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AI and Robots are coming in fast



AI will have impact at three different levels

Clinician: Rapid and accurate image interpretation 

Health system: improve efficiency and allocation of resources

Patient: Promote personal health by processing own data
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Clinician: Rapid and accurate image interpretation 

• Radiology, Pathology, Neurology, Gastroenterology, Cardiology

Health system: improve efficiency and allocation of resources

Patient: Promote personal health by processing own data





Radiology/Pathology/Gastroenterology

Specialty Images Publications

Radiology CT head in acute neurological events
CT brain for intracranial hemorrhage
CXR for metastatic lung nodules
Mammography for breast cancer screening

Titano et al. Nat Med 2018
Arbabshirani et al. Digital Med 2018
Nam et al. Radiology 2018
Lehman et al. Radiology 2018

Pathology Breast cancer
Lung cancer
Brain tumor

Ehteshami et al. JAMA 2017
Coudray et al. Nat Med 2018
Capper et al. Nature 2018

Gastroenterology Polyps at colonoscopy 
Capsule endoscopy 

Mori et al. Ann Intern Med 2018
Wang et al. Gastroenterol 2019

Cardiology Echocardiography Medani et al. 
Zhang et al.





Ideal automatic polyp detection

• High sensitivity for detection of polyp

• Decreased rate of false positives

• Low latency so that polyps can be tracked 
and identified in near-real time



Computer-aided detection



Better than human guessing



AI in Endoscopy

• Detection (Macroscopic)
• Alert endoscopists using a marker 

/ sound when AI suspect presence 
of pathology (polyp)

• Characterization (Magnify)
• Predict pathology through 

classification

• Selective resection 

• Cost saving



AI in Endoscopy

• Pathology (Real time 
cytology)
• 500x ultramagnification

• Diagnosis basing on 
findings from cellular 
observation

• Images fixed size for robust 
image analysis

• 90% accuracy in 
identification of adenoma

• 0.2 second latency

Mori Y, Kudo SE, Berzin TM, Misawa M, Takeda K.

Endoscopy. 2017 Aug;49(8):813-819.



AI System for capsule endoscopy

AI-BOX Capsule Endoscopy Image Reading 
System Configurations

ESView Software 

System Design



Data for training and validation 

• Training Data – for developing AI software 

• 158,235 CE images

• from 1970 patients. 

• Validation data - Retrospective Study 

• 113,268,334 images 

• from 5000 patients

Gastroenterology. 2019 Jun 25. pii: S0016-5085(19)41032-9.



Validation of AI algorithm

• How to handle the discordant
• When a diagnostic agreement was 

reached between conventional and 
CNN-based auxiliary reading, no 
further evaluation was carried out. 

• In case of a discordant final diagnosis 
and/or different lesions observed, 20 
gastroenterologists sat together, and 
the images of the patient would be re-
evaluated to confirm or reject the 
discordance. 

• Only were the final consensus 
diagnoses considered as the reference 
standard of diagnosis. 



Validation of AI algorithm

Image of Different Lesions in 

Small Bowel

Every lesions include three images: 
the left one is original image shot 
by NaviCamTM system; the middle 
one is heatmap by AI; the right one 
is merge of two images.

A, inflammation; B, polypus; C, 

ulcer; D, lymphangiectasia; E, 

lymphatic follicular hyperplasia; F, 

diverticulum; G, parasite; H, 

protrusive lesion; I, bleeding; J, 

vascular disease.



Improved diagnosis at a shorter time

Type of intestine lesions Conventional reading
CNN-based auxiliary 

reading

Total 3154 4144

Inflammation 1577 1663

lymphangiectasia 373 770

Ulcer 365 372

Polypus 204 285

Protrusive lesion 126 238

Lymphatic follicullar hyperplasia 120 263

Vascular disease 128 178

Bleeding 31 40

Parasite 16 16

Diverticulum 6 6

Others 213 320

Higher Lesion Detection Rate Across Board

74.57% 76.89%

99.88% 99.90%
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Mammography for Breast Cancer Screening



Prediction of Liver Fibrosis Diagnosis of liver cancer









AI will have impact at three different levels

Clinician: Rapid and accurate image interpretation 

Health system: improve efficiency and allocation of resources

• Prediction of key outcome- mortality and morbidity

Patient: Promote personal health by processing own data



Machine- and Deep-learning algorithm 
predicting clinical outcome 

Prediction N AUC Publication

In-hospital mortality, unplanned 
readmission, prolonged LOS

216,221 0.93, 0.75, 
0.85

Rajkomar et al

All cause 3-12 month mortality 221,284 0.93 Avati et al

Developing diseases 704,587 range Miotto et al

Alzheimer’s Disease 273 0.91 Cleret de Langavant
et al

Mortality after cancer chemotherapy 26,946 0.94 Elfiky et al

Disease onset for 133 conditions 298,000 range Razavian et al

Suicide 5,543 0.84 Walsh et al



What is the 
consequence of
wrong prediction?

Is it possible 
to connect to
eMR?



Validation of a machine learning model that 
outperforms clinical risk scoring system for UGIB

Shung et al. Gastroenterol 2019 (in press)

Outcome:
1. Transfusion
2. Intervention
3. Die within 30 days



Machine Learning Model vs Clinical Models

Category Parameters

Demographic Age
Sex

Co-morbidity ASA score
Ischemic heart disease
Cardiac failure, Renal failure, Liver disease
Any malignancy

Medication Aspirin, thienopyridines
Anti-coagulants
NSAID

Clinical feature at 
presentation

Pulse, systolic BP
Syncope, altered mental state
Melena, hematochezia

Initial Lab value Hb, Urea, Cr, Albumin, INR



Validation of a machine learning model that 
outperforms clinical risk scoring system for UGIB

Shung et al. Gastroenterol 2019 (in press)



Prediction of outcome impact on treatment 
and allocation of resources

Prediction N AUC Publication

In-hospital mortality, unplanned 
readmission, prolonged LOS

216,221 0.93, 0.75, 
0.85

Rajkomar et al

All cause 3-12 month mortality 221,284 0.93 Avati et al

Developing diseases 704,587 range Miotto et al

Alzheimer’s Disease 273 0.91 Cleret de Langavant
et al

Mortality after cancer chemotherapy 26,946 0.94 Elfiky et al

Disease onset for 133 conditions 298,000 range Razavian et al

Suicide 5,543 0.84 Walsh et al







AI will have impact at three different levels

Clinician: Rapid and accurate image interpretation 

Health system: improve efficiency and allocation of resources

Patient: Promote personal health by processing own data

• Machine vision- clinician handwashing, ICU patient movement, Falling

• Wearable monitors- BP, HR, rhythm, PaO2, ToC, Respiration

• Nearest-neighbor analysis- providing the easiest access to health service













With tons of digital health data available, do we know 
how to interpret and make sense out of them?



Problems that may arise from wearable 
device?
• There is a lack of validation study to show that these digital 

parameters are useful

• False-positive and false-negative results 

• Choosing the right person for the right device

• AI to monitor patient compliance: how reliable it is?

• Data privacy is a concern



Challenges of using AI and Robots in Medicine



Inherent biases in the data used to train AI system



Ensuring data security for privacy 



Securing TRUST in the use of AI technology

The problem with Watson for Oncology was that doctors 
simply didn’t trust it. Human trust is often based on our 
understanding of how other people think and having 
experience of their reliability. This helps create a psychological 
feeling of safety. 

AI, on the other hand, is still fairly new and unfamiliar to most 
people. It makes decisions using a complex system of analysis 
to identify potentially hidden patterns and weak signals from 
large amounts of data.

AI’s decision-making process is usually too difficult for people 
to understand. And interacting with something we don’t 
understand can cause anxiety and make us feel like we’re 
losing control. 

Guardian Nov 3 2017. Why we can’t leave AI in the hands of big tech



People’s sense of dignity and social isolation 
in care environment



Step-wise shifting of responsibility 

• Automobile industry: J3016™ ‘Levels of Driving 
Automation’ standard, SAE International



Step-wise shifting of responsibility 
• Levels of AI-assisted decision in diagnosis and 

clinical management

Sung and Poon. JGH 2019
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Will AI take over everything?

• A thousand algorithm producing a thousand 
management

• Garbage in, garbage out

• Trust… by patients and by doctors

• Predicted outcome: do I really want it?

• Legal responsibility 

• Artificial intelligence vs Artificial humanity


