- W - MW

Innovation Adcountability

=P rARET ‘F.?é’ a5 Do
Taichung Veterans General Hospital
2023 HIIREBEFHERERS - ESBEMNE

= ] 50 22 B2 e . 471

b £ #8 Kun-Hui Chen

EEEEREERT TR
RARENEZESEE HTR
y= o B o = =

Aug. 11, 2023



Smart Hospital
from
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3 stages of digital transformation WEa

« Digitization (Digital Enablement) :
— from nondigital to digital form of information
— (ex. Paper to excel files)

 Digitalization (Digital Optimization, Doing More with Less) :
— from nondigital to digital form of process and people

— From snail mail, telephone calls to email, chat, social media) in work, business,
social and leisure domains.

— Automation is a major part of the digitalization story
— Enterprise-wide, Buriness models still then same



3 stages of digital transformation WEa

- Digital transformation (Exploring New Apporaches to Business) :
— far beyond digitalization

— Broader, Innovative and disruptive

— Organizational/Culture change

— Customer-driven strategic business transformation
— New business model creation

From Harvard Business Review, Forbes, Binomi:



Support from High Table

John Wick
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Our superintendent, Prof. Shih-An Chen [R#E %P3 &, leads
the team to achieve the most intelligent, cutting-edge, and
precise medical care, build an excellent medical care
environment, benefit our patients and employees, and
create well-being and compassion.

Taichung Veterans General Hospital has established itself as
a world-class medical center to embody the spirit of “never
stop growing” through clinical and research innovation.

Publied .. ha0m Coon e [ soarch |

491 Af related articles

Prof. Shih-An Chen
Superintendent, TCVGH



Taichung Veterans General Hospital -- P
Newsweek World’s Best Smart Hospital 2023 G-

TCVGH is the first and the only hospital in Taiwan
which was recognized as one of the world’s best smart hospitals

Newsweek a DD =

P SUBSCRIBE FOR $1 > ==

Taichung Veterans .
254 General Hospital Taichung
Sman & iy ﬂé% | 255 Bispebjerg Hospital Bispebjerg
SRS | 2023 Serlandet Sykehus s
HUS[]H&L & | 256 Keicilasaacd Kristiansand
257 Jeroen Bosch §-
Ziekenhuis Hertogenbosch

https://www.newsweek.com/rankings/worlds-best-smart-hospitals-2023
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In hospital big data 11
program
In hospital Al program 37
VGHTC/NYCU smart 16
health Al program
University collaboration

32
Al program

Totally 96 projects

( Others A
(Dashboard,

robotlc NLP, / )

APP-10T-5G

. telemedicine
consultatlon /

/ Gene/cohort

research

39

Image (XR,

preprocessing

Data Mining

processing /
(ECG EEG..)

Py

/ Structural,

physiological /
clinical data

AR-VR-XR
/ education of /
pts/student
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2022-2023 Goal in Smart Hospital Program(s@s )

Cloud Computing/Edge Computing 'l@‘) Al-OPD
— T\ -
Structural EMR, Reports 9 NLP in healthcare
© Al model deploy/Federal L [
)) 5G AloT data platform =) Al model deploy/Federal Learning
| - - International Smart Healthcare
e e-Telemedicine :’ Summit

17




Support from IT Department
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Hospital Information System Overview

)

®Hospital Portal System
®Outpatient Reservation System
®Patient APP

@Chatbot System

@Smart Services

®CRM Services System
®Telehealth care System

® Employee Portal System

® Hospital Management System
(including Staff Management,
Accounting Management,
Purchasing Management,
General Affairs Management, ...)

® Medical Device Management
System and APP

® Patient Safety/ ADR/ Abnormal
Event Reporting System

® Business Continuity Process and
Programs

/

N 4 N

Patient gelflf)h Teta-'m
Engagement ° :nhg:?e on
Enhance Patient Health Team

Engagement L — Performance
\_ / Data \ /
/ Integration \
& Analysis
. Data-Driven
Hospital Decision Teaching
Management And Research

Enhance Support
Team
Performance

Enhance Teaching
and Research

Quality

/

® Data Warehouse System

® Hospital Management Information System (HMIS)
® Knowledge Management System

® Accredited Management System

@Integrated Outpatient/ Emergency/ Inpatient
Systems

@TCM System

@E-Note Physician documentation System

@CPOE Medication order entry System

@®Nursing Information System and APP

@PACS/Radiology information system

@Laboratory information system

@Pathology information system

@Abnormal Result management system

@Pharmacy information system

@®OR Management System and APP

@®@Anesthesia Management System

@Health Checkup System

@®@Dietary Management System

@Clinical Exam. Scheduling System

@®@Case Management System

@Telehealth Care System

@Integration to National Health Insurance and EMR
Exchange Center

@Billing Management System

@®Referral System

@E-Sign System

@®E-learning System

@®E-Portfolio System

®Staff License Management System
®Research Management System
®Clinical Trial Management System
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1987~2022 Mile stone to be a Digital HealthCare Hospital ’a{
Digitization Digitalization Digital Transformation

Integrate Cloud

Information of Patient flow,
NHI (Nat. Lean, Data IoT
Insurance)

AI/ML, TPMI
precision medicine

Film Free since 1993 . Paper Free Equipment IoT
& care

2012 Novel Voice Query of OPD status

1989 Integrated OPD system 201972‘020
2013 Wireless online of Ventilators Al training Al OPD
1991 Integrated ER system programs -
2014 Novel Elder-friendly Status Query of OPD (/c Taiwan Al —

1993 PACS system

Academy,
2015 National Smart Hospital Award NTHU) 96 proposals

) \ J
2020 National Science Council
2016 Medical Equipment Mx system Al Studio Program
2001 e-Referral system 016 Nati | Service Award for 3C patient 1 Al per 1.Smart ICU Project(2020~)
ational Service Award for atient car ;
2003 e-Referral EMR-Exchange progra P cell-unit 2.Smart Healthcare Crossd
2018 OR Bigdata schedule system Domain Project towar
2008 Skype web-telephony Syste 2030 (2021~)
2019 Early warning system & Blood sugar Mx. System 3.TW Smart Healthcare
2009 First Certified EMR Hospital Alliance(2021~)

2020 Nat. Innovation Award : e-Labelling system !

2010 Home care Telemedicine Consultation

2019 Institutional National Smart Hospital Award
2019 Goverment Service Award 20



World’s First Hospital uses ePaper + UD Drug Cartridge (since 2018) ' %&# J

* Saving Labor and Time + Improve Safety + Love Earth

* Awards and Patents

PR N
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Hospital Information System (HIS)

CIS (Clinical Information System)

LIS (Laboratory Information Management System)
RIS (Radiology Information System)

NIS (Nursing Information System)

PhIS (Pharmacy Information System)

PACS (Picture Archiving and Communication System)
CPOE (Computerized Provider/Physician Order Entry)
CDS (Clinical Decision Support System)

EMR (Electronic Medical Record)

MIS (Management Information System)

---------



Hospital Information System (HIS).2

PMS (Patient Management System)
PES (Physical Examination System)
EIS (Executive Information System)
Resource Management System
Client Registration System

CRM (Customer Relationship Management)
PSI (Patient Safety Information)
CMS (Case Management System)
WTS (Ward-round Tablet System)
EPS (EMR Portal System/Security)
Research Information system
Medical Education System
Cellphone App

Specialized Database

«  CV-IS (CV information system)

« CPACS (Cardiovascular PACS)

+  PIS (Pathology Information System)
OR-IS

« ICU-IS



Standardization of System L

ISO-HL7 (Health Level Seven International) V3
HL7-CDA (clinical Document Architecture)
FHIR (Fast healthcare Interoperability Resources)
— Based on HTTP RESTful protocol
— HTML + CSS
— Data by JSON or XML
DICOM (Digital Imaging and Communications in Medicine)
LOINC (Logical Observation Identifiers Names and Codes)
SNOMED CT (Systematized Nomenclature of Medicine — Clinical Terms)
CPT (Current Procedural Terminology)
ICD-10-CM & PCS codes
NHI-Code for payment (ex. 64280B, revisional posterior spinal fusion with inst.)
VGHTC-code (80006439)




Support for Unmet need...



L

Culture for IT/AloT technology enpower *
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Patient

Company Researcher




Data Preprocessing

Al engagement

Preprocessing handling
Training-validation vs Testing _ I
Cross domain validation e

Data ; \

All data set l l
’ Deep Learning ' - Modelwith Best ‘
' : : Parameters | /:

Training- : Models : :
Validation Testing ' : : E )

e data set
70% 30%

Test

................................................................................................

|

TestData

L o Y

= gl I

Final Prediction

,/-
' LOss

Function

Back Propagation

Training Validation data : -~
data 1 : t
A Deep Learning Model Based on Concatenation
( | ] : Approach for the Diagnosis of Brain Tumor »
| Updated Parameters }/ ©  Article in IEEE Access - March 2020 DOI:
: 10.1109/ACCESS.2020.2978629

k-1

K-fold cross-validation scheme
k=5



Data everywhere

Raw data for all image examination
— CT/MRI,NM,pathology......
Video

— CV cath video

— UGI/LGI scope...

— Arthroscope

— Laparoscope

— Davinci® s operation

— Mazor/ROSA/Brainlab...

— Surveillance

Audio

— Echocardiogram

— Clinic conversation voice recording



Data everywhere

* Notes/Documents
— Admission Note
— Procedural Note
— SOAP/POMR note
— Operation Note
— Discharging Note, Discharging diagnosis
— NIS note

« Special chart / Database for specialists
— CV Cath database
— Osteoporosis database
— Geriatric database
— Diabetes mellitus database
— Arthroplasty/Arthroscope database



Data everywhere

Data collected from different modality / new devices
— Anesthesia Machine

— IMU devices

— EEG/EKG signals

— Blood pressure signals

— Davinci’ s operation

— Mazor/ROSA/Brainlab...



IMU application in spine disease

« More application scenarios
— Kyphosis screening : Spinal surgery patients / Elderly / Children
— Maedical institution: Pre/post operative assessment / monitoring
— For parents' use: Children's kyphosis warning system
— Nursing homes / Home care: Elderly fall detection




Knee ROM calculation by IMU
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Data everywhere W

National Health Research Institutes Biobank
NHI Research Database (NHIRD)
Health and Welfare Data Science Center (HWDC)

Taiwan Government Open Data oo e S

https://data.gov.tw - e e o o Mshaviond Pacters

- e " AR Smoking Dehavior Surveilance Servey
—_— / == « Behavior Rk Factor Survediance Systemn
Heathcare Proveder 10
R - Family Factors and Consanguinity
TriNets Dataset 2t . SACH—
_— « By Cobont Study Date

- Mstemnal and Child Meaith Dats

71\

/

=T
: :
=+ __m» Details for Specific Discases

Taiwan Cancer Registry Center Tt Mo st Details for Specif
— Lung Ca Database s e
Arthroplasty Registry Center

HIVALDS Datadice

Mospd 1D
[ - Details of Specific Population_
= == Tawanese A2ongnas Deta
» Raport of e Senor Cten Condiion Survey
- Phascally and Mentally Dadied Caioars Assassment Sursey

[ l’t'

Hospital information
rieath Services Utizaton of Medical Facitios

Regatry ke Contracted Modcal Faciites .
. Accrectaisn Profile of Medical faciites HWDC database architecture

Fapore | Conopian provirvaton of detsbom mmalraage wohe HNDC


https://data.gov.tw/

Influenza-like illness prediction using a long short-term memory AR
deep learning model with multiple open data sources ( )

= o=
Ser

NHI DB Disease
analysis

& Infhoenza like thresheld
— ) By bestory data 3

f o = e ted vt At - teahuihd
Vhmnia e ervevpeesy b M . ~
viut nate of the COC of the M.,..'d g

Mamsley of Howdh and Wettare

. (=} e g sachs
<= .
e = . Prediction of influenza

o 3% Visualized  Deep learning Early ¢ within 6 weels
1101 Platform  Model Training Prediction - e -
Open DB Model
rAmhumu of PM2.5 and aspergillosis: S e
—= ambient fine particulate wir pollution and
o S population- based big data linkage analyses 3 g
.-—.:__‘\'. mmam‘mc msy“m T bt o & Suwt Sme Mty and Suton Sromm o PLY snt bafurans 4 S S {ving Owp Lomatng
ISP U—— > The lmplementation of 2 Real-time Monitoring and
Po-Yu Liv, Yu-Tse Tsan, Yu-Wei Chan, Prediction System of PM2S and InfNuensa-Like Hines
Using deep ensensbie for influenza-tike illness consultation rate = iz . S Cuho- Using Deep Learning
bl » ¥ « )
peediction = Tung Yang & Ben-Shen Low ) e
Frda® Keistianl **, Yun-An Chen ", Chac-Tumg Yang “***, Chia-Yin Heang*, Conguns ® Fames Bibesten 100 20715 204 ‘
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Pull length article

Using deep ensermble for influenza-like illness consultation rate " An implementation of real-time air quality and influenza-like illness data L]
prediction - storage and processing platform -

S L s Vi s Chob-Tung Youg ™ «CHIn Vi uang Chao-Tung Yang', Cal-Jia Chen', Ye-Tw Tan™, Po-Yu Liu', Ye-Wei Chan™', Wei-Chon Chan'

Yu-Toe Taan 'S, Wes-Oheng Oun
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Image Al Model Deploy
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Telehealth Call Center Service Model “'52-‘:

* Our hospital has incorporate AloT-5G technology to build the largest
Telehealth command center in Taiwan, which provides comprehensive

healthcare services in rural areas and international medical collaboration.

« "Telehealth Center" can provide
* remote emergent patient consultation
* home care call center
* post-hospital home care
* home physiological data monitoring
 facilitate

e improve the quality and efficiency of
medical services

https://m.vghtc.gov.tw/telehealth-en
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https://m.vghtc.gov.tw/telehealth-en

Real-time 5G tele-consultation of vital signs, ECG and video

r I8
-

with position information of ambulance before arriving i
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MIT 2023 £ 28 e

‘Generative Al ‘Edge Al

Sustainable ML Precision Wellness

‘Robotics and Embodied ‘The Future of the
Intelligence Cloud

‘Visual Computing Cybersecurity

*Future of Data, Trust and
Pri\(acy =




From Data to Research to Patient

Data cleansing - Al modeling (Training, Validation, Testing) Deploy
Research papers, Deploy, Patent, Business Service Model



Form data to research to patient ‘s

- Image (X-ray, CT, MRI, photo, microscope, fluoro...)
« Voice - TextReport (Lab, image, questionale, op note...)
« Video (scope, sono, 2D echocardiogram, surveillance)
« Documentation
« IMU - Robotic - Signals (wifi, BT, zigbee...)
« Specialized Database
« Renote Application : digital pathology, in-house monitoring
« Automation
— Decision support (administration and clinical)
— data cleaning/labeling
— patient report outcome

« NLP, LLM (Large Language Model) : ChatGPT (OpenAl/MS), Bard (Google) and
open models ex. BLOOM

Ariven hv iicer to fuilfill iinmet need ie mnet imnartant
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Thanks for your attention !

Kun-Hui Chen

orthochen@gmail.com

Orthopedic Department
Smart Healthcare Committee
Clinical Informatics Committee
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