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Integrity, Deep Learning
Love our country & people worldwide



Essentials of AI

• 1. Big Clean Data (90%)
• 2. Supercomputers with GPUs (7~9%)
• 3. Deep Learning Algorithms (3~1%)
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AI Applications in Medical Domain

• 1. Image (Now)
• 2. EMR (To Be)
• 3. Gene, Life Style and Environment (Will Be)
• 4. Protein–Protein interactions (May Be)
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Outline 

• Integrated Medical Database, iMD-Taiwan
• What is Precision Medicine?
• Preliminary results of Gene and EMR
• Preliminary results of Life Styles & 

Environment Open Data
• PM to-do-list
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 Taiwan National Health Databases
Database Main information Data period/

Data point

National Health Insurance 
Research Database

outpatient, inpatient, emergency, dental, and traditional 
Chinese medicine: diagnosis and treatment procedure (ICD 
code), medication use, utilization, age, sex, occupation, 
hospitalizations, clinical visits, cost

1998 – 2017
48,414,163,600

Registry for Catastrophic 
Illness

catastrophic illness (ICD code), disease type, approval/valid 
date, death mark/date

2001 – 2017
4,795,498

Birth Certificate pregnant nationality/week/time, delivery way, 
complication, newborn status/weight/defect, baby number

2001 – 2016
3,400,487

Cause of Death date of death, cause of death, death place, marriage status 1971 – 2017
6,981,999

Cancer Registry tumor size/TNM stage/histology/behavior/grade, diagnosis 
date/pattern, therapeutic type, invasion of lymph node

1979 – 2015
3,987,369

Cancer Screening (included 
in MyHealthBank)

colorectal: fecal occult blood test, test result
breast: mammography, family/MC history
oral: oral mucosa, betel nut chewing/smoke
cervix: pap smear test, pathology

2004 – 2014
63,225,491



Comparison between Taiwan National Health Database 
and Hospital EMR

 National Health Insurance Research DB Hospital EMR

Strengths

1. Nationwide population
2. Constructing longitudinal histories for 

cohort study design

1. Include potentially important factors in 
clinical studies, such as laboratory data, 
image findings, smoking, alcohol use, 
exercise, diet, and family history

2. Include information of over-the-counter 
(OTC) procedure

3. Real time
4. Detailed information of disease severity
5. Detailed timing information of 

medications and procedures

Weaknesses

1. Without potentially important factors in 
clinical studies, such as laboratory data, 
image findings, smoking, alcohol use, 
exercise, diet, and family history

2. Without information of over-the-counter 
(OTC) procedure

3. The time lag for database released to the 
public could be as long as 12 to 24 months

4. Difficult to identify disease severity
5. Without timing information among events 

during hospitalization

1. Without follow-up information and status 
of patients, such as readmission, 
complication, and long-term prognosis

2. No medical visit records by any other 
medical institutions in Taiwan

3. Do not link with other public health 
databases



Taiwan 
Integrated 

Medical 
Database

National Health 
Insurance Research 

Database

Hospital Electronic 
Medical Record

Picture archiving and 
communication 

system

Laboratory 
information system

Hospital information 
system

Ambulatory care 
expenditures

 Inpatient 
expenditures

Detail of orders

Chart No. & 
ID No.

FEE_YM + HOSP_ID + 
APPL_TYPE + 
APPL_DATE + 

CASE_TYPE + SEQ_NO

Genetic 
Disease

Cancer 
Registry & 
Screening

Cause of 
death

Health
 examination

ID No.

Databases integration



Outline 

• Integrated Medical Database, iMD-Taiwan
• What is Precision Medicine?
• Preliminary results of Gene and EMR
• Preliminary results of Life Styles & 

Environment Open Data
• PM to-do-list
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PHR (screened & forwarded)

EMR, Gene, 
BioBank

Life Style,
Vital Signs,
Environmental 
Condition
PM 2.5

Advice

Service AllianceData & Information flow

EMR

Health CloudClinicS Hospital

Telehealthcare 
center,

Long-term care

…

PHR
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Outline 

• Integrated Medical Database, iMD-Taiwan
• What is Precision Medicine?
• Preliminary results of EMR and Gene
• Preliminary results of Life Styles & 

Environment Open Data
• PM to-do-list
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Background 

• When expert coding, a patient takes about 20 to 40 
minutes 

• Coding is both laborious and time consuming



ICD-10 (extreme multi labeling problem)



Objectives

–Build an automated ICD-10 coding system by machine 
learning methods



Missing value problems, different 
length, unbalanced labels



Data description

• ICD-10 CM code: 12,291
• Data volume: 144,120
• Training data type:

–Chief complaint
–Progress
–History
–Pathology report
–Physical examination
–Discharge diagnosis
–Transfer out of ICU diagnosis



Data distribution
- discharge diagnosis 139,565

• Max length: 306 
• unique words: 14,858



Data distribution
- pathology report 83,384

• Max length: 354 
• unique words: 3,023 

(too little)



Data distribution
- transfer out of ICU diagnosis 7,973 (too little)

• Max length: 270 
• unique words: 4,048



Data preprocessing 

1. converting into lower case
2. removing stop words (the, is, at, 

which, on)
3. eliminated the words, not medical 

related, less appearing



Feature extraction
- Word2vec

• Created by a team of researchers led by Tomas Mikolov 
at Google

• A group of related models that are used to 
produce word embedding



Feature extraction
- Word2vec



Classification algorithm
- Recurrent: 1, Dense: 4, Convolutional: not help here



21-label F1 score

• Chief complaint: 0.572
• Progress: 0.695
• History: 0.692
• Pathology report: 0.443
• Physical examination: 0.583
• Discharge diagnosis: 0.876
• ICU diagnosis: 0.658



The first three digits prediction W59

• Max length: 306
• Unique words: 14,858
• Min count: 5
• Embedding dim: 300
• Total code: 1,598
• F1 score: 0.715



All label prediction W59.22, I25.119X

• Max length: 306
• Unique words: 14,858
• Min count: 5
• Embedding dim: 300
• Total code: 12,291
• F1 score: 0.66

• ICD 9, 0.41 achieved by Google
• (n: 85,522), Nature, digital medicine
• 08 May 2018 



Web ICD10 predictor

26Contact info.: hb2506.t619@gmail.com

Input free text 
diagnosis

Predict 20th highest 
ICD10 codes



Problem

• Difficult to learn, more than 4,000 ICD 10 
codes appear just once!

• Spelling error, mixed with Chinese
• Golden standard not built
• Abbreviation
• Combinational codes
• Standard usage
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Data Aggregation (心肌梗塞) 
Concept ID: A SNOMED CT Identifier that uniquely identifies a 

Concept (meaning).

Term Description ID Concept ID
myocardial infarction 37436014 22298006

cardiac infarction 37442013 22298006

heart attack 37443015 22298006

myocardial infarct 1784873012 22298006

MI - Myocardial 
infarction

1784872019 22298006

infarction of heart 37441018 22298006
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9/18/2019 29

LOINC codes are created systematically using a six axis model

<component> : <property> :
<timing> : <body system> :
<scale> : <method>

General Form of Clinical LOINC Names

The first 5 parts are mandatory, but method is 
optional.

8331-1 Body Temperature: TEMP: PT: MOUTH: QN



Fast Healthcare Interoperability Resources 
(FHIR)

• id: example
• status: final
• category: Vital Signs (Details: {http://hl7.org/fhir/observation-category code 'vital-signs' = 

'Vital Signs', given as 'Vital Signs'})
• code: Body Weight (Details: {LOINC code '29463-7' = 'Body weight', given as 'Body Weight'}; 

{LOINC code '3141-9' = 'Body weight Measured', given as 'Body weight Measured'}; 
{SNOMED CT code '27113001' = 'Body weight', given as 'Body weight'}; 
{http://acme.org/devices/clinical-codes code 'body-weight' = 'body-weight', given as 'Body 
Weight'})

• subject: Patient/example
• context: Encounter/example
• effective: 28/03/2016
• value: 185 lbs (Details: UCUM code [lb_av] = 'lb_av')
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Could rapid NGS benefit Pediatric 
emergent/intensive care?

http://greysanatomy.wikia.com/wiki/If_Only_You_Were_Lonely?file=8x16-17.jpg

Let me know the 
genetic testing result 
as soon as possible.

I rely on it for my 
decision in the care 

of this baby!
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Rapid Whole Exome Sequencing for 
Pediatric Intensive Care Unit

Modified from Meng LY, et al. ACMG poster 2018

Turn-around time: 7 days
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DNA
Extraction

& QC
Library Capture Sequencing Variant calling Clinical 

reading

2 hrs 8 hrs 19 hrs 29 hrs 1 hr9 hrs

NTUH NTUHBy sequencer company



Rapid Whole Exome Sequencing
2nd Phase

Modified from Meng LY, et al. ACMG poster 2018

Turn-around time: 6 days
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Rapid Whole Exome Sequencing
3rd Phase

Modified from Meng LY, et al. ACMG poster 2018

Turn-around time: 3 days
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DNA
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Whole Exome Sequencing

Alignment and Variant Calling

MViewer

Web Application

Single User Program 

SNVs and small Indels Annotated from wANNOVAR

1. Query other Databases
a. Human Gene Mutation Database
b. Online Mendelian Inheritance in Man
c. Taiwan Biobank
d. ClinVar
e. Nirvana
f. Variant Effect Predictor

2. Trio Analysis

3. Filter

4. Interpretation Tool

Clinical Report Database

Variants Prioritizer

Gene Ranking List
(Result)

Candidate 
Genes Keywords

EMRs

Rank Candidate Genes 
based on Text-Mining

Web Application

Web-based MViewer + 
Variants Prioritizer



Result and Discussion – AMELIE 
(Stanford) and VarElect (Genecards)

Rank 1 2-5 6-10 11-20 21-50 51-100 Over 100
Variants 
Prioritizer

15 10 3 2 1 0 1
46.88% 31.25% 9.38% 6.25% 3.13% 0.00% 3.13%

AMELIE
4 13 2 3 6 2 1

12.5% 40.63% 6.25% 9.38% 18.75% 6.25% 3.13%

VarElect
12 13 1 1 3 2 0

37.5% 40.63% 3.13% 3.13% 9.38% 6.25% 0.00%

Rank 1 1-5 1-10 1-20 1-50 1-100 Over 100
Variants 
Prioritizer

15 25 28 30 31 31 32
46.88% 78.13% 87.5% 93.75% 96.88% 96.88% 100.00%

AMELIE
4 17 19 22 28 30 31

12.5% 53.13% 59.38% 68.75% 87.5% 93.75% 96.88%

VarElect
12 25 26 27 30 32 32

37.5% 78.13% 81.25% 84.38% 93.75% 100.00% 100.00%



Outline 

• Integrated Medical Database, iMD-Taiwan
• What is Precision Medicine?
• Preliminary results of Gene and EMR
• Preliminary results of Life Styles & 

Environment Open Data
• PM to-do-list
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The Architecture of Life style and 
Environment Information System

Environmental Data

Environment and Health Information

AQI, CO, O3, NO2, PM2.5, 
PM10, SO2, UVI, Humidity, 

Temperature

Upload Physiological Data

Upload Physiological Data Fitbit API

Garmin Health API

Smart Phone Sensor Data

Open API

Upload Environmental Data EDIMAX API

● Health Related Datasets 
● Environment Related Datasets

Personal Health Advice 
APP

Doctor observe platform

Hospital Data Analytics

Input Valuable Data
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Fitbit Versa Smart Watch

Personal Health Data
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Valuable Health Data

steps, floors, 
distance, 
calories

Heart rate

Sleep 
Hypnogram



Outdoor Environmental 
Monitoring

4
0

Open Data Application
▪ Source: EPA, CWB

▪ Government Open Data API: Real-time and Historical

▪ Data Integration: 

        - Data preprocessing (Different open data schema) 

        - Import environmental standards



Outline 

• Integrated Medical Database, iMD-Taiwan
• What is Precision Medicine?
• Preliminary results of Gene and EMR
• Preliminary results of Life Styles & 

Environment Open Data
• NTUH PM to-do-list & future work

41



To-Do-List

42

• Integrate NHI MyHealthBank - to get complete 
EMR

• Integrate post acute, long term, hospice care - 
to get complete EHR

• Use environmental sensors to get 
environment & climate open data

• Promote mobile healthcare to get complete 
life style data, SmartPhone + SmartWatch



To-Do-List

• Lab. Data transformed to LOINC forms 
(RELMA)

• EMR transformed to SNOMED form
• Diseases management platform and service
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