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Electronic Medical Record (EMR)

Cv_?I=A 84 ZIE

darelsA

AgAL 22|

=8| 1969.01.27

E 7| EES|[14315174/ 2 Fe] ESAL: 0 =T :000/000 FHE : 000/000 Gf2f [2015/09/21 11:30]

HAMZ2 2/2H 20150821 20150821 ;v

Tp =] A of oy==|xH sng”gM _“E_Q‘kéll
CYITHZ ZHA YLICH. =232 ¢
]|

v oo =

FIEDIE IS 201 =

H Sto 2k

L

LAMAZ-F2STAFFHE-FI|E2 20| 22 S [LEZ M |EtD2I2] | StHI2H | 2 A H Z

Fng (M3agI[F11]

B3534A Athlete's foot
151 Conplications and ill-defined descriptions of heart d

1 3

2 HE X

#2 Mass, Rt. cheek

=29

=
2003/06/26 Gy 2m 26B4ESS (B),

LI
|

EpYEe]
septoplasty; A0 AR B
2006/02/09 8y Tn 13dExcisional biopsy:
2005/09/09 10y On 13dLunpect omy: <@

=) 6 20150102 3HE

HEZ A o HYE @ US, Abdonen
20150807 C¥ Stogar tab [10mg]

Sudafed tab [BOngl E.K.G

&y 020141103 Z¥

<

=it 2=
0 20150102 CBC
T2 LR = & B i
|24 2015/09/21 PT(Prothrombin t
¢l 2l 2015/08/ 07 activated PTT
|2H 2015/07/ 30 Chemical battery!
2l pois/7/z:

Phosphorus
BUN

r-RT

& CR. Chest P& (4F)
CR. Chest P4, Lateral

=l

QO 20160212 Y CR.Finger Lt AP, Lateral
N CR.Finger Rt AP, Lateral
Esophagogast roducdenoscopy

| OldE=21D] BCH

Descrintion

of1

v[2015/08/21 [ HE <oV ~Jcv v
EEF]
BETESE S oft|e]s

ZaAI= 750z |20 |
O A Problen[S HS5tAE ZIELICH
M [/] & #2 Mass, Rt. cheek

rO=x

New New | Repeat | S/0/A/P | New 33t

‘ Problen H r

Subject

=
=

Object

F A E

Assessnent

SMAFtazeme =
S

= (hazardous d. .

eEE RS B




Medical Big Data : 3V or 4V

Volume
— 150 exabytes (1018) in 2011 USA

( 5 exabyte contain all the words ever spoken by human beings
on earth)

Velocity
— Zeta bytes (10%) maybe now

Variety
— Structured, unstructured, semi-structured

Veracity
— Data assurance

Institute for Health Technology Transformation 2013



Digitalized Health Data
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Administrative

Clinical registry

Electronic health
record

Biometric
Patient-reported
Internet

Medical imaging

Biomarker

(Combined data\

\K methods) jj

Analytics

sources into an
analytical platform

4 Analytical )

methods
(e.g. data
mining, machine
learning, tradition
al statistical

Rumsfeld JS et al. Nat Rev Cardiol. 2016

Applications

Predicting risk and
resource use

Population
management

Drug and medical
device surveillance

Disease & treatment
heterogeneity

Precision medicine &
decision support

Quality of care and
performance
measurement

Public health

Research applications

Improved
CV care
and
outcomes
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Source of Medical Big Data

Human-generated data
— EMRSs, physicians’ notes, email, and paper documents

Biometric data

— Fingerprints, genetics, handwriting, retinal scans, X-
rays, images, blood pressure, pulse-oximetry, etc

Machine-to-machine data
— Readings from sensors, meters, and other devices

Big transaction data
— Health care claims and other billing records

Web and social media data
— Facebook, Twitter, Linkedin, and blogs

Institute for Health Technology Transformation 2013
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Utilization of Medical Big Data

Clinical operation

Research & development
Public health

Evidence-based medicine
Genomic analytics
Pre-adjudication fraud analysis
Device / remote monitoring

Patient profile analytics

Raghupath W et al. Health Inform Sci Sys 2014
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Utilization of Medical Big Data

Clinical operation

Research & development
Public health

Evidence-based medicine
Genomic analytics
Pre-adjudication fraud analysis
Device / remote monitoring

Patient profile analytics

Raghupath W et al. Health Inform Sci Sys 2014



Clinical Operations

« Comparative effectiveness research
(CER)

* Clinical decision support system
(CDSS)

McKinsey Global Institute 2011



Comparative Effectiveness Research

* Which treatments will work best for specific patients (“optimal

treatment pathways”) by analyzing comprehensive patient and
outcome data to compare the effectiveness of various intervention

« > $1.1 billion for CER in USA

—

Outcome
Research

—

Other Evidence
and Analysis
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Disease cohort
for CER

C D C Centers for Disease Control and Prevention

About CDC Centers and Divisions of CDC Korean Influenza Surveillance Scheme Mational Stem Cell Bank Major Project Related Website
Stem Cell Registry ational Stem Cell Bank

Achieveng a Healthier Korea!
Centers for Disease Control & Prevention
Leading the Way o disease—free world

About CDC
- Introduction
+ Greetings from the Directar
- Milestone
- Vision & Craanization Chart

Centers and Divisions of CDC
+ Center for Infectious Disease Control
+ Center for Digease Prevention
+ Center for Infectious Disease
+ Center for Immunalogy and Fathology
+ Center for Biomedical Science
+ Center for Genome Science
+ Korean Metwork for Organ Sharing (KOWNOS), General Affairs Section
+ Division of Research Planning
+ Divigion of Biogafety Evaluation & Control

Major Project Related Website

C D C (28159) Osang Health Technology Administration Complex, 187, Osongsaenamyeand 2-ro, 0song-eup, Heunadeok-gu,
Cheongju-si, Chungcheongbuk-do, Korea | Tel. +82-43-719-7700
COPYRIGHT @ CDC. Al Rights Reserved.




Public data
for CER

KOREAN | Send e-mail | Contact us

Home About HIRA International Cooperation News & Information

What are yo
‘ w

>

HOME  SELECTLANGUAGE s, o |@ll |3l

AboutUs Social Security NHI Program Long-Term Care Health Insurance Community Training Course
System of Korea Insurance Guide on SHI

Welcome to the Natiopal
Health Insurance Service

Our National Health Insurance Service is a leading health insurance

STATISTICS KOREA || ;

Press Releases Survey QOutline Resources About KOSTAT

Latest Indicators Press Releases Survey Qutline

Retail Sales Month-on-Month, No

' Economically Active Population
E _1 1 u/u Survey in December ...

Industrial Production NMaonth-on-ianth, No
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No. of Koreans for Statin Therapy
according to Guidelines

80 (%)
ATP-III l_-
u CVD disease
USing mEdical big g ACC-AHA .;F)Lbzt1go
4 = Diabetes
data from § ATP-1lI = Predicted 10-years risk
the Korean ACC-AHA

National Health
and Nutrition

Examination —
Su rvey of 2008 to o = CVD disease
2012 3 ACC-AHA =LDL > 190
o u Diabetes
(n - 18, 573) * = Predicted 10-years risk

ATP-III

ACC-AHA

« ATP-III: Third Adult Treatment Panel guidelines
* ACC-AHA: American College of Cardiology and American Heart Association

Ko MJ et al, Am Heart J 2015;170:598



ation of a Prediction Model
with Big Data Analysis
using Hospital Data Linked by Public Data

Health Data Public Data
Health Promotion Center in AMC Health Insurance in Korea

(. ASAN International Healthcare Servi C & Departments  Education & Research  About AMC
Medical Center

H I Health nsurance
qp Review & Assessment Service

Home About HIRA Internationa ration lews & Inforn

Centers &
Departments

Departments

About Center Customized ‘ Benefit Management

Specialized Centers The Ministry of Health and Welfare ("the Ministry” hereinafter) determines

which medical services are provided under the National Healthcare Insurance
. Act. There are two categories of services: “covered services” which require
d a Doctor = g patients to pay only part of the cost and “uncovered services” which require
patients to pay for the entire cost.

Appointment

International Cooperation

Symposium Training Course Foreign Delegation
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erlooking the

Park GM, Kim YH, et al. Circ Cardiovasc Qual Outcomes. 2014,7:944




CV Risk Model in Korean Population

A total of 57,393 consecutive asymptomatic Korean individuals aged
30 to 80 years without known CVD who voluntarily underwent a
general health examination between January 2007 and June 2011

A CV event

CV death, myocardial infarction, and stroke assessed by ICD 10
codes in the claim data.

31 potential variables:

age, gender, BMI, systolic/diastolic BP, waist

circumference, HTN, DM, hyperlipidemia, family Hx of

CHD/stroke, smoking, exercise, education, WBC, Hb, FBS, HbA1C,
uric acid, BUN/Cr, cholesterol profile, ESR, CRP, AF, medication Hx
of aspirin/statin

Park GM, Kim YH, et al. Circ Cardiovasc Qual Outcomes. 2014,7:944



Model Development and Validation

Heath Data Public Claim Data

Potential variables Outcomes
captured

Validation cohort I Vv I
t [ Model development]

Park GM, Kim YH, et al. Circ Cardiovasc Qual Outcomes. 2014,7:944 f@fi UNVERSTY OF ULSAN. 500 ASAN
AN COLLEGE
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Study Population

91,636 individuals aged 30 to 80 years who underwent
health examination in the health promotion center
at the Asan Medical Center from January 2007 to June 2011

25,897 Refused participation
8,346 Excluded
4,574 Previous CVD history in HIRA data
1,310 Not available in HIRA data
1,822 Previous history of angina or Ml
344 Previous history of stroke
183 Structural heart disease
56 Previous history of PCI
37 Previous history of heart procedure
20 Previous history of open heart surgery

57,393 subjects enrolled

45,914 in the Train cohort 11,479 in the Validation cohort

Park GM, Kim YH, et al. Circ Cardiovasc Qual Outcomes. 2014;7:944



Table II.Performance of the Possible Scenario Models for Cardiov

the Train Cohort.”

Modeling

13 possible scenario models in the train cohort

Shrinkage

Models

Variables

Coefficient H

1

Framingham risk model for 10-year CHD
C-index (93% confidence mterval)
Akaike Information Criterion

Shrinkage

11.877
0.7

Framingham risk model for 10-year CVD
C-index (93%: confidence mterval)
Akaike Information Criterion

Shrinkage

Age

C-index (93% confidence mterval)
Akaike Information Criterion
Shrinkage

Age

Log of creatinine

C-index (93%; confidence mterval)
Akaike Information Criterion
Shrinkage

New built Framingham riskmedel for CHD
Age
Low-density lipoprotem cholesterol
High-density lipoprotein cholesterol
Dizbetes mellitus
Current smokmg
Catzgorized blood pressurs

Nermal

Optimal

High normal

Gradel

Grade2

Grade3
Gender
C-index (93% confidence interval)
Alaike Information Criterion
Shrmkage

Age

Log of creatmine
Hypertension

Family history of CHD
Diabetes mellitus

Log of white blood cell count
Current smeking

Cholesterol index™

Log of glycated hemoglobin
Blood pressure mdex®

Atrial fibrillation

C-index (93% confidence mterval)
Akaike Information Criterion
Shrinkage

1077
1744
1409
1150
1441
1322
1986
1239
1650
1290
2214

7(0.726-0.788)

7207

0.969

Age

Log of creatinine

Hypertension

C-index (93% confidence mterval)
Akaike Information Criterion
Shrinkage

Age

Log of creatinine

Hypertension

Log of erythrocyte sedimentation rate
Aspirm

C-index (93% confidence mterval)
Alkaike Information Criterion
Shrinkage

Age

Log of creztinine

Hypertension

Log of erythrocyte sedimentation rate
Log of white blood cell count
Current smokimg

Cheolesterol mdex”

C-index (93% confidence interval)
Alaike Information Criterion
Shrinkage

Age

Family history of CHD

Log of creatinine

Hypertension

Log of erythrocyte sedimentation rate
Log of white blood cell count
Current smoking

Cholesterol index™

Log of glycated hemoglobin
Blood pressure mdex®

Atrizl fibrillation

C-index (93% confidence mterval)
Alkaike Information Criterion
Shrinkage

1073
1151
1854
14435
1173
1259
2031
1158
2930
1278
2223
0.753 (0.724-0.787)

207

0.969

Age

Log of creatinine

Hypertension

Log of erythrocyte sedimentation rate
Log of white blood cell count
C-index (93% confidence iterval)
Alkaike Information Criterion

Age

Family history of CHD

Log of creatmine
Hypertension

Log of glycated hemoglobm
Current smoking

Atrial fibrillation

Blood pressure mdex®
Cholesterol imdex”

C-index (93% confidence interval)
Akaike Information Criterion
Shrinkage

Best-fitting pradictive model

New built Framingham riskmedel for CVD
Log of 2g=
Log of total chelesterol
Log of high-density lipoprotein chelesterol
Log of systolic blood pressure
Treatment of hypertension
Dizbetes mellitus
Current smeking
Gender
Interaction between log of systolic blood

pressure and treatment
C-index (93% confidence mterval)
Alkaike Information Criterion

28320
1750
0.356
3909
0992
1581
2166
0985
1111
0.751 (0.719-0.782)

1219
0574




Prognostic Nomogram
for Korean CV Risk

Points

Age

Log of creatinine
Hypertension

Family history of CHD
Diabetes mellitus

Log of WBC count

Current smoking

Cholesterol index - - . . . ’
1 15 2 25 3 35

Log of glycated hemoglobin ——————————————
12 14 16 18 2 22 24 26 28

Blood pressure index . . . . : .
-2 A 0 1 2 3
Atrial fibrillation , 1

Total points r y y y . . . :
0 140

180

200

3-year Cardiovascularevent rate ' ' !
Y 1% 2% 3%

10%

20%

5-year Cardiovascular event rate T T .
2% 3% 5%

Park GM, Kim YH, et al. Circ Cardiovasc Qual Outcomes. 2014;7:944
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Korean CV Risk Model

Automatic CV risk calculator, excel file

Please enter the blue shaded areas below.

Age, years

Diabetes mellitus Yes=1 No=0

Hypertension Yes=1 No=0
Current smoking Yes=1 No=0

Family history of coronary heart disease Yes=1 No=0

Systolic blood pressure, mmHg

i ] Blood pressure index
Diastolic blood pressure, mmHg

Atrial fibrillation on ECG Yes=1 Mo=0

White blood cell count, x103/uL Log of white blood cell count
Creatinine, mg/dL Log of creatinine

Glycated hemoglobin, % Log of glycated hemoglobin
Total cholesterol, mg/dL

Low-density lipoprotein cholesterol, mg/dL Cholesterol index

High-density lipoprotein cholesterol, mg/dL

3-year event rate (%)
Cardiovascular death/ML/Stroke r

Park GM, Kim YH, et al. Circ Cardiovasc Qual Outcomes. 2014,7:944




A case
Korean Model ACC/AHA Model

5 year risk of CV event 10 year risk of CV event
23.0%

Please enter the blue shaded areas below, ‘
Heart Risk Calculator

Age, years
Diabetes melitus Yes=1No=0 |
Hypertension Yes=1 No=0 | 23.0%

Current smoking Yes=1 No=( 101year isk of heart disease or sroke

Family hstory of coronary heart disease Yes=1 No=0

SYSTO“C blood PIESSUrE, mmHg . On the basis ofyour age and ris for Based on your age and race, your biood
B|00d pI'GSSUI'G mdex | heart disease or sroke, the ACCIAHA pressure is poorly-controlled, and you

D|asto||c b|00d pressure, mmHg Quidefines suggest you shoud be on a should iniiate festyle inferventions and

Atfi&| fibrillation on E(:G Y€S=1 N0=0 | moderate to high intensity statin consider starting a thiazide diuretic,
ACEI/ARB, or calcium channel

White blood cell count, X104 Log of white blood cell count 19459 blcker
Creatining, mo/cL of Lo of creatinine {5108
f

‘ Demograph Cholesterol Blood pressure Risk factors
17918 o i

Glycated hemoglobin, % Log of glycated hemoglobin
'I'Ota| Ch0|ester0| mg /dl. | Age: 66 Total: 200 Systolic: 150 Diabetes: no
Low-density lipoprotein cholesterol, moy/dL Cholesterol index 03782 e ek -4 o Srokng 0
High-density Iipoprotein cholesterol, mg/d|_ Race: not Afican-American Onmedication &3

Note: moderate intensity statin may be atorvastatin 10mg, pravastatin 40ma, or simvastatin 20-40mg. High intensity statin may be atorvastatin 40mg-B0mg

Syear event rate (%)
Cardiovascular death/MI/Stroke

Park GM, Kim YH, et al. Circ Cardiovasc Qual Outcomes. 2014,7:944




An example of
Comparative Effective Research (CER)

To compare the clinical implications of anatomic versus
functional evaluation as the initial test for stable CAD.

This study was conducted with the permission of the National
Strategic Coordinating Center of Clinical Research and the
Health Insurance Review & Assessment Service (HIRA) in
Korea.

In this present study, data from 2009-2013 claims records of the
HIRA were used.

Diagnosis codes were used In the International Classification of
Diseases, 10th Revision (ICD-10). Procedures are identified by
codes from the HIRA database.

Park GM, Kim YH, et al. J Nucl Med 2016 (in print)



Invasive Coronary Angiography (CAG)
vs. Myocardial Perfusion Imaging (MPI)

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

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

Radiation, contrast hazard * No contrast hazard

High cost * Relatively low cost

Procedural complication * No procedural complication

Good lesion localization * Poor lesion localization

Good for subsequent « Recommended for stable angina as
revascularization the initial assessment

Not recommended for stable angina
as the initial assessment

ﬁgf UNIVERSITY OF ULSAN A ASAN
N~ COLLEGE MEDICINE v/ Medical Center



Patients from the HIRA Public DB

620,512 Patients aged 18 years and older
who underwent CAG or MPI examination in a
diagnosis of CAD from July 2009 to June 2013

483,446 Excluded

255,978 Primary diagnosis of acute Ml or unstable angina

224,113 CAD history in the HIRA database within 6 months
2,313 Exercise ECG or CCTA evaluation within 3 months
1,042 Both CAG and MPI evaluation on the same day

\ 4

137,066 Included in analysis

|
v v

CAG group MPI group
(N=117,134) (N =19,932)

CAG = invasive coronary angiography, MPI = myocardial perfusion imaging

Park GM, Kim YH, et al. J Nucl Med 2016 (in print)



National Trends in the use of CAG vs. MPI

\le} = CAG MPI
40000
35000 "l %Ef73
30000 28193
25000 23985/ 39% increase
20000
15000
10000 - e 41% decrease
5000 4240 3790
0

JUL 2009 - JUN 2010  JUL 2010 - JUN 2011  JUL 2011 - JUN 2012  JUL 2012 - JUN 2013

Park GM, Kim YH, et al. J Nucl Med 2016 (in print)



Adjusted Outcomes

Adjusted All-cause Death

— CAG
— MPI

3.3
2.3

2.9
2.0

X
@
3]
c
)

=}
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£
o

2
vl

I
=
E
S

& ]

I I T
365 730 1095
No. at Risk Days after Enroliment
CAG 117134 101077 70294 41323
MPI 19932 17765 12193 7258

Cumulative Incidence, %

No. at Risk

CAG
MPI

Park GM, Kim YH, et al. J Nucl Med 2016 (in print)

Adjusted All-cause Death/Myocardial Infaction

— CAG
— MPI

—
?

P<0.001

()]
|

2.8

2.3

o

365 730 1095
Days after Enroliment

o

117134 100434 69655 40823
19932 17718 12143 7485




Adjusted Hazard Ratio

Adjusted clinical Incidence rate 2 CAG compared with MPI
ELEETES B I MPI CAG Adjusted Hazard
(95% CI) (95% CI) ratio (95% CI)
13.43 16.08 1.19
All-cause death (12.41-14.45) (15.32-16.83) (1.09-1.29)
Myocardial infarction 2.27 415 1.81
(MI) (1.84-2.69) (3.80-4.51) (1.49-2.20)
Coronary 2.19 63.03 26.27
revascularization (1.68-2.70) (61.64-64.41) (21.86-31.58)
15.33 19.53 1.26
All-cause death / MI (14.23-16.43) (18.70-20.35) (1.16-1.36)

« Unnecessary coronary angiography may not be uncommon in Korea

« Noninvasive functional evaluation need to be performed as the initial
assessment of CAD

Park GM, Kim YH, et al. J Nucl Med 2016 (in print)
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Clinical Decision Support System (CDSS)
oA EE X &

* Provides clinicians, staff, patients, and other
iIndividuals with knowledge and person-
specific information, intelligently filtered and
presented at appropriate times, to enhance
health and health care

 Links health observations with medical
knowledge in order to assist clinicians in
decision making



Why CDSS?
Common Medical Errors

~1ling system errors
Prescribing erroneous medications
Dispensing the wrong medications

nappropriately ordering laboratory tests for the
wrong patient at the wrong time

5. Failing to promptly respond to abnormal
laboratory test results

RO ID

Jao CS, Hier DB. IntechOpen 2013



Knowledge-Based CDSS

External supplier

pharmacists _
Literature

physicians search sub_stance
clinical registry
pharmacologist

Knowledge provider 1

Drug
formulation

. classification|
evaluation file

W

Exportfile

Interaction
DB

evaluation

T
;
.

pharmacists Literature . inf
physicians search User comments; feedback www.janusinio.se
Janus toolbar

clinical
pharmacologist

Knowledge provider 2

Birgit Eiermann et al. Intechopen 2013



Potential Role of CDSS
Target Area of Care  |Example

Preventive care Immunization, screening, disease management
guidelines for secondary prevention

Diagnosis Suggestions for possible diagnoses that match a
patient’s signs and symptoms

Planning or Treatment guidelines for specific diagnoses, drug
implementing treatment dosage recommendations, alerts for drug-drug
Interactions

Follow-up management Corollary orders, reminders for drug adverse event
monitoring

Hospital, provider Care plans to minimize length of stay, order sets
efficiency

Cost reductions and Duplicate testing alerts, drug formulary guidelines
improved patient
convenience

Eta S. Berner, Ed.D. Agency for Healthcare Research and Quality 2009



Meta-analysis of CDSS

Mortality Morbidity

ok fetio RR (95% Cl) Risk Ratio RR(95% ()
Omitting Hetlevik et al.37 - 0.96 (0.85,1.10)
Omitting Montgomery et al.38 0.95 (0.84, 1.08)

Omitting Hetlevik et al.3 094 (0.82, 1.07) Onitting McCowan et al.> 086 (072,103)

Omitting Paul et al.41 0.96 (0.84,1.10) itti 4
Omitting Rothschild et al 43 0.95 (0.83,1.09) mitting Gurwilz et al. /8 {03,V

Omitting Roy et al 4 1.01 (0.92,1.11) Omitting Roy et al 4 0.83 (0.68,1.01)

Omitting Graumlich et al 43 . 0.95 (0.84, 1.08) e b ot ol 45
Omitting MacLean et al % 092 (082, 1.04) Omitting Graurnlich et 078 (062,099

Omitting Bosworth et al.47 - 0.98 (0.87,1.10) Omiuing Holbronk etal® 0.81 (0.66,099)

F o TRV TTS N o P ey .| AAE TAAOE 1 AR R |

Marginal benefit of knowledge-based CDSS in this meta-analysis

The next generation of CDSS trials should focus on systems with a more
global outlook featuring authoritative point-of care services and full
Integration with EHRS.

The benefit of cardiovascular CDSS should be evaluated for healthcare
providers of cardiology specialists and non-specialists.

081 (065, 1.01)

|
Omitting Kucher et al 40 0.94 (0.81,1.09) Omitting Kucher et al. 20 I 089 (0.75,1.05)

Moja L et al. Am J Public Health.2014;104:e12




Nﬂjﬁndérson
Ganecer Center

Blakiegg Cancer History™

| Pabent and Cancer Information EBducabon and Research

Home Sanwrvusl Report

Publications

» Ancusal Report The Oncology Expert Advisor

oi ents availabl
Annual Report - Annual Repart - Winter 2014 AFI-FJ ntm FII- 5 able
Request an appointment g

There were 14.1 . Twest | 3
million new cancer m ¥’
CASEE warldwils in Ask a question  *
1-877-632-6759
WMCE] Candar paliens AT :
can travel o MD " F n 1

Anderson for "15

axpant care hat comes from mara than 70 years of instiutional expertise fighting

he disease. In U""— shost term, the fastestway o improve patient oulcomes an a
Jlohal levelis o elevale and standardize cancer cane in oommuniies served by

MO Andersan's aghiark af par o e U S, and around ihe wod

The Oncology Expert
Advisor Is capable of:

*  Matching patients
to clinical-trial

pratocols People and data

Ranking potential
tr&atm em upunns

3 L% . ] o miedical ke
: T o Your gift io MD Anderson makes a

difference in e ves of cancar patients by
SUpnOMng Mndvalve patlent cane




Artificial Intelligence
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Editorial

H " t I D t Natural Language Processing and the Promise of Big Data
O S p I a a. a Small Step Forward, but Many Miles to Go

Thomas M. Maddox, MD, MSc; Michael A. Matheny, MD, MS, MPH
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Characteristics of EMR Data

 Structured data can be abstracted, stored, and
analyzed relatively easily with current
technology.

» Unstructured data, which contain vitally
Important information such as subtle nuances
about a patient’s condition, a provider’s clinical
reasoning, and a patient’s preferences for
treatments, remain largely inaccessible.

Maddox TM et al. Circ Cardiovasc Qual Outcomes. 2015;8



Characteristics of EMR Data

Structured data Unstructured data




A Case of Cardiac SPECT Report on EMR
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- Stress image * MWvocardial uptake of left ventricle is evenly distributed without
any regional perfusion defects,

- Rest image * There is no significant change in regional distribution of tracer
between stress and rest images.
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Data Extraction

Rule-based pattern analysis

Unstructured data
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Extracted Data
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Natural language processing (NLP)
Predictive Factors of 3-day Readmission
after Coronary Stenting

In Massachusetts General Hospital (MGH)

Need for medical interpreter 139 099,199
Albumin on admission 108 (092, 1.30)
Non-compliance ratio 101099, 109
ER visit 1.07 (102, 1.13)
Use of anticoagulation 170 (141, 208
Syncope 1.22 (0.99, 1.49)

Cirrhosis 087 (041, 111
Malignance 1.06 (087,129
Anxiety noted by clinicians 126 (104,159
Homelessness 140 079, 249

Odds ratio
<<< Less likely case More likely case ===

Wasfy JH et al. Circ Cardiovasc Qual Outcomes 2015;8



Supervised Machine Learning

with EHR to predict heart-related hospitalization
iIn Boston Medical Center

Table 3 - Top 10 significant features for 1-LRT and AdaBoost with trees.

1-LRT

AdaBoost with trees

Counts

Feature name

IS (x10=Y)

Feature name

1591

548

525

523

514

486

474

Age

Visit to the Emergency Room, 1 year before the target
year

Diagnosis of hematologic disease, 1 year before the
target year

Diagnosis of heart failure, 1 year before the target year

Symptoms involving respiratory system and other chest
symptoms, 1 year before the target year

Diagnosis of diabetes mellitus w/o complications, 1 year
before the target year

Lab test CPK, 1 year before the target year

Lab test CPK, 4 years before the target year and the
rest of the history
Diagnosis of heart failure, 2 years before the target year

Diagnosis of diabetes mellitus w/o complications, 2
years before the target year

Dai W et al. Int J Med Inform. 2015:;84:189

0.6462

0.5498

0.4139

0.3187

0.2470

0.2240

0.1957

Diagnosis of diabetes mellitus w/o complications, 1 year
before the target year
Diagnosis of heart failure, 1 year before the target year

Age

Symptoms involving respiratory system and other chest
symptoms, 1 year before the target year

Admission due to other circulatory system
diagnoses, 1 year before the target year

Visit to the Emergency Room, 4 years before the
target year and the rest of the history

Operations on cardiovascular system (heart and
septa OR vessels of heart OR heart and pericardium),
4 years before the target year and the rest of the
history

Visit to the Emergency Room, 1 year before the target
year

Symptoms involving respiratory system and other
chest symptoms, 4 years before the target year and
the rest of the history

Diagnosis of heart failure, 2 year before the target year
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=) BI : Business Intelligence, EAI : Enterprise Application Integration
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Device / remote Monitoring

e Capture and analyze in real-time large volumes of fast-
moving data from in-hospital and in-home devices, for
safety monitoring and adverse event prediction

 Particularly useful for chronically ill patients, such as
diabetes, hypertension, chronic heart failure, and
analyzing the resulting data to monitor adherence
(determining If patients are actually doing what was
prescribed) and to improve future drug and treatment
options



Moving From Digitalization to Digitization

in Cardiovascular Care

Why Is it Important, and What Could it Mean for

Patients and Providers?

o Voice recognition software

Automatically record accurate, detailed

clinical notes during consultation, y
accessible and editable by the patient \’

e Tablet computer

Efficiently access patient health
records, simple graph summaries
and history of present illness prior
to, and during, consultation

e Handheld ultrasound
and smartphone ECG

Automatically upload exam results
into the Electronic Health Record
(EHR) and into the patient’s
personal cloud

Steinhubl, S.R. et al. J Am Coll Cardiol. 2015; 6613:1489

o Automated clinical decision support

Utilize a wide range of accumulated individual data
to aid discussions and guide next steps

Medical grade
wearable sensors

Gather and track a wide
range of real-time
biometric patient data,
allowing for hospital-
quality monitoring to be
performed continuously,
with non-obtrusive
devices, from home

0 Improved physician care
and patient relationships
Effectively personalize
patient care, improve the
efficiency and accuracy of
medical practice, minimize
complexity and optimize
decision-making, and
increase patient engagement
through direct and
immediate feedback




Dr. M Project by KAIST with AMC

(1) Real-time monitoring, transmission and storage of heal information
ICT system + (2) Development of mobile / wireless medical devices

Medical care (3) Disease diagnosis and prediction with personalized medicine

(4) Health care business mode

Dr. M process
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Research & Development

* Predictive modeling to lower attrition and produce a
leaner, faster, more targeted R & D pipeline in drugs and
devices

« Statistical tools and algorithms to improve clinical trial
design and patient recruitment to better match treatments
to individual patients, thus reducing trial failures and
speeding new treatments to market

* Analyzing clinical trials and patient records to identify
follow-on Iindications and discover adverse effects before

products reach the market.



R & D Process of New Drug (approx. 13 years)

Preclinical studies Clinical studies

Discovery Development
Chemistry/ = IND * Phase 1 Phase II Phase III NDA ** Phase IV
Pharma-
cology Regulatory SiileclaY Clinical Comparative Regulatory
Review studies on studies on a studies on a Review .
healthy limited scale  large number Stz
Search for vl of patients comparative
active *Investigational studies
substances New Drug 50-150 100-200
, application for persons patients 500-1500 .
Toxicology, permission to Patients Registration,
stu |es:c on rug to humans Application o)
var]lounsimyﬁ)es Application
of animals For
permission to
Market a new drug
Time span
2-4Yrs 2-6 Mos 3-6 Yrs 1-3Yrs

Reduction of 3 to 5 years in the pre-clinical phase by using big data

McKinsey Global Institute 2011



Is Big Data the New Frontier for
Academic-Industry Collaboration?

Sample Projects From the Merck-Regenstrief Partnership

Methods for Observational Research

Melanoma phenotype algorithm® development and validation

Health Information Technology

Surveillance of acute myocardial infarction associated with

antidiabetic agents Natural language processing core pipeline for clinical documents

Calibrating evidence of drug risk by estimating database bias Electronic patient-reported outcomes (ePRO) capture platform
Clinical Data Analysis Clinical Interventions

Adherence in respiratory disorders Adherence protocol for adults with mild cognitive impairment
Usage, benefits, and adverse effects of diuretics in heart failu Human papillomavirus vaccination: an investigation of physician
Longitudinal modeling of heart failure progression reminders and recommendation scripts

Outcomes of bisphosphonate treatment in adherent patients Hypoglycemia risk calculator for use in clinical practice

Renal impairment in osteoporosis ? In studies of real-world data. there is a need to validate the phenotypes
Disparities in osteoporosis treatment represented in the clinical data; the appropriate choice of phenotype is

- - : . critical in ensuring the accuracy of observational data analysis.
Diagnosis of atypical subtrochanteric fractures = . L

Journal of American Medical Association 2014;311:2171



Issues for Medical Big Data Utilization

Security

Privacy

Network management

Storage

Information management and analytics
Validation for clinical use
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