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New digital
concepts in

Medicine

• eHealth and digital health -
conceptual infrastructures of 
different digital technologies

• Artificial intelligence



CADe CADx

CAQ

Role of AI in endoscopy



With AI fundamental changes are underway

• AI is already all-over us in our daily activities

• humans are limited

• what is the normal ‘range’ of perception of something: AI says 100 %

• paradigm shift – AI replacing humans in detecting pathology and 
making diagnosis ≈ 100 % accuracy - no missed cases, no interval 
cancers, no mortality from CRC 

• paradigm shift – AI replacing the need tor tissue acquisition – optimal
treatment - less complications - less workload - less accessories



Aria Zand et al . Dig Dis Sci. 2022; doi: 10.1007/s10620-022-07506-8. 



Endoscopy

Convolutional neural network (CNN) - popular method for image recognition:
- multilayer perceptrons (artificial neurons) 
- multiple network layers extract key features from an image to provide a final 
classification



By Monz Ahmed

Endoscopist



AI machine

Modified by Tomislav Bokun



quality of endoscopy – significance for the patients

(considerable) differences in performance – room for improvement



Role of AI for the detection
of GI lesions



Screening colonoscopy

cumulative risk of clinically manifest colorectal 
cancer up to the age of 80 years among people 

with a negative screening colonoscopy at ages 55, 
60, 65, and 70 years 

compared with cumulative risk between ages 55 
and 80 years among people with no screening 

colonoscopy

database: German screening colonoscopy
registry

Brenner Hermann et al. Cancer Epidemiol Biomarkers Prev 2014;23(9):1920–7



Kaminski Michal F et al. Performance measures for lower gastrointestinal endoscopy: ESGE Quality Improvement Initiative. Endoscopy 2017; 49



Rex DK et. Quality indicators for colonoscopy. Gastrointest Endosc. 2024 Sep;100(3):352-381

Screening (non-positive FIT), 
surveillance, and diagnostic 
colonoscopy: 

-> 40% for men

-> 30 % for women

positive FIT:

-> 50% 



ADR as key performance measure

• ADR - goal is:

▪ for men ≥ 30 % (40%, ASGE 2024)

▪ for women ≥ 20 % (30%, ASGE 2024)

• AMR and AAMR (meta-analysis of ≈ 15 000 tandem colonoscopies)
• AMR 26%  and AAMR 9% and 27% serrated polyps missed rate

• AI’s AMR and AAMR significalntly reduced

Raf Bisschops et al. ESGE Guideline on advanced imaging for detection and differentiation of colorectal neoplasia. Endoscopy 2019; 51
Zhao S et al. Gastroenterology 2019;156:1661–1674



We all have
AMR/AAMR



ADR and interval CRC

• > 250 000 colonoscopies

• 136 endoscopists performing 
> 300 in total and > 75 screening 
colonoscopies yearly

• ADR 7.4 to 52.5%

• follow-up 6 months to 10 years - 
712 interval cancers found

Douglas A. Corley et al. Adenoma Detection Rate and Risk of Colorectal Cancer and Death. N Engl J Med 2014;370:1298-306.

each 1% increase in the ADR is 
estimated to correspond to a
3% reduction in cancer risk



Variables in polyp search

• endoscopist experience
• bowel preparation
• withdrawal time – observation time
• rectal retroflexion
• virtual (probably marginally better for detection itself) and/or conventional 

chromoendoscopy
• HD scopes
• wide-angle scopes
• transparent cap 
• fold-flattering device

Raf Bisschops et al. ESGE Guideline on advanced imaging for detection and differentiation of colorectal neoplasia. Endoscopy 2019; 51
Zhao S et al. Gastroenterology 2019;156:1661–1674



Critical outcomes in screening colonosocopy

• ADR (PDR)

• AMR

• CRC incidence

• CRC-related mortality

• PCCRC incidence

• how does the use of CADe reflexes to these?



COLO-DETECT trial

• a multicentre, open-label, parallel-arm, pragmatic randomised 
controlled trial

• CADe (GI Genius) vs routine colonoscopy practice in a real-world
setting: 
• screening population (FIT positive)

• symptomatic

• surveillance (positive personal or family history of CRC)

• expert and non-expert colonoscopists

• teaching and general hospitals



COLO-DETECT trial

Alexander Seager et al. COLO-DETECT trial. Lancet Gastroenterol Hepatol. 2024; 9:911-23

8.3% increase in ADR - > 25% reduction in PCCRC and 40% reduction in fatal CRC
3.0% increase in SSL detection rate could equate to a 23% reduction in PCCRC

SSL detection = PD 3% [95% CI 0.4-5.5]; adjusted OR 1.46 [95% CI 1.07-1.99], p=0.017



CADe colonoscopy vs colonoscopy without CADe -
microsimulation modeling: primary CRC outcomes 

Michael Bretthauer et al. ESGE Position Statement on the use of CADe colonoscopy in colorectal cancer screening and surveillance. Endoscopy 2025



CADe colonoscopy vs colonoscopy without CADe -
microsimulation modeling: primary CRC outcomes 



CADe colonoscopy vs colonoscopy without CADe -
microsimulation modeling: primary CRC outcomes 

Michael Bretthauer et al. ESGE Position Statement on the use of CADe colonoscopy in colorectal cancer screening and surveillance. Endoscopy 2025



Studies on CADe

• primarily focused on “performance metrics”, such as ADR, rather than 
patient-centered outcomes like the incidence of PCCRC or mortality 
rates

• the long-term impact of CADe on overall patient health has not been
addresed directy, but have been projected (it is well established that a 
higher ADR is associated with a reduced risk of PCCRC)

Mike Tzuhen Wei et al. AI–Assisted Colonoscopy in Real-World Clinical Practice: SR & MA. Clinical and Translational Gastroenterology 2024;15:e00671.
Natalie Halvorsen et al. BMJMED 2025;4:e001446. Saeed Soleymanjahi et al. AI-Assisted Colonoscopy for Polyp Detection : SR & MA. Ann Intern Med . 2024 Dec;177(12):1652-1663.
Jonathan Makar et al. Use of AI improves colonoscopy performance in adenoma detection: SR & MA. Gastrointest Endosc 2025; 101:1



Michael Bretthauer et al. ESGE Position Statement on the use of CADe colonoscopy in colorectal cancer screening and surveillance. Endoscopy 2025



Conclusions
• CADe standardises the quality of colonoscopy, serving as ‘second observer’

• CADe facts
• detecting more diminutive polyps / adenomas
• significant increase of ADR for general endoscopists (MA data); significan increase in PDR
• more resection of non-neoplastic lesions
• more survaillance endosopies (more patients are referred to surveillance after screening with CADe as 

compared with screening performed without CADe)
• prolongation of procedure < 1 minute

• CADe = operator-dependent tool with adequate mucosal exposure and meticulous 
endoscopic techniques beeing prerequisites for effective lesion detection 

• CADe cannot compensate for suboptimal procedural quality = no potential benefit form 
CADe without high quality cleaning and technique with full mucosal visualisation

• CADe + fold-flattering device

• combination of CADe, CADx i CAQ will increase the overall gain for the health system

Mike Tzuhen Wei et al. AI–Assisted Colonoscopy in Real-World Clinical Practice: SR & MA. Clinical and Translational Gastroenterology 2024;15:e00671.
Natalie Halvorsen et al. BMJMED 2025;4:e001446. Saeed Soleymanjahi et al. AI-Assisted Colonoscopy for Polyp Detection : SR & MA. Ann Intern Med . 2024 Dec;177(12):1652-1663.
Jonathan Makar et al. Use of AI improves colonoscopy performance in adenoma detection: SR & MA. Gastrointest Endosc 2025; 101:1







Role of AI in characterisation
of GI lesions













Polyp's circle



polypoid/protruding

flat or superficial

excavated

flat elevated completely flat
superficially 
depressed

non-polypoid / non-protruding

Morphology

Original publications: GIE 2003;58:6 and Endoscopy 2005;37(6):570-8;  downloaded from www.endoscopy-campus.com/ 



downloaded from www.endoscopy-campus.com/

Kudo SE et al. Nonpolypoid neoplastic lesions of the colorectal mucosa. Gastrointest Endosc. 2008 Oct;68(4 Suppl):S3-47. 

Morphology
> 10 (20) mm

the height less than half 
of diameter

http://www.endoscopy-campus.com/
http://www.endoscopy-campus.com/
http://www.endoscopy-campus.com/


Japan NBI Expert Team (JNET) classification

Sano Y et al. Dig Endosc. 2016;28(5):526-33.

Type 1 Type 2 A Type 2 B Type 3

Vessels

pattern
Invisible

▪ Regular caliber

▪ Regular distribution

(meshed/spiral pattern)

▪ Variable caliber

▪ Irregular distribution

▪ Loose vessel areas

▪ Interuption of thick vessels

Surface 

pattern

▪ Regular dark or white

spots

▪ Similar to surrounding

normal mucosa

▪ Regular

(tubular, branched, papillary)
▪ Irregular or obscure ▪ Amorphous areas

Most likely 

pathology

Hyperplastic polyp/ 

Sessile serrated polyp

Low grade intramucosal

neoplasia

High grade intramucosal

neoplasia / Shallow

submucosal invasive cancer

Deep submucosal 

invasive cancer

Examples



IJspeert JEG, et al. Gut 2015;0:1–8.
Images form https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/

clouded surface; crypts with dark spots clouded surface; irregular shape; 
indistinctive border; crypts with dark spots

https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/
https://www.endoscopy-campus.com/en/bildergalerie/polyp-classification-wasp-incl-ssa/




From: Natalie Halvorsen, Yuichi Mori. Computer-aided polyp characterization in colonoscopy: sufficient performance or not? Clin Endosc 2024;57:18-23. 

Optical diagnosis of diminutive polyps –
minimum standards



History of optical diagnosis

methylene blue or
indigo carmine 

virtual chromoendoscopy
(NBI, FICE, BLI, I-SCAN, Endocytoscopy)

AI - CADx

WLI



What does CADx currently offers?

0 or 1





Cesare Hassan et al. CADx for Leaving Colorectal Polyps In Situ: SR & MA. Ann Intern Med.2024;177:919-928.



• all studies up to 2023

• all from expert centres 

• optical diagnosis was performed by experts

• reflecting the CADe way to real-life



Roupen Djinbachian, Claire Haumesser, et al. Autonomous AI vs AI–Assisted Human Optical Diagnosis of Colorectal Polyps: RCT. Gastroenterology 2024;167:392–399

p = 0.016

resect-and-discard
threshold reached



Roupen Djinbachian, Claire Haumesser, et al. Autonomous AI vs AI–Assisted Human Optical Diagnosis of Colorectal Polyps: RCT. Gastroenterology 2024;167:392–399

leave-in-situ 
threshold reached



Tommy Rizkala et al. Accuracy of CADx Varies According to Polyp Location: SR & MA. Clinical Gastroenterology and Hepatology, 2025; 23:4:531-541



CADx challenges

• SSL characterization

• resistance to implemention of optical diagnosis in general as well as 
with the aid of CADx due to fear of:
• providing an incorrect diagnosis - leaving malignant lesion

• giving incorrect recommendations of surveillance intervals

• possible liability issues caused by optical diagnosis-driven decision-making

• endoscopists’ reliance on CADx may hamper the development of 
optical diagnostic skills of endoscopists



Conclusion

• diminutive polyps account for most of detected polys and advanced histology 
found only in <2% -> optical diagnosis without or with CADx is warranted 

• high level of accuracy for optical diagnosis in academic centers, but not in
general clinical practice

• PIVI recommendations:  
• 90% agreement with pathology-based surveillance intervals to implement “resect and 

discard” strategy
• 90% negative predictive value (NPV) for rectosigmoid adenomas to implement “diagnose 

and leave’’ strategy

• optical diagnosis saves a lot of resources
• CADx to overcome barriers to implementation of optical diagnosis and 

strategies
• more studies are needed
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