
Ayman Ali, M.D.
Faculty of Medicine

University of Damascus



Ϝ

1950 1980 2010
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Artificial Intelligence 

ϭвϜϼϠϣтϠмЂϝϲсЪϝϲϦ

РϚϝДмЮϜϣтЪϜϼϸшϜдϝЂжщЮ

аЯЛϦЮϝЪмЬϲЬЪϝІвЮϜ

аЯЛϦϣЮфϜ

Machine Learning

ϞтЮϝЂϒϸвϦЛϦпЯКЂϝϲЮϜϞм

сТЬтЯϲϦϤϝжϝтϠЮϜмϦаЯЛ

ϬϺϝвжЮϜϣтУЊмЮϜмϠжϦЮϜϣтϚ

аЯЛϦЮϜХтвЛЮϜ

Deep Learning

ϞтЮϝЂϒаЯЛϦϣЮϐамЧϦпЯК

пжϠϢϸЧЛвдвϤϝЪϠІЮϜ

ϣтжмϠЊЛЮϜϣтЛжЊЮϜ



Á̭ϝЪϺЮϜсЛжЊЮϜArtificial  Intelligence  (AI) ϱЯАЊв
ЬвϝІϢϼϸЧЮϭвϝжϼϠсϠмЂϝϲпЯКаЯЛϦЮϜмЬϲЬЪϝІвЮϜ

ÁаЯЛϦϣЮфϜMachine  Learning  (ML) ϢϼϸЧЮϜпЯК̭ϝжϠ
ϤϝтвϾϼϜм϶ϣтЎϝтϼmathematical algorithms дв
ϤϝжϝтϠϞтϼϸϦЮϜϣЯ϶ϸвЮϜinput training data двЬϮϒϺϝ϶ϦϜ
ϤϜϼϜϼЦсТϤъϝϲмРмϼДϢϸтϸϮдмϸϠϤϝвтЯЛϦдвдϝЂжϖ.



ÁаЯЛϦЮϜХтвЛЮϜDL :
ÁϤϝтвϾϼϜм϶ϣЪϠІϣтжмϠЊКϢϸϸЛϦвϤϝЧϠАЮϜmultiple layered сЪϝϲϦ

 ̯ϝтЧАжвϣтжϠмАϝІжϤϝжмϠЊЛЮϜϣтОϝвϸЮϜпЯКϞмЂϝϲ

ÁϣЪϠІЮϜϣтжмϠЊЛЮϜϣтТϝУϦЮъϜconvolutional neural network (CNN) :
ÁскРжЊсКмждвϣЪϠІЮϜϣтжмϠЊЛЮϜϣЧтвЛЮϜдмЪϦϦдвϤϝЧϠАУϦЮϜϣтТϝ

convolutional мϣтЛтвϮϦpooling сТАвжйϠІтатДжϦϼІЧЮϜϼЊϠЮϜр
visual  cortex  мсЮϝϦЮϝϠЬЪІϠϞЂϝжвРϼЛϦЯЮпЯКϼмЊЮϜimage  

recognition  мЬтЯϲϦмтϸтУЮϜvideo  analysis



ÁсТϸмЧЛЮϜϣЧϠϝЂЮϜ,ϾЪϼϦаЯЛϦϣЮфϜсТ̭ϸϠЮϜпЯКϼкϝДвЮϜмжЊвЮϜϣК ̯ϝтмϸт
дмЯЮϝЪ,ϢϸІЮϜЬϝЪІцϜмϣтжϠЮϜ)аϜмЧЮϜ(ϢϼϝϦ϶вЮϜдвЬϠЦдтввЊвЮϜ.

ÁсТϤϜмжЂЮϜϢϼт϶цϜдЂϲаЯЛϦЮϜХтвЛЮϜDL ЬЪІϠϼтϠЪϢϼϸЦ̭ϝЪϺЮϜ
сЛжЊЮϜпЯКРϼЛϦЮϜпЯКϼмЊЮϜimage  recognition  ϝвϸжКаϦт
йϠтϼϸϦϤϝтвЪϠϼϠЪϒдвϸϜмваЯЛϦЮϜйжϗТдЪвтϤϝтвϾϼϜм϶ЮаЯЛϦЮϜЮϜХтвЛдϒ
РжЊϦϼмЊЮϜϣЧтϼАϠϣтЯϠЧϦЂвϝвЪдϒϼтмАϦCNN ϸЦϱвЂϤϝЦϜϼϦ϶ϝϠ
ϣв϶ЎсТЬϝϮвРϼЛϦЮϜпЯКϼмЊЮϜϣтϠАЮϜ
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Visual steps in the development of 
an AI model: 
Å Pretraining
Å Training
Å Validation
Å Testing





ÁϸвϦЛтϼтмАϦ̭ϝЪϺЮϜсЛжЊЮϜсТЀϝЂцϜпЯКϼТмϦϠЮϜϤϝжϝт.
ÁдϖЬϝ϶ϸϖЙтϼϝІвϤϝжϝтϠЮϜϢϼтϠЪЮϜBig  Data Projects  сТϼтДжϦЮϜ

свЎлЮϜϢϸКϝЧЪϤϝжϝтϠϼтДжϦЮϜϣтжϝϠϝтЮϜJapan  Endoscopy  

Database  ϸЦϞϺϮ ̯ϝвϝвϦкϜ ̯ϝЊϝ϶ϞϠЂϠϣтжϝЪвϖЙвϮϤϝтвЪϢϼтϠЪдв

ϤϝжϝтϠЮϜЬЪІϠсЮϐЬмϲϣЂϼϝввЮϜϣтϼтДжϦЮϜмϭϚϝϦжЮϜϣтϼтϼЂЮϜ.

ÁϤϝжтЂϲϦЮϜсТϢмЧЮϜϣтϠмЂϝϲЮϜмϣтЯтЯϲϦЮϜϤϝжтϠЯЮϢϼтϠЪЮϜлЂϤЯϼтмАϦм

Ьϝ϶ϸϖ̭ϝЪϺЮϜсЛжЊЮϜсТϣЂϼϝввЮϜϣтϼтϼЂЮϜϼтДжϦЯЮсвЎлЮϜ.ϝввоϸϒпЮϖ

мвжЮϜЙтϼЂЮϜ:

ÁЈт϶ІϦЯЮϢϸКϝЂвϠϞмЂϝϲЮϜComputer -Aided  Diagnosis  (CADx)

ÁРІЪЮϜϢϸКϝЂвϠϞмЂϝϲЮϜComputer -Aided  Detection  (CADe) 

ÁЬϝвЛϦЂϝϠаϝДж̭ϝЪϺсЛжЊсТϼтДжϦЮϜсвЎлЮϜ.









ÁϼϠϦЛтϸЊϼϦЮϜsurveillance ϞЂϝжвЮϜрϼвЮϤтϼϝϠм
ϨϝϪϦϮϜϼЂКϭЂжϦЮϜdysplasia ХТϜϼвЮϜϰϝϦУвЮϜϣтϝЦмЯЮдв
ϣЮϝϲϦЂъϜtransformation пЮϖϣжϝАϼЂрϼвЮϜϣтϸПЮϜ.

ÁϞЛЊтϸтϸϲϦϼЂКϭЂжϦЮϜсТрϼвϤтϼϝϠϝвврϸϔтЂϲЮϣтЂϝ
ϣЎУ϶жвϤϝКϾ϶ЯЮпϦϲϢϺм϶ϓвЮϜдвЎϤъмЪмϦмϼϠтϼϝтЛвϣ

ÁмаОϼЮϝϠдвдϒаϜϸ϶ϦЂϜЬϚϝЂмϼтДжϦЮϜϾϾЛвЮϜimage-
enhanced endoscopy, мϼтДжϦЮϜсжтмЯϦЮϜ

chromoendoscopy дЪвтдϒϾтвтХАϝжвЬЯ϶ϭЂжϦЮϜъϖ
дϒϤϝϠϦЛЮϜϣтЊт϶ІϦЮϜаЮдЪвтϝлЧтЧϲϦдвЬϠЦϼтОϜ̭ϜϼϠ϶Ю
ЬЪІϠФмϪмв



ÁРІЪЮϜϼЪϠвЮϜдКϣϪϝϠ϶рϼвЮϜϸЦдмЪтйЮϼтϪϓϦаϝкпЯКϼтϠϸϦмϼϜϺжϖЌтϼвЮϜ.

ÁъϖдϒдϝАϼЂрϼвЮϜϼЪϠвЮϜϸЦъдмЪт ̯ϜϾϼϝϠсТϼлДвЮϜрϼтДжϦЮϜ,дЪЮϣвДжϒЪϺЮϜ̭ϝ

сЛжЊЮϜϝлжЪвтХтЧϲϦЈт϶ІϦЮϜаϜϸ϶ϦЂϝϠ̭мЎЮϜЌтϠцϜWL мϼтмЊϦЮϜϣвϾϲЮϝϠ

ϣЧтЎЮϜNBI ЙвϣтЂϝЂϲϼϠЪϒдв90%мϣтКмжϼϠЪϒдв80%.

ÁϸЦдмЪт ̯ϝЎтϒдвϞЛЊЮϜϾттвϦϣжϝАϼЂрϼвЮϜϣтУІϼϲϝты϶ЮϜϢϼЪϠвЮϜпϦϲϠаϜϸ϶ϦЂϝ

ϤϝжтмЯϦЮϜмϼтмЊϦЮϜϣвϾϲЮϝϠϣЧтЎЮϜNBI 

ÁдЪвтϣвДжц̭ϝЪϺЮϜсЛжЊЮϜсТϼтДжϦЮϜ̭мЎЮϝϠЌтϠцϜϾттвϦϣжϝАϼЂрϼвЮϜϲϣтУІϼ

ϝты϶ЮϜϣтϲАЂЮϜдКϣвϸЧϦвЮϜмРІЪϦϤϝТϐЬЦϒдв10аЯв ̯ϝвϮϲ.

ÁдϖаттЧϦХвКмϾОϣжϝАϼЂрϼвЮϜаϝксТϼтϠϸϦЮϜмϸЦаϦϼтмАϦϣвДжϒ̭ϝЪϺЮϜжЊЮϜсЛ

ϾϝϮжшϜϺкϼвцϜ,ϝкϜϸϲϖдЪвϦдвϾттвϦЮϜдтϠаϼмрϼвсУІϼϲϝты϶ЮϜмϒрϸОT1 дК

T2-T3 ϣЦϸϠ98%.

ÁϤжЪвϦϣвДжцϜоϼ϶цϜдвϾϝϮжϖаттЧϦйϠϝІвмϤжϝЪϢϼϸϝЦпЯКФмУϦЮϜпЯКДжвЮϜдтϼ



Conclusions: This system can facilitate  early detection in practice, 
leading to a better  prognosis in the near future. 
(Gastrointest Endosc 2019;89:25-32.)



Ebigbo A, Mendel R, Probst A, et al. Gut 2019;68:1143ɀ1145.

ÁDiagnosis of EAC by CAD-DL reached 
sensitivity 97% specificity 88-100% for white 
light (WL) images and narrow band images



The proposed AI system could accurately detect superficial ESCC and 
precancerous lesions and delineate the extent of lesions under NBI. (Gastrointest 
Endosc 2023;97:664-72.)



ÁϼкϝДϦтдмϼтϪЪЮϜдвпЎϼвдϝАϼЂϢϸЛвЮϜсТϣЯϲϼвϣвϸЧϦвдцдϝАϼЂϢϸЛвЮϜϼЪϝϠЮϜЊϞЛ
ХтϼУϦЮϜдКϣтУЯ϶ЮϜ̭ϜмЂдϝЪϣтАϝ϶вϣтЛтϠАмϒϞϝлϦЮϜϢϸЛв

ÁдЪвтϣвДжц̭ϝЪϺЮϜсЛжЊЮϜЈт϶ІϦдϝАϼЂϢϸЛвЮϜϣЦϸϠϣтЮϝКпϦϲсТϤϝТфϜПЊЮϜϢϼтЬЦϒ
дв5аЯв

ÁϝвЪϤϼлДϒϣвДжϒоϼ϶ϒϣЦϸϣтЊт϶ІϦϣлϠϝІвϢϼтϪвϣІкϸЯЮЙвсАЂмдвϾРІЪсЮϜмϲ1
ϣтжϝϪ.

ÁдвϤϝжмЪвЮϜоϼ϶цϜсТϼтϠϸϦдϝАϼЂϢϸЛвЮϜϸЊϼϦЮϜЬϝЛУЮϜeffective  screening  м
скϣЂϼϝввЬϜϾϦъϣтϼмϼЎсТ̭ϜϾϮϒϢϼтϪЪдваЮϝЛЮϜ.

ÁмаОϼЮϝϠдвϤъмЪмϦмϼϠЮϜϣтϼϝтЛвЮϜstandardized  protocols  ϣввЊвЮϜϱЂвЮ
ϢϸЛвЮϜЬвϝЪЮϝϠмϾттвϦϣϪϝϠ϶ЮϜЬЪІϠсжтϦмϼ,ъϖдϒ ̯ϝЦмϼТϢϼтϠЪЬϜϾϦъϢϸмϮмвТс̭ϜϸцϜдтϠ
дтϼДжвЮϜ.

ÁаϦаттЧϦаϝДж̭ϝЪϺсЛжЊавЊвдтЂϲϦЮϢϸмϮϱЂвϢϸЛвЮϜϣЧтϼАϠϣтЦϝϠϦЂϜϢϝІЛв
randomized prospective дЪвтиϺлЮϣЊжвЮϜРІЪЙЧϠЮϜ̭ϝтвЛЮϜblind spots м

ϝлжЪвтсЮϝϦЮϝϠϼтϺϲϦϼДжвЮϜРϼЊЮϸтϾвЮϜдвϤЦмЮϜсТЈϲТиϺкϣЧАжвЮϜ.мсТϜϣЧтЧϲЮдϝЪ
ЬϸЛвЙЧϠЮϜ̭ϝтвЛЮϜЌУ϶ϒЬЪІϠаϝксТϣКмвϮв̭ϝЪϺЮϜсЛжЊЮϜϝввϾϼϠтϼмϸ̭ϝЪϺЮϜЮϜсЛжЊ
сТдтЂϲϦАϠЎϢϸмϮЮϜ.





This multicenter diagnostic study showed that ENDOANGEL-ME can be well applied in the 
clinical setting.

Gastrointest Endosc 2022;95:671-8









ÁаттЧϦХвКмϾОдϝАϼЂϢϸЛвЮϜаϝк ̯ϝЎтϒсТϤϝтϮтϦϜϼϦЂъϜтϠϸϦЮϜϣтϼ.
Á ̯ыϪвТϤϝТфϜϣтϲАЂЮϜдЪвтϝлЮϝЊϚϦЂϜϵтЯЂϦϠϤϲϦϣтАϝ϶вЮϜДжϦЮϜрϼт

endoscopic submucosal dissection (ESD) ЬϠϝЧвϣϲϜϼϮЮϜ.

ÁдЪвтϣвДжц̭ϝЪϺЮϜсЛжЊЮϜХтϼУϦϤϝТфϜсϦЮϜмϾПϦ500Õm мϒϼϪЪϒсТϤϲϦ
ϣтАϝ϶вЮϜдКШЯϦϼϪЪцϜϣтϲАЂ

ÁЈт϶ІϦϞϝлϦЮϜϢϸЛвЮϜрϼмвЎЮϜдвϾвЮϜрϺЮϜЬϪвтϣТϐϝвЬϠЦϣтвϼмм
ϞкϔтϣжϝАϼЂЮϢϸЛвЮϜ.
ÁЈ϶ІтϞϝлϦЮϜϢϸЛвЮϜрϼмвЎЮϜдвϾвЮϜϢϸϝКϼтДжϦЮϝϠсвЎлЮϜЙвϺ϶ϒϤϝКϾ϶

двϣтАϝ϶вϢϸЛвЮϜ.

ÁсТϣЛϮϜϼвϣтϮлжвмЬтЯϲϦрϸЛϠϤжϝЪϣтЂϝЂϲ̭ϝЪϺЮϜсЛжЊЮϜсТттвϦϾϞϝлϦЮϜ
ϢϸЛвЮϜдвϾвЮϜрϼмвЎЮϜchronic  atrophic  gastritis  (CAG) сЮϜмϲ
94%мϣтКмжЮϜ96%мROC 0.98 , мдвϱЎϜмЮϜдϒϣЦϸЮϜϣтЊт϶ІϦЮϜ
пЯКϒϝввскϸжКдтϼДжвЮϜ

ÁЈт϶ІϦϭв϶ЮϜϣтмЯвЮϝϠϣтϠϜмϠЮϜH. Pylori



Conclusions: CADe achieved high diagnostic accuracy in gastric precancerous conditions, 
which was similar tothat of experts and superior to that of nonexperts. Thus, CADe provides 
possibilities for a wide application in assistingin the diagnosis of gastric precancerous 
conditions. (Gastrointest Endosc 2021;94:540-8.)



Conclusions: Our results show that ENDOANGEL-LD has great potential for assisting 
endoscopists in screeninggastric lesions and suspicious neoplasms in clinical work. (Clinical 
trial registration number: ChiCTR2100045963.) (Gastrointest Endosc 2022;95:269-80.)



We constructed a CNN-CAD system to determine the invasion depth of gastric cancer with 
high accuracy and specificity. This system distinguished early gastric cancer from deeper 
submucosal invasion and minimized overestimation of invasion depth, which could reduce 
unnecessary gastrectomy. (Gastrointest Endosc2019;89:806-15.)





ÁдЪвтЈϝЧжϖϨмϸϲдϝАϼЂдмЮмЪЮϜдвЬы϶РІЪмЬϝЊϚϦЂϜаϜϼмцϜϣтϸПЮϜ
adenomas, 

ÁъϖдϒЬϸЛвРІЪаϜϼмцϜϣтϸПЮϜРЯϦ϶тЬЪІϠϼтϠЪдтϠдтϼДжвЮϜмШϝжкЬϸЛвКсЮϝдв
ϤϝТфϜϣтЂжвЮϜmissed lesions 

ÁмсТЬϝϮвϱЂвЮϜсжϝАϼЂЮϜдϗТϢϸмϮϼтДжϦдмЮмЪЮϜϣАϠϦϼвЬЪІϠϱЎϜмϼА϶тдϝАϼЂ
дмЮмЪЮϜϸЛϠϼтДжϦдмЮмЪЮϜ.мРϼЛтЬϸЛвРІЪаϜϼмцϜϣтϸПЮϜAdenoma  

Detection  Rate (ADR) ϣϠЂжЮϝϠϣтмϚвЮϜпЎϼвЯЮдтЛЎϝ϶ЮϜϼтДжϦЮмЮмЪЮϜдЙв
ЬϝЊϚϦЂϜаϼмрϸОϸϲϜмпЯКЬЦцϜ,мϼϠϦЛтϜϺкϼЛІвЮϜ ̯ϝтЮϝϲϼІϔвЮϜЬЎТцϜЮϢϸмϮЯм
АϠϦϼтϨмϸϲϠдϝАϼЂдмЮмЪЮϜinterval colorectal cancerrмРϼЛтдϝАϼЂϠ
дмЮмЪЮϜрϺЮϜЈ϶ІтЬы϶60 ̯ϜϼлІϸЛϠϼтДжϦдмЮмЪсϲЂвсϠЯЂ(.

ÁϤϒϸϠϤъмϝϲвЮϜпЮмцϜсТϣтϜϸϠϣтУЮцϜϣтЮϝϲЮϜъϖдϒиϺкϣвДжцϜϤжϝЪϣввЊв
ϤϝтвϾϼϜм϶ϠϣКϝжЊϣтмϸтмϢϸмϸϲвХтϠАϦЮϜсТϣЂϼϝввЮϜϞϠЂϠϣтЂϝЂϲЮϜмжЮϜϣтКм
дтϦЎУ϶жвЮϜмϤЦмЮϜЬтмАЮϜаϾыЮϜϤϝтЯвЛЯЮ.мЙвϼмлДϤϝтвϾϼϜм϶ЮϜϣвϚϝЧЮϜЯКпаЯЛϦЮϜ
ХтвЛЮϜϤтДϲϣвДжϒ̭ϝЪϺЮϜсЛжЊЮϜAI Systems  ϣввЊвЮϜдтЂϲϦЮϢϸмϮϼтДжϦ
дмЮмЪЮϜЈϝЧжϗϠϤϝТыϦ϶ъϜсТЬϸЛвРІЪЮϜаϝвϦкϝϠϼтϠЪмϸЦϤϼлДϢϸКϣЯϪвϒϲпϦ
дфϜ



ÁаϝДжЮϜЬмцϜϼϠϦЛвЮϜсТРІЪЮϜдϝЪсЮϝКϣтЂϝЂϲЮϜhigh sensitivity мдЪЮмϺ
ϣтКмжspecificity ϣЎУ϶жв

ÁмϝвтТϸЛϠаϦсТЬϝϪвϼ϶ϐаϦϼϝлДϖϣЦϸϣтЮϝКмЬϸЛвЌУ϶жвϣтϠϝϮтщЮϝЪЮϜϣϠϺ
ÁϝвЪдϒϣтϺПϦϜϺкаϝДжЮϜϤϝкмтϸтУϠϤвϦϝлϦЛϮϜϼвдвЬϠЦϼтϠ϶сТϼтДжϦЮϜϜсвЎлЮ

ϸϜϾϣϠЂжϠ20%двϣϠЂжРІЪЬϚыЂЮϜ.

ÁсТϣЂϜϼϸϣϪтϸϲϢϸтϲмϾЪϼвЮϜϢϝІЛваттЧϦЮаϝДж̭ϝЪϺЮϜсЛжЊЮϜсТРІЪϜЬϚыЂЮ
сТ1058ϼтДжϦдмЮмЪмϣжϼϝЧвЮϝϠЙвϣКмвϮвϸкϝІЮϜ,дϗТаϜϸ϶ϦЂϜаϝДж̭ϝЪϺЮϜ

сЛжЊЮϜϭϦжйжКϢϸϝтϾсТЬϸЛвРІЪаϜϼмцϜϣтϸПЮϜ)29%ЬϠϝЧв20%(мϢϸϝтϾ
сТϸϸЛЮϜсАЂмЮϜаϜϼмчЮϣтϸПЮϜϣУІϦЪвЮϜЌтϼвЯЮϸϲϜмЮϜ)0.53ЬϠϝЧв0.31(.
ϼтІϦиϺкϤϜϸмϮмвЮϜЬЪϠϸтЪϓϦпЮϖАϝЧжЮϜсϦЮϜдЪвт̭ϝЪϺЯЮсЛжЊЮϜϝлтТвддтЂϲϦ
ϢϸмϮϼтДжϦдмЮмЪЮϜдвЬы϶ϢϸϝтϾЬϸЛвРІЪаϜϼмцϜϣтϸПЮϜмсЮϝϦЮϝϠЈϝЧжϖ
ЬϝвϦϲϜinterval malignancy 

ÁсТϣЛϮϜϼвϣтϮлжвsystematic  review  мЬтЯϲϦрϸЛϠmeta-
analyses  дв50ϣЂϜϼϸϣАмϠЎвϤЯвІсЮϜмϲ34445 ̯ϝЪϼϝІвдтϠϦдϒ

ЬϸЛвРІЪаϜϼмцϜϣтжмЮмЪЮϜпЯКϒаϝДжϠCADe ϣжϼϝЧвЙвϤϝтжЧϦЮϜоϼ϶цϜ



ÁмсТϞϼϝϮϦϣϪтϸϲϢϝІЛвЈЧжϒϼтДжϦдмЮмЪЮϜЙвРІЪЮϜϢϸКϝЂвϠϞмЂϝϲЮϜ
Computer-Aided Detection Colonoscopy ЬϸЛвЮϜсЯЪЮϜаϸЛЮϢϸкϝІв

аϜϼмцϜϣтϸПЮϜadenoma miss rate ϣжϼϝЧвϼтДжϦϠдмЮмЪЮϜрϼϝтЛвЮϜ.
ÁъϖйжϒдваϝлЮϜϸтЪϓϦЮϜϝжкпЯКдϒдтЂϲϦРІЪЮϜϢϸКϝЂвϠϣвДжϒ̭ϝЪϺЮϜЛжЊЮϜсАϠϦϼв

АЧТϢϸϝтϾϠϣЛЂϤϝТфϜϣУІϦЪвЮϜдвЎЬЧϲϣтϔϼЮϜмсЮϝϦЮϝϠйжϗТϸвϦЛтКпЯϣтвЪ
ϣтАϝ϶вЮϜсϦЮϜϝкϼлДтϼДжвЮϜ̭ϝжϪϒϞϲЂϼϝДжвЮϜмсЮϝϦЮϝϠдЪвтϼϝϠϦКϜϣвДжϒ
РІЪЮϜϢϸКϝЂвϠϞмЂϝϲЮϜϢϜϸϒϢϸКϝЂвϼДжвЯЮрϺЮϜпЧϠϦйϦϜϼϝлвмйϦϼϠ϶ЂϝЂϒϣт
̭ϜϼϮшϼтДжϦдмЮмЪсЮϝКϢϸмϮЮϜЙвϢϸϝУϦЂъϜдваКϸ̭ϝЪϺЮϜсЛжЊЮϜ

ÁсТϜϺкϸϸЊЮϜаϦ̭ϝЊЧϦЂϜϼмϸаϝДж̭ϝЪϺсЛжЊϨтϸϲРІЪЯЮϢϸКϝЂвϠЂϝϲЮϜϞм
GI-GeniusдтϠдтϼДжвЮϜϼтО̭ϜϼϠ϶ЮϜмаϦЬтϮЂϦϭϚϝϦжϢϸКϜм

ÁдϖϼтϪϓϦЮϜаϝлЮϜРІЪЮаϜϼмцϜϣтϸПЮϜϢϸКϝЂвϠϣвДжϒЈт϶ІϦЮϜϢϸКϝЂвϠЂϝϲЮϜϞм
Computer-Aided Diagnosis Systems мЈϝЧжшϜсЮϝϦЮϜсТЬϸЛв

аϜϼмцϜϣтϸПЮϜϼтОϢϸкϝІвЮϜmissed adenomas ϸЦϼтПтϬϺϝвжparadigm 
ϸЊϼϦЮϜрϼтДжϦЮϜendoscopic surveillance йЂУж,ϨтϲШϼϲϦжЂдвАтА϶Ϧ

ϝжϦтϮтϦϜϼϦЂϜϢϸвϦЛвЮϜпЯКϝвдЪвтдϒдмЪжϸЦϝжЪϼϦϝжУЯ϶пЮϖϝвϸЦІϦЪϜϝжУ)м
ϝжЯЊϓϦЂϜ(,ϝввϝжжЪвтдватϸЧϦϣтϮтϦϜϼϦЂϜϸЊϼϦϝкϸмЧт̭ϝЪϺЮϜсЛжЊЮϜІϣтЊ϶

personalized мϣтЪтвϝжтϸϣЊϝ϶ЬЪϠЌтϼв.









ÁϤЯ϶ϸϒϣтЛвϮЮϜϣтЪтϼвцϜϼтДжϦЯЮсвЎлЮϜASGE ϤϝтϮтϦϜϼϦЂϜЙАЦϜмсвϼϜ
resect and discard мйЊ϶ІмйЪϼϦϜdiagnose and leave ЬϚыЂЮ

дмЮмЪЮϜϜϺϖдϝЪдвдЪввЮϜϝкϾттвϦЬЪІϠсТϝЪ̭ϝжϪϒϼтДжϦЮϜаϜϸ϶ϦЂϝϠϝЂмЬϚϼтДжϦЮϜ
ϾϾЛвЮϜimage-enhanced 

ÁϝвЪдϒϣтЛвϮЮϜϣтϠмϼмцϜϼтДжϦЯЮсвЎлЮϜESGE ϸЦϤϮϼϸϒ ̯ϝЎтϒаϜϸ϶ϦЂϜϼтДжϦЮϜ
сжтмЯϦЮϜchromoendoscopy ̭ϜмЂсЎϜϼϦТъϜмϒϸвϦЛвЮϜпЯКϤϝжмЯвЮϜϾмϝϮϦЮ
аттЧϦЮϜсϲтϼІϦЮϜсЎϼвЮϜЬϚыЂЯЮϢϸтϸІϼПЊЮϜdiminutive ϜϺϖаϦШЮϺсТϤъϝϲ

ϣАмϠЎвмдвЬϠЦдтϼДжв̭ϜϼϠ϶
ÁдϖХтϠАϦЬϪвиϺкϤϝтϮтϦϜϼϦЂъϜдЪвтмϒϼТмтϼтϪЪЮϜдвРЯЪЮϜ,ъϖдϒЛЮϜϣϠϦ

ϣтЊт϶ІϦЮϜϣКмЎмвЮϜдвЬϠЦиϺкϤϝвтЯЛϦЮϜϣвДϝжЮϜъдЪвтϝлЧтЧϲϦдвϠЦЬ
дтϼДжвϼтО̭ϜϼϠ϶

ÁϤϼлДϒϣвДжϒ̭ϝЪϺЮϜсЛжЊЮϜϝлϦϼϸЦпЯКХтϼУϦЮϜдтϠЬϚыЂАϼТϭЂжϦЮϜ
hyperplastic  мЬϚыЂЮϜϣтвϼмЮϜϣЦϸϠЬЊϦϣϠϦЛЮϜϢϸϸϲвЮϜдвЬϠЦвтЯЛϦЮϜϤϝ

ϣвДϝжЮϜϣЧϠϝЂЮϜАϼІϝлϠтϼϸϦХϠϝЂЮϜаϜϸ϶ϦЂϝϠϼмЊϣϦϠϝϪ.оϸϲϖϤϝЂϜϼϸЮϜϒϤϼлД
дϒϣвДжϒ̭ϝЪϺЮϜсЛжЊЮϜсϦЮϜϤвϸ϶ϦЂϜϤϝкмтϸтТЬϚыЂЮдмЮмЪаϜϸ϶ϦЂϝϠЮϜϼтмЊϦ

ϣвϾϲЮϝϠϣЧтЎЮϜNBI ̭ϝжϪϒϼтДжϦдмЮмЪрϼϝтЛвϸЦϤϾϮжϒϣϠϦЛЮϜтЊт϶ІϦЮϜϣ



ÁдϖаϜϸ϶ϦЂϜϤϝкмтϸтУЮϜϞтϼϸϦЮ̭ϝЪϺЮϜсЛжЊЮϜϸЦаϮϼϦтдЂϲϦϠϭϚϝϦжЮϜϜϺϖϤвϦϸϝлϦЂϜϼЬЪІϠ
сЦϝϠϦЂϜprospective 

ÁШϝжкаϝДж̭ϝЪϺсЛжЊсТдϝϠϝтЮϜъϸвϦЛтпЯКаЯЛϦЮϜХтвЛЮϜпКϸтEndoBRAIN ϼмАдв
ЬϮϒendocytoscopy дϝЪ ̯ϜϼϸϝЦпЯКϾттвϦЬϚыЂЮϜϣтвтЧϦЂвЮϜϣтжтЂЮϜсТвϾЮϜдсЧтЧϲЮϜ
ϣЦϸϠϣтЊт϶ІϦЬЊϦϣϠϦЛЮϜϣϠмЯАвЮϜ

ÁϾϝϲаϝДжEndoBRAIN пЯКϣЧТϜмвϤϝлϮЮϜϣтϠϝЦϼЮϜсТдϝϠϝтЮϜϝввϼтІтпЮϖϣКϼЂЮϜсϦЮϜ
аϦтϝлтТЬтмϲϦиϺкϣвДжцϜиϝϮϦϝϠаϜϸ϶ϦЂъϜрϼтϼЂЮϜ.

ÁϸКϝЂϦϣвДжϒϸтϸϲϦЈϚϝЊ϶ЮϜϢϸКϝЂвϠϞмЂϝϲЮϜComputer-Aided 
Characterization (CADx) ЬϪваϝДжCAD EYE сТдтЂϲϦϣЦϸЈт϶ІϦЮϜ

рϼЊϠЮϜЬϚыЂЮдмЮмЪЮϜϝвврϸϔтЈϝЧжшЬϝЊϚϦЂъϜϼтОрϼмϼЎЮϜϤϝТхЮϼтОϜϣтвϼмЮ,м
ϣтжϝЪвϖХтϠАϦϣтϮтϦϜϼϦЂϜЬЊϓϦЂϜмШϼϦϜresect-and-discard мϒйЪϼϦϜсТйжϝЪв

leave-in-situмϒХтϠАϦЮϜϞЂϝжвЮϜϤϝтжЧϦЮЬϝЊϚϦЂъϜрϼтДжϦЮϜ.
Áм ̯ϝϪтϸϲ ̯ϜϸϮϼлДϒсвϝДжCADxϝлжϒФмУϦϤϝϠϦКϤϝтЛвϮЮϜϣтвЎлЮϜϝлϮвϸЮсТ

ϤϝтϮтϦϜϼϦЂϜЬтЯЧϦРЯЪЮϜϸжКϝлЧтϠАϦсТϣЂϼϝввЮϜϣтϼтϼЂЮϜ
ÁмсТаттЧϦ̭ϜϸϒиϺкϣвДжцϜϤϼлДϒϣЂϜϼϸдвϢϼмТϝПжЂаϜϸ϶ϦЂϝϠаϝДжGI GeniusÊ 

Intelligent Endoscopy Module, US-DG-2000309 ᷃ 2021 Medtronic 
дϒϼтДжϦдмЮмЪЮϜϢϸКϝЂвϠ̭ϝЪϺЮϜсЛжЊЮϜϼТмтϣУЯЪЮϜдвЬы϶дтЂϲϦϢϸмϮтДжϦϼдмЮмЪЮϜ
ϨтϲНЯϠЬϝЊϚϦЂϜϤϝϠтЮмϠЮϜ33.6%ϣжϼϝЧвЙвϼтДжϦЮϜϼтОϸКϝЂвЮϜ̭ϝЪϺЮϝϠсЛжЊЮϜ
28.4%













ÁпϦϲдфϜаОϼϭϚϝϦжЮϜϢϸКϜмЮϜдϗТϤϝтАЛвЮϜЬмϲϣвДжϒ

ϸтϸϲϦЈϚϝЊ϶ЮϜЬϚϝЂмϠ̭ϝЪϺЮϜсЛжЊЮϜϢϼТмϦвЮϜϦ ̯ϝтϼϝϮ

ЬϜϾϦъϼтОϣвЂϝϲмϝвϠϼϣϠϼϝЎϦв.

ÁмъЬϜϾжсТϣϮϝϲϤϝтАЛвЮϣЦмϪмвЬмϲ̭ϜϸϒϣвДжϒ

CADx аϦϝлвттЧϦсТϞϼϝϮϦϣАмϠЎвϢϝІЛвмаϦ

ϝкϼϝϠϦ϶ϜпЯКдтϼДжв̭ϜϼϠ϶мпЯКдтϠϼϸϦвсТЪϜϼвϾ

ϣтвтϸϝЪϒмϒϣтϠАϣвϝК.





ÁϸЦдмЪтаттЧϦЮϜрϼтДжϦЮϜ̭ϜϸЯЮрмЛвЮϜсϠϝлϦЮъϜIBD  ̯ϝтЊ϶І,мϤϝТыϦ϶ъϜсТттЧϦа
ϢϸІЌϼвЮϜϸЦЀЪЛжϦсТРыϦ϶ϜϤϝтϮтϦϜϼϦЂϜϼтϠϸϦпЎϼвЮϜмлϦЯтЊϲа

ÁаϦϼтмАϦϣвДжϒ̭ϝЪϺсЛжЊϸтϲмϦЮаттЧϦЮϜрϼтДжϦЮϜ̭Ϝмϸц̭ϝЛвцϜтϠϝлϦЮъϜϣЙвϰϝϮж
сϚϸϠв.ϸϲϒϣЯϪвцϜмкаϝДжϾтвтЬЪІϠЬКϝТдтϠϣтАϝ϶вЮϜϣтЛтϠАЮϜMayo 0 мϣЮϝϲ
̭ϝУІϣтАϝ϶вЮϜmucosal healing state (Mayo0-1) аϝДжϼ϶ϐйϠϝІвйжЪвт
ХтϼУϦЮϜдтϠИмϮлЮϜMayo 0 or 1 мЌϼвЮϜЬϸϦЛвЮϜмϒϸтϸІЮϜMayo 2 or 3 

ÁаϦатвЊϦиϺкϣвДжцϜϼтДжϦЮϝϠ̭мЎЮϝϠЌтϠцϜ.ШϝжкаϝДжаϦйвтвЊϦϦЂϝϠЬϝвЛ
endocytoscopy  ϼϸϝЦЬЪІϠϼІϝϠвпЯКаттЧϦϢϸІЮϜϣтϮтЂжЮϜ̭ϜϸЯЮмЛвЮϜр

сϠϝлϦЮъϜϣТϝЎϖпЮϖϢϸІЮϜϣтϼтДжϦЮϜϝввϼтІтпЮϖЬϝвϦϲϜдϒЬвЛϦЂт̭ϝЪϺЮϜсЛжЊЮϜ
ϾмϝϮϦЮЈϲУЮϜсϲтϼІϦЮϜсЎϼвЮϜϤϝКϾ϶ЯЮ

ÁсТϣЂϜϼϸϨϸϲϒдЪвϦϸϲϒϣвДжϒ̭ϝЪϺЮϜсЛжЊЮϜдвϸтϸϲϦϢϸІϣϠϝЊшϜсТϝлϦЮϜϞ
дмЮмЪЮϜсϲϼЧЮϜUlcerative  colitis   ̯ϜϸϝвϦКϜпЯКMayo Endoscopic  

Scores  (MESs) ЬЪІϠсЮϐ ̯ϝвϝвϦмϾттвϦЮϜдтϠИмϮлЮϜмϣтЮϝЛТЌϼвЮϜТс
сЮϜмϲ83.7%двϤϝкмтϸтУЮϜϣЦϸϠϞϼϝЧϦдтЛϮϜϼвЮϜ̭ϜϼϠ϶ЮϜ
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Á Conclusions: The performance of the CNN-based CAD system was robust 
when used to identify endoscopicinflammation severity in patients with 
UC, highlighting its promising role in supporting less-experienced 
endoscopistsand reducing interobserver variability



ÁConclusions: These early results support the 
potential for artificial intelligence to provide 
endoscopic diseasegrading in UC that approximates 
the scoring of experienced reviewers



Á Conclusions: Our CAD 
system potentially allows 
fully automated 
identification of persistent 
histologic inflammation
associated with UC



ÁдвЬвϦϲвЮϜдϒϺУжтЬϝвЛϦЂϜ̭ϝЪϺЮϜсЛжЊЮϜсТ̭ϜϸЮϜрмЛвЮϜсϠϝлϦЮъϜпЮϖЮϝКаϞϼϝϮϦЮϜ
ϣтϼтϼЂЮϜмϢ̭ϜϼЧЮϜϣтϾЪϼвЮϜcentral reading ϼтДжϦЯЮ.мсТϜϺкФϝтЂЮϜϰϼϦЦϜ
ЌЛϠЮϜ ̯Ϝϼмϸ̭ϝЪϺЯЮсЛжЊЮϜсТϞϼϝϮϦЮϜϣтϼтϼЂЮϜϨтϲаКϸтϼтДжϦЮϜϲвЮϜаЪ

precision endoscopy сТ̭Ϝмϸϒ̭ϝЛвцϜϣтϠϝлϦЮъϜϝввдЂϲтϢϸмϮϼтДжϦЮϜм
ЈЧжтаϸКХТϜмϦЮϜdiscordance мдЂϲтϸІϲпЎϼвЮϜмϸтϾтϣтЂϝЂϲЮϜϝϮϦЂыЮϣϠ

ÁдвϞжϝϮϼ϶ϐдϗТϞϝлϦЮϜдмЮмЪЮϜсϲϼЧЮϜмϒ̭ϜϸдмϼЪϸЛϠϤϜмжЂϣЯтмАдвІϦЮϜЈт϶
дывϲт ̯ϜϼА϶пЯКϒдϝАϼЂЮдмЮмЪЮϜрϺЮϜЬϪвт10-15%двЬЪϞϝϠЂϒϤϝтТмЮϜϸжК
пЎϼв̭Ϝмϸϒ̭ϝЛвцϜϣтϠϝлϦЮъϜ.ϒϸϠϦϤъϸϠϦЮϜϝвЬϠЦϣтвϼмЮϜϸЛϠ8-10ϤϜмжЂдв
Јт϶ІϦЮϜсЮмцϜ,мϸЦϤϼлДϒϢϸКϤϝЂϜϼϸдϒϸЊϼϦЮϜрϼтДжϦЮϜйжЪвтРІЪфϜϤϝТ
ϣϪтϠ϶ЮϜмϒϝвЬϠЦϣϪтϠ϶ЮϜ ̯ϜϼЪϠвϝввдЂϲтϝтЧϠЮϜϣАϠϦϼвЮϜдϝАϼЂЮϝϠcancer-related 

survival 
ÁсТϣЂϜϼϸϣϪтϸϲпЯКаϝДж̭ϝЪϺсЛжЊϼϸϝЦпЯКРІЪϤϝТфϜϣтжмЮмЪЮϜтЯЂЮϜϣтЯ

polypoid  мϼтОϣтЯтЯЂЮϜпЯКϼмЊдвпЎϼв̭Ϝмϸϒ̭ϝЛвϒϣтϠϝлϦЮϜIBD 
аϜϸ϶ϦЂϝϠϼтДжϦЮϜ̭мЎЮϝϠЌтϠцϜсЮϝКϣЦϸЮϜhigh -definition  мϼтДжϦЮϜсжтмЯϦЮϜ

chromoendoscopy  ϸвϦЛвЮϜпЯКϤϝжмЯвЮϜϤжϝЪϭϚϝϦжЮϜϢϸтϮмϣЧАжвϤϲϦ
пжϲжвЮϜarea under  the  curve  сЮϜмϲ0.85ЙвРІЪϤϝТхЮпϦϲ
ϣЛЎмϦвЮϜсТϣтУЯ϶двϣтАϝ϶вϣϠлϦЯвЬЪІϠЬϸϦЛв



ÁConclusions: This model is the first step toward 
developing other artificial intelligenceςbased 
endoscopic tools to enhance dysplasia detection for 
patients with IBD. (iGIE 2023;2:91-101.)



ÁϸϜϸϾтаϜϸ϶ϦЂϜϼтДжϦЮϜϣЮмЂϠЪЮϝϠcapsule endoscopy (CE) 
аттЧϦЮсЛвЮϜХтЦϸЮϜмпЮϖϸϲЬЦϒаттЧϦЮдмЮмЪЮϜ

ÁϭϦжтϼтДжϦЮϜϣЮмЂϠЪЮϝϠϤϝкмтϸтТϝлЮмА8-10ϤϝКϝЂϝввЬЛϮт
ЈϲТЙтвϮϼАцϜмϝлЯтЯϲϦ ̯ϝЪЯлϦЂв ̯ϜϸϮмϣϮϝϲϠЬвЛЮФϝІмРϪЪв
двЬϠЦϼДжвЮϜ
ÁдϖХтϠАϦ̭ϝЪϺЮϜсЛжЊЮϜпЯКϼтДжϦЮϜϣЮмЂϠЪЮϝϠϸКϝЂтЂТсϬϜϼϸϖ

ЙтЎϜмвϢϸмϮЪϼϝАшϜϣϚтЂЮϜpoor frame quality мϸтϸϲϦЮϜ
̭сЂЮϜЙЦмвЮϣЮмЂϠЪЮϜpoor localization of the capsuleм
сϦЮϜдЪвтдϒЬЛϮϦϼтДжϦЮϜϣЮмЂϠЪЮϝϠϼϪЪϒϢϸϚϝТттЧϦЮасЛвЮϜХтЦϸЮϜм

дмЮмЪЮϜ.ϤϝϠϪϖϒϸϠвЮϜproof of concept сТϸтϸϲϦЙЦмвϣЮмЂϠЪЮϜ
аϦйЧтЧϲϦаϜϸ϶ϦЂϝϠ̭ϝЪϺЮϜсЛжЊЮϜрϺЮϜϾтвдтϠϢϸЛвЮϜмЮϜсЛвХтЦϸЮϜ
мдмЮмЪЮϜϣЦϸϠ96%мдврϼмϼЎЮϜдтЂϲϦЮϜϼϪЪϜдвЎсЛвЮϜ

ХтЦϸЮϜйЂУж



ÁаϦϼϝлДϖРІЪϤϝТϐдвЎсЛвЮϜХтЦϸЮϜЬϝвЛϦЂϝϠϼтДжϦЮϜϣЮмЂϠЪЮϝϠмдвϣЯϪвцϜпЯКϺкиϤϝТфϜ:

ÁϤϝЛЂмϦЮϜϣтϚϝКмЮϜangioectasias

ÁϤыЪϑϦЮϜerosions, ϤϝϲϼЧϦЮϜulcerations м

ÁдϜϸтϸЮϜϣтЊІЮϜhookworms 

ÁмЬϝϪвЮϜϼϪЪцϜϢϼϝϪϖпϦϲдфϜϣвДжц̭ϝЪϺЮϜсЛжЊЮϜсТϼтДжϦЮϜϣЮмЂϠЪЮϝϠмкаϝДжϼϸϝЦпЯКРІЪ

ϤϝТфϜϢϾϼϝϠϦвЮϜсТсЛвЮϜХтЦϸЮϜЬϸЛвϠРІЪсЯЪсЮϜмϲ98%мϣтЂϝЂϲ90%мϣтКмж80%м

ЬвІϦϤϝТфϜϣУІϦЪвЮϜ

ÁϤϜϸтЧЛЮϜnodules 

ÁЬϚыЂЮϜpolyps 

ÁаϜϼмцϜϣтϼϝлДЮϜepithelial tumors 

ÁаϜϼмцϜϤϲϦϣтАϝ϶вЮϜsubmucosal tumors 

ÁϞтЪϜϼϦЮϜϣтϸтϼмЮϜvenous structures. 

ÁϝвЪаϦϼϝлДϖРІЪЬϚыЂЮϜйϮмвЮϜϼтДжϦЮϝϠϣЮмЂϠЪЮϝϠ.ϜϺкЬЧϲϸКϜмϣтϝПЯЮ,ъϖйжϒъϼЛтРϝвϜϺϖ

дϝЪ̭ϝЪϺЮϜсЛжЊЮϜϸмЧтЂпЮϖϣЮмЂϠЪЮϜϣтЪϺЮϜsmart capsule  ̯ϝЧϲмсϦЮϜРІЪϦмϸϸϲϦЈϚϝЊ϶

ϤϝТфϜϢϸϸЛϦвЮϜсТϤЦмЮϜйЂУж





We developed and validated a new system 
based on CNN to automatically detect 
erosions and ulcerations in WCE images. 
This may be a crucial step in the 
development of daily-use diagnostic 
software for WCE images to help reduce 
oversights and the burden on physicians. 
(Gastrointest Endosc 2019;89:357-63.)





Á We developed and tested a new computer-
aided system based on a CNN to automatically 
detect various protruding lesions in WCE 
images. Patient-level analyses with larger 
cohorts and efforts to achieve betterdiagnostic 
performance are necessary in further studies. 
(Gastrointest Endosc 2020;92:144-51.)


