. Abdomen computed tomography (CT) findings. (A) En-
hanced CT showed focal enhancement and wall thickening on the
fundus (yellow arrow) of the gallbladder without disruption of the 
wall layer. (B) A follow-up CT showed similar findings, but with 
enlarged enhancing wall thickening and a hypodense lesion on the 
gallbladder fundus (yellow arrow). Direct liver invasion or wall dis-
ruption of the gallbladder was not definitive.
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of a rapidly growing mass-like lesion, which made it difficult to 
rule out malignancy. Abdominal CT and EUS cannot differen-
tiate between adenomyomatosis and adenoma. In addition, the 
role of magnetic resonance imaging (MRI) is limited in making 
a definite diagnosis compared with CT and EUS. Therefore, 
we decided to perform surgery instead of further follow-up or 
evaluation, such as an MRI. Histopathological examination of 
the resected gallbladder showed a Rokitansky-Aschoff sinus 

Fig. 2. Endoscopic ultrasound image shows about 2×1 cm sized 
elliptical wall thickening without disruption of the wall layer. In-
ternal echogenicity was mixed with diffuse hyperechoic spots and 
hypoechoic lesions.

Fig. 3. Pathologic features of the resected specimen. (A) A Low-power field (hematoxylin and eosin stain, ×10) showed Rokitansky-Aschoff 
sinuses resulting from hyperplasia and herniation of epithelial cells through the fibromuscular layer of the gallbladder wall. (B) A high-power 
field (hematoxylin and eosin stain, ×100) revealed abundant infiltration of foamy histiocytes, lymphocytes, and multinucleated giant cells.

in the lower power field (×10, Fig. 3A) and foamy histiocytes, 
lymphocytes, and multinucleated giant cells (×100, Fig. 3B), 
suggesting xanthogranulomatous cholecystitis.  

In the present case, a rapidly growing mass in the gallbladder 
was finally diagnosed as xanthogranulomatous cholecystitis, 
which is a rare benign inflammatory disease of the gallbladder. 
However, it may be misdiagnosed as carcinoma of the gallblad-
der on imaging.1-3 Usually, imaging features of xanthogranulo-
matous cholecystitis and carcinoma of the gallbladder are simi-
lar and difficult to differentiate, and sometimes both conditions 
can co-exist. Therefore, cholecystectomy is the only definitive 
treatment for suspected xanthogranulomatous cholecystitis. 

Xanthogranulomatous cholecystitis is characterized by a focal 
or diffuse destructive inflammatory process, with the accu-
mulation of lipid-laden macrophages, fibrous tissue, and acute 
and chronic inflammatory cells microscopically.1 The patho-
genesis of xanthogranulomatous cholecystitis may be related 
to extravasation of bile into the gallbladder wall from rupture 
of Rokitansky-Aschoff sinuses or by mucosal ulceration. This 
event induces an inflammatory reaction in the interstitial tissue, 
whereby fibroblasts and macrophages phagocytose the biliary 
lipids in bile, such as cholesterol and phospholipids, leading to 
the formation of xanthoma cells.1,4,5 Lipid-laden macrophages 
are of two morphological types: rounded foamy macrophages 
and spindle-shaped cells with more granular cytoplasm and 
elongated nuclei. Other findings include the presence of choles-
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terol clefts, lipid droplets, hemosiderin deposits, and extrava-
sated bile.1 These pathologic characteristics may result in mixed 
hyperechoic and hypoechoic echotextures on EUS.6 

In this case, focal small wall thickening of the gallbladder was 
initially suspected as fundal-type adenomyomatosis. However, a 
CT scan performed for colon cancer surveillance and follow-up 
imaging revealed a rapidly growing mass. Despite EUS findings, 
cholecystectomy was performed because it was difficult to ex-
clude malignancy. Finally, the rapidly growing gallbladder fun-
dus lesion was diagnosed as xanthogranulomatous cholecystitis. 
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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 

(e.g., words, abbreviations), and numbers should be large enough 

to be legible when the figure is reduced to match the journal’s 

column widths. All symbols must be defined in the figure cap-

tions. If references, tables, or figures are moved, added, or deleted 

during the revision process, they must be renumbered to reflect 

such changes so that all tables, references, and figures are cited in 

numeric order.

Manuscript corrections

Before publication, the manuscript editor will correct the manu-

script to meet the standard publication format. The author(s) 

must respond within two working days when the manuscript edi-

tor contacts the author for revisions. If the response is delayed, 

the publication of the manuscript may be postponed to the next 

issue.

Galley proof

The author(s) will receive the final version of the manuscript as a 

PDF file. The authors must notify the Editorial Office (or printing 

office) of any errors found in the file within two working days of 

receipt. Any errors found after this time are the responsibility of 

the author(s) and will have to be corrected as an erratum.

7. Article processing charge
Invited papers, original articles, and systematic review and me-

ta-analysis are exempt from article processing charges until there 

is a policy change. The article processing charge is 200 USD for 

case reports and 100 USD for brief reports.
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2012; October 7, 2013; May 19, 2014; May 20, 2016; May 26, 2017; Janu-
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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.
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Breaks down at or above pH 7, 
usually in the terminal ileum6

· Hydrophilic matrix
Expands on exposure to 
intestinal fluid and forms a 
viscous gel mass, slowing 
the release of 5-ASA into 
the colonic lumen6

· Lipophilic matrix
Slows penetration of 
aqueous fluids into the 
tablet core, prolonging 
the release of 5-ASA 
throughout the colon6

·  Gel mass breaks away 
from the core, exposing 
5-ASA to the colon 

5-ASA is distributed 
throughout the colon5,6

MMX for Prolonged Drug-Release1,4-6

Delivering 5-ASA throughout the Colon1,4-6 

1200mg of High Dose of 5-ASA1,3

Always Simple Once-Daily1,2

이 내용은 허가사항의 요약 정보로, 더 자세한 제품정보는 식품의약품안전처 홈페이지 (https://nedrug.mfds.go.kr)의 제품 허가사항을 참조하시기 바랍니다.

Copyright © 2022 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

References 1. Enteric coated tab 1200mg Korean prescribing information. Available at https://nedrug.mfds.go.kr/pbp/CCBBB01/getItemDetail?itemSeq=201001891 [Accessed April 25, 2022] 2. Geert D'Haens, et al. Once-Daily MMX® Mesalamine for Endoscopic 
Maintenance of Remission of Ulcerative Colitis. Am J Gastroenterol. 2012 Jul;107(7):1064-77. 3. Kamm MA, et al. Once-daily, high-concentration MMX® mesalamine in active ulcerative colitis. Gastroenterology. 2007 Jan;132(1):66-75; quiz 432-3. 4. Iacucci M, et 
al. Mesalazine in inflammatory bowel disease: A trendy topic once again? Can J Gastroenterol. 2010;24:127–133. 5. Brunner M, et al. Gastrointestinal transit and 5-ASA release from a new mesalazine extended-release formulation. Aliment Pharmacol Ther. 2003 
Feb;17(3):395-402. 6. Tenjarla S, et al. Release of 5-Aminosalicylate From an MMX® Mesalamine Tablet During Transit Through a Simulated Gastrointestinal Tract System. Adv Ther. Jul-Aug 2007;24(4):826-40.

메자반트엑스엘장용정 1200밀리그램 (메살라진)
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가스터에 분할선이 생깁니다
가스터(Famotidine)는

위염 환자에게 1/2정 BID 처방이 가능합니다.2 
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