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學習目標

•數位化、智慧醫療

•人工智慧應用在心臟學

•高醫的人工智慧醫療發展

Old school vs Now 過去與現在

Modified from Leslie Saxon`s presentation in HRS 2019
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Incredible speed of change 劇變

Modified from Leslie Saxon`s presentation in HRS 2019

Care of Life 生命照顧

Modified from Leslie Saxon`s presentation in HRS 2019
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Traditional vs Digital Health傳統vs 數位

Modified from Leslie Saxon`s presentation in HRS 2019

The Four Industrial Revolutions 工業革命

1784 1870 1969 Now
https://www.industryleadersmagazine.com/ready-fourth-industrial-revolution/
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Luddite

盧德主義者

https://commons.wikimedia.org/wiki/File:FrameBreaking-1812.jpg

Artificial Intelligence (AI) 人工智慧

Modified from David Scheer`s presentation in HRS 2019
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Mobile technology & digitization of healthcare
行動技術與數位健康照護

EHJ 2016;37(18):1428-1438

Mobile technology & digitization of healthcare
行動技術與數位健康照護

EHJ 2016;37(18):1428-1438

11

12



10/6/2020

7

Personalized Path in managing Arrhythmia
個人化路徑處理心律不整

Modified from Nassir Marrouche`s presentation in HRS 2019

AI, we must lead!

• Clinic

• Research
• Supportive

• Business

• Cost

• Quality

• Privacy

• Security

Patient 
& data

Government 
Regulation

Health care 
system

Industry
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Patient Perspective 病人的觀點
• Want regular updated from health care system

• Want access to data via EMR portal

• Want basic information of their CIED

• Consumer devices to help diagnosis

Privacy

Security

Know

Cardiovascular Implantable Electronic Device (CIED)

Electronic medical record （EMR）

Wearable Fitness Trackers and Heart Disease
穿戴式瘦身追蹤器與心臟疾病

JAMA Cardiol. 2016;1(2):239.
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Digital Health Tools for Arrhythmia identification
用來偵測心律不整的數位化健康工具

Modified from Jacqueline Shreibati`s presentation in HRS 2019

Wearables data sharing
穿戴式資料的分享

Modified from David Scheer`s presentation in HRS 2019
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Step Back and Ask

• What?

• Where?

• Regulated by FDA?

• Should I Trust?

• Interpret?

• Useful?

Government Perspective 政府觀點

• Reduce inefficiencies

• Improve access

• Reduce cost

• Increase quality

• Engage patients

IMDF

FDA

Regulatory 
Paradigm

International Medical Device Regulators Forum（IMDF）
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FDA – Digital health

https://www.fda.gov/medical-devices/digital-health

Digital Health Tools : FDA-Cleared
食品藥物管制局核可的數位健康工具

Modified from Jacqueline Shreibati`s presentation in HRS 2019
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Devices of AI 相關的裝置

CIED Wearables

Medical grade

Wearables

Consumer Devices
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Rhythm Abnormalities & Wearable Devices
心律失常與穿戴式裝置

JAMA. 2019;321(11):1098-1099

Confirm by ECG or 

ambulatory ECG monitoring!

Health Care System Perspective
健康照護系統的觀點

• CIED 

• Remote

• New Medical devices

• New Consumer devices

• Big data

• Research
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Big data &
Electronic health records 

(EHR)

Scalable and accurate deep learning with EHR
以深度學習來對電子病歷紀錄做解讀

npj Digital Medicine 2018;1:18
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Scalable and accurate deep learning with EHR
以深度學習來對電子病歷紀錄做解讀

npj Digital Medicine 2018;1:18

In patient mortality

AI + 
new Devices

29

30



10/6/2020

16

Mobile technology & digitization of healthcare
行動技術與數位健康照護

EHJ 2016;37(18):1428-1438

Using smart watch and AI to detect AF
使用智慧手錶與人工智慧來偵測心房顫動

JAMA Cardiol. 2018;3(5):409-416

DNN, heuristic pretraining

Photoplethysmography
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Am Heart J. 2019;207:66-75
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N Engl J Med 2019;381:1909-17.
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Cardiologist-level arrhythmia detection and 
classification in ambulatory ECG using DNN

Nat Med. 2019;25(1):65-69>DNN

Cardiologist-level arrhythmia detection and 
classification in ambulatory ECG using DNN

Nat Med. 2019;25(1):65-69
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AI + 
old Devices

Using AI-ECG to screen LV dysfunction
使用人工智慧-心電圖來搜尋左心室失常

Nat Med. 2019;25(1):70-74
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Using AI-ECG to screen LV dysfunction
使用人工智慧-心電圖來搜尋左心室失常

Nat Med. 2019;25(1):70-74CNN

Using AI-ECG to screen LV dysfunction
使用人工智慧-心電圖來搜尋左心室失常

Nat Med. 2019;25(1):70-74
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Industry Perspective 產業的觀點
• Supportive

• Changing relationships

• Remote CIED 

• New devices

• Regulatory requirements

• Business model

CORA

Modified from Leslie Saxon`s presentation in HRS 2019
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Implant-based multiparameter telemonitoring of 
patients with   heart failure (IN-TIME)

Lancet. 2014;384(9943):583-590

• Clinic

• Research
• Supportive

• Business

• Cost

• Quality

• Privacy

• Security

Patient 
& data

Government 
Regulation

Health care 
system

Industry

Digital Health
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Prediction of cardiac arrest by machine learning
以機器學習來預測心跳休止

Crit Care. 2012 Jun 21;16(3):R108
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Prediction of cardiac arrest by machine learning
以機器學習來預測心跳休止

Crit Care. 2012 Jun 21;16(3):R108Cardiac arrest within 72 hours Death after admission

-- ML --

Age

HRV

Vital signs

SVM

Prediction of cardiac arrest by machine learning
以機器學習來預測心跳休止

Crit Care. 2012 Jun 21;16(3):R108
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ECG prior to in-hospital cardiac arrest
在院心跳休止前的心電圖變化

J Clin Monit Comput (2015) 29:385–392

ECG prior to in-hospital cardiac arrest
在院心跳休止前的心電圖變化

J Clin Monit Comput (2015) 29:385–392
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Deep Learning for SCA Detection in AED
搭配深度學習的自動體外心臟去顫器來偵測猝死

Sci Rep. 2018 Nov 21;8(1):17196

Deep Learning for SCA Detection in AED
搭配深度學習的自動體外心臟去顫器來偵測猝死

Sci Rep. 2018 Nov 21;8(1):17196
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An Algorithm Based on Deep Learning for 
Predicting In-Hospital Cardiac Arrest

J Am Heart Assoc. 2018 Jun 26;7(13)Deep learning – based early warning system (DEWS) 

An Algorithm Based on Deep Learning for 
Predicting In-Hospital Cardiac Arrest

J Am Heart Assoc. 2018 Jun 26;7(13)
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An Algorithm Based on Deep Learning for 
Predicting In-Hospital Cardiac Arrest

J Am Heart Assoc. 2018 Jun 26;7(13)

Machine Learning Algorithm in Estimating 
Mortality Risk in Cardiac Surgery.

Ann Thorac Surg. 2019 Nov 7. pii: S0003-4975(19)31620-0XGBoost
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Predicting Cardiac Arrest and Respiratory Failure 
Using AI with Simple Trajectories of Patient Data.

J Clin Med. 2019 Aug 29;8(9)

RNN

Predicting Cardiac Arrest and Respiratory Failure 
Using AI with Simple Trajectories of Patient Data.

J Clin Med. 2019 Aug 29;8(9)
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Predicting Cardiac Arrest and Respiratory Failure 
Using AI with Simple Trajectories of Patient Data.

J Clin Med. 2019 Aug 29;8(9)

Acute Respiratory failure Cardiac Arrest

AI predicts MI and cardiac death based on 
clinical risk, CAC, and EAT

Cardiovasc Res. 2019 Dec 19. pii: cvz321

Coronary artery calcium (CAC) 

epicardial adipose tissue (EAT)

CNN + XGBoost

+ Repeated cross-validation
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AI predicts MI and cardiac death based on 
clinical risk, CAC, and EAT

Cardiovasc Res. 2019 Dec 19. pii: cvz321

AI for screen hyperkalemia
以人工智慧來篩檢高血鉀

JAMA Cardiol. 2019;4(5):428-436.CNN
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AI for screen hyperkalemia
以人工智慧來篩檢高血鉀

JAMA Cardiol. 2019;4(5):428-436.

4-lead ECG is better than 2-lead ECG

中山高醫 AI 合作計畫
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高醫中山合作 AI 團隊成員
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科技部計畫

目前成果
• 機器學習應用於心電圖心跳模式之分類研究

Applying Machine Learning on Classification of Electrocardiogram 

Heartbeat Patterns

• Dataset

• MIT-BIH arrhythmia database

• KMUH ECG data
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1.計算點與點間斜率

2.波形線條區域平滑化

3.重新計算斜率

4.偵測R波頂點

5.偵測Q及S波頂點

6.偵測P及T波頂點

7.修正頂點位置

8.尋找基準線位置
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1. Nearest：鄰近點內插法

2. Linear：線性內插法

3. Spline：三次樣條數據內插法

• 透過SCC-I的分群，得到每個群的中心點及偏
差值，能夠將較相似形狀的波歸為同一群，藉
此將其所代表的資訊做一個切割，將結果作為
RBF隱藏層的參數使用。

SCC-I clustering
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深度學習模型

Input

Conv1D Conv1DReLU ReLU Pooling

FC ReLU FC Softmax Output

x5

卷積神經網路(Convolutional Neural Networks, CNN)

性能評估指標
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2.57MB 17 kb

去識別化！ 檔案縮小僅 0.7%！ Labeling 程式！
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心電圖波形識別

心電圖波形內差

原始：166 pixel 內插後：180 pixel
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診斷預測準確度

• 心電圖心跳偵測及分類方法

• 內插法將資料轉換為相同維度

• 解決訓練模型時，輸入須為相同維度的問題

Type Accuracy 𝑃+ Se F-measure

Our method 0.8454 0.8405 0.9277 0.8819

SVM-linear 0.7965 0.8226 0.8540 0.8380

SVM-RBF 0.7268 0.6946 0.9981 0.8192

KNN 0.7750 0.8102 0.8380 0.8239

目前發表 poster@ WCRAI 2019
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目前發表 – Conference paper

CISP-BMEI 2019

ECG data

CNN

RNN

clinic/death

information

Classification

NSR

NSR

CNN+RNNCombination

Non-NSR

Non-NSR
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Continuous Remote ECG monitor for 1-3M
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BST-VT2000 訊號分析
• 副檔名：『.vts』&『.vtx』

• 檔案編碼：Hex 16進制 Raw data

• 檔頭 Header：200 bytes

• Amplitude：0~255 (9.7 mV)

• ECG data：

▪ .vts：Sample rate = 300Hz

▪ .vtx：Sample rate = 1200Hz

.vts.vtx

CCU無線ECG系統擷取心律不整
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Summary 摘要

• Digital health in cardiology

• AI enhance lifecare in cardiology

• To predict mortality and morbidity!

• To make precision medicine possible!
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Thank you for your attention!

蔡維中 k920265@gap.kmu.edu.tw
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