
2019.4.27

vital@snu.ac.kr

Seoul National University College of Medicine

Department of Anesthesiology and Pain Medicine

Hyung-Chul Lee, MD, PhD

mailto:vital@snu.ac.kr


input

weight

step

activation function

sigmoid



x y

1 Node

4 Node

6 Node
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relu

Geoffrey Hinton



𝑦 =
1

1 + 𝑒−(𝑏0+𝑏1𝑥1+𝑏2𝑥2… )

Sim, JACC, 2014



4 layers x 300 nodes

AUC=0.89

Input Vars 48 intraoperative
variables

Output Var In-hospital Mortality

Reference Risk Stratification Index, 
Surgical Apgar, ASA class, ...

Method FNN

Training Data 59,985 (Single center)

Test Data 20% (Randomly selected)

Performance AUC=0.89 (cf. RSI 0.97)



training samples

test samples

100 hidden nodes
100 training samples

They 
learned 
noise!



More Data

100 node
100 training samples
with noise size 0.1

100 node
1,000 training samples
with noise size 0.1



Early stopping

Training
(60-70%)

Validation
(10-20%)

Test
(20%)

최종모델성능평가용



10 nodes x 2 layers

10 + 102 + 10 = 120 weights

5 nodes x 4 layers

5 + 52 x 3 + 5 = 85 weights

Deeper Network



2014, Turing test 2016, AlphaGo
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Andrew Ng

2018.12, impact factor 33

ECG wave

Afib, AVB, Bigeminy, Junctional, …

Input Vars Single lead ECG waveform

Output Var 12 arrhythmia classification

Reference Cardiologists

Method CNN

Training Data 91,232 (Single center)

Test Data 328

Performance AUC=0.97
F-score = 0.84 
(cf. Cardiologists 0.78)



Bejnordi, JAMA, 2017

PathologyOphthalmology

Gulshan, JAMA, 2017 Lakhani, Radiology, 2017

Radiology

Detection of Diabetic Retinopathy
in Retinal Fundus Photographs

Detection of Lymph Node Metastases
in Women With Breast Cancer

AUC=0.99 AUC=0.99 AUC=0.99

Detection of Tuberculosis 
on chest radiographs

GoogLeNet+GoogLeNet GoogLeNet GoogLeNet:AlexNet=10:1



GoogLeNet

입력: 2D 이미지

출력: 분류

Inception
ModulePretrained

Weights



Transfer learning
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2018.9 Impact Factor 21

RNN vs Bojar RNN vs SAPS RNN vs KDIGO

Input Vars 52 features

Output Var Bleeding, mortality, renal failure 
within 24-hours after surgery

Reference Bleeding – Bojar
Mortality – SAPS
Renal Failure – KDIGO

Method RNN

Training Data 11,492 (Single center)

Test Data 53,423 (MIMIC-III)

Performance Bleeding AUC=0.87 (cf. 0.58)
Mortality AUC=0.95 (cf. 0.71) 
Renal Failure AUC=0.96 (cf. 0.72)



Decision Tree

Gradient 
Boosting 
Machine

𝑦 =
1

1 + 𝑒−(𝑏0+𝑏1𝑥1+𝑏2𝑥2… )





CCM 2018

ICU mortality prediction
AUC 0.94 cf. APACHE score (0.8)

Input Vars 17 features (lab, vital signs)

Output Var In-hospital Mortality

Reference (-)

Method Gradient Boosting Machine

Training Data 146,982 (36 hospitals)
90,191 (17 hospitals)

Test Data 17 hospitals

Performance AUC=0.94 (17 features)
AUC=0.91 (14 features)



AUC 0.90

JCM 2018

AKI prediction
AUC 0.90

CCM 2018

CCM 2018



Surgery 2018

Postop Bleeding
AUC 0.82

Mortality after chemotherapy
AUC 0.94

JAMA Open 2018
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