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Uniqueness: Novel Knowledge Acquisition

Dialog Manger
. & Machine Learning

Deep learning
algorithms do not
provide a basis for

Image Structured Unstructured

Intelligent Medical Platform Data  Data Data decision making (black

Patient MRI & (Knowledge Acquisition) % box format)
Image Analysis y \ Cloud —

o b Endpoint
End:l::int .{:fﬁ\ Data Dri
ata vriven Provide evidence as a

I rule base (white box)
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t_‘ Existing Systems Limitations

= Use conversations as | | ==} Knowledge | i cul "
/ O functions only — A Authoring Difficult to verify
e knowledge

Tool
Domain Expert
Knowledge Base

=  Knowledge extr.action Expert Based N
from conversation Provide high quality medical knowledge service e A
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Introduction to Silo Construction

INTELLIGENT MEDICAL
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Motivation
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Quality of Medical
Services

Reduce Medical Cost
Efficiency & Safety
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Expected Impacts

= |mprove quality of healthcare
delivery

= Save Medicare cost

= Reduce medical malpractices




Silo Development Stages

INTELLIGENT MEDICAL
PLATFORM

Expert heuristics, guidelines, published research and existing
systems are sources of domain knowledge

- , Knowledge Acquisition:
Stagel 4/ ~~""""°- >

*Knowledge Modeling:

The acquired knowledge is transformed in to a formal
representation such as Decision Tree

& Stage 2 / """"

Rule Generation:

Knowledge is transformed from formal representation to
computer executable format i.e. Plain Rules

-

Implementation:

A standalone executable environment is developed to execute the
created knowledge for providing recommendations.

Evaluation

The accuracy of the system is evaluated on the real patient
data of the corresponding sub medical domain




Stage 1: Knowledge to Mind Maps | 12

INTELLIGENT MEDICAL

1 Physician Consultancy

Physician Consultancy: Patient History,
Symptoms, Review of Mind Maps

Evaluate
Mind Maps

N ——
Review Guidelines: Medical
Documents, Manuals, Published Papers

Existing System: Registration, Data
attributes, Information Flow & Persistence

Mind Maps: Logical Note of Physician
Expertise and knowledge

Mind Maps

4

Existing
System

evaluate the ambiguities for further
improvement
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Concepts 7 Concepts AN : Evaluate
Extraction Prioritization Decision Tree

: Concepts Extraction

Identify all the contributing
factors from the mind maps
provided by the expert to
comprehend the domain.

3: Concepts Prioritization

Select the most defining
factors from the extracted
ones to divide the flow of
constraints and condition.

Concepts
Prioritization

1: Mind Maps 5: Decision Tree
Experts provide the mind : It is @ model of decision and
Concepts Mapping . .
maps to transform the Extraction Relationshic their possible consequences
knowledge in brain into for the diagnosis as well as

ideas. treatment.

4: Mappings Relationship

Map the contributing factor
to draw the flow for diagnosis
and treatment.




Stage 3: Rule Extraction
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Stage 4: Implementation
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Stage 5: Evaluation

Step One
@

Enlist the Silo’s \ Step Two

goal and Scope
De5|gn an

Step Six
c:) Generate F'_I-\ma Evaluatlon Plan

Evalutor - @Y g{

(OUTSTANDING \(v Evaluation

Exce”ent

p Process
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“y Step Five I?"‘ @ | Step Three
tive ollect data

& Quantitative according to
Analysis Plan

Step Four
L
Execute the

system on
collected data
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Case Study: Cardiovascular Silo




Workflow: Knowledge Creation

INTELLIGENT MEDICAL
PPPPP ORM

Expert Cardiologist Knowledge Engineer
B ] (/\L
Dashborad == Ur e Decision Tree Creation
o — ‘ e (Knowledge Model)
Expert Cardiologist e — =
> . O create Mind Map
& [ @ (Cardiovascular
= =’ Knowledge Model)
N \ |
|-
!1 ' Cardiologist
5 l"i/ :
.r'._ I 1 i ‘é %
f gl N\ ecardiology recommendation Voice/text/image Dia|ogue e CGI’diOlOgy Rule Creation and

request | MLM Transformation
3 T‘v_“ . Gcwammoin el R s
»4 x I , | - .
E‘; e l ~ e : ManaginT Dialogue ;

Voice/text/image I P %
) (6] - s
Cardiology treatment and diagn

o Cardiology Knowledge base

<

recommendation



Stage 1: Knowledge Acquisition

INTELLIGENT MEDICAL
PLATFORM

© Moot
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i ‘ e Taking help from ® >| Evakan HF Sx8Son| - Cardiovascular Diay

2013 . . . Baeath = Yes OR Orthopnoea = Yes 1
Anacermos Breathlessness = No AND Orthoproea = Nor Yes OR Reduced exer deran "

GUIDELINE s educed exercme lermance = Yes

aaRORIE p u b I IS h e d g ul d e I ine AND PND = Mo AND Reduced exercise Yes OR Tiredness = Yes of Ankde swelling = |

OhND ogesy tolerance = Mo AND Fakgue = No AND Elevaied JVP = Yes or 53 = Yes OR Lalen
IN ADULTS 7 s > Tredness = No AND Anide sweling = No apical mpulse = Yes

AND Elevaied JVP = No AND $3 = No AND
Lateraly displaced apical mpulse = No Suspicion of HF
Yes No
l 1

ASSESSMENT OF HF PROBABILITY

I Chinbeal history:

History of CAD (M, revascularization)
Hustory of arterial hypertension

E & 4

v o Physician experience = ; AN sbnt

Use of diuretics

and heuristics Orthopnoa ! paroeynal nocturmal dspacea
1. Physical examination:

Cardiology Guideline

‘ Rales

| Bdareral ankle oedema
Heart murmur

Jugular vencus dilatation

Laterally displacedbroadened apical beat
o + o + o I present
> 4 Not HF

Physician
A

-
2
&

ECG Result
Normal

Abnomal

eform NT-proBNP or BN

True

| NT-proBNP Result I- --------------------

<= 125 pgiml > 125 pgiml
Ay \

o Real practice with Nothe | |”""“"E"“’°““’“’”’“"""| o o oe Pty

AIZIMIE] e CRE & existing systems




Stage 2: Knowledge Modeling

INTELLIGENT MEDICAL

Decision Tree "G

A e R — R /
2 o

Cardiovascular Diagnosis DT model
Breathiassnass = No AND Crihopnosa = No AND PND = No AND Red Bresthiessness - Yes OR OrNOENoea - Y25 OR PND - Yes OR

exemise blerance = No AND Fatigue = No AND Thredness = No AND Ankle Reduced exerse Dierancs = Yes OR Falgus - Yes OR Tredness =
sweling - No AND Elevaled JUP - No AND 53~ N0 AND Laterally depi2c2d oo or aniie sweling = Yes OR Elevaed JVP = Yes 07 S3 = Yes OR

apical mpulse = No Lateraly dispiacad apical Impuise = Yes
Mot HF Yes

Evauake HF Sx. &

Mind Map
.— —————— ——————m——- ->|"“'“"’ HEs«&sm|  Cardiovascular Diat
Perform Echecardiography = Yes OR Crthapeoea = Yes
Ereathicssness = No AND Orthognoca = No Yes OR Reduced exercse bietance = Yes

AND PND = No AND Reduced exercise Yes OR Tiedness = Yes of Anise sweling = )

e Legend

Condition - Recangle

. tokerar Emvated JVP = Yes o7 53 = Yes OR Laen
oy eyt oy S Spicalimpuise = Ves Ciinical History [ Aty - curved Box
) B ' o Rales = False AND Blaker
Echocardiography Result Lateraly dsplaced apical mpube = No Suspicion of HF e L TR [Hfory of CAD - Fatse AND T e e Compasite Conditon
Yes No ) (i ) I History of arterial hyperension = Heart mumur = False AN R ecommendation
LVEF =40% LVEF >=40% _ et . False AND Exposiion o candioioxic Jugular vencus dilatation <
Ent‘Efpnse' Arc Itect drugiradiaton = False AND Use of False AND laeraly
- s diwetes = False AND @splacedbradensd apica Abbrevations
nocumal beat= Fake

1
Evaluate LAVI l -
HF(EF confm e Moty w9 |__aysprosa - Fase) Fnyscal
K \ hypertension = True OR Examination NP Bpe nabumic pepie

. Chnkcal history: mypetenson - e OF
— Hatory of CAD (ML revascularizstion) xposiion fo cal c - e
<=3fmLim2 <=3 mUm2 .34 mium2 Hiccory ofsrars Rypercanson — dnigiradiation = True OR Rales - True OR Blakrl e
Exposition to cardhotoic druglradaation All absent Use ofdiuretcs = True OR anke pedema = Te OR e )
Use of diuretics. orhopnoeaipanxysmal Heart mumur = True OR FHRmeEF: Heart lhnngeﬁeﬁm. Fracion
Evaluate LVMI Orthopnosa | paroxysmal nocturnal dyspnoea noctumal dyspnoea = True Juguiar venous. diaalon = HFEF: Heart Failure with reduced Ejeclion Frackon
Te OR BERlY HFZER: Hesr: Fakre wih peeseried Ejaciion Fracion

1. Physical examination: erm ECG L apical JVP: Juguiar Venous Pressure
fase beat = Truz LVEF: Left Veririculer Eiecion Frackon

<85 gm2 <95 g/im2 Biaceral anide oedems N ot Bumilaisle =
E:E,T;'L'm.m Namal NT-proBNP: N rminslprs e nafurek: pepiie

Evaluate Key functonal Laterally daplacedibroadened apical beat BND: Parcayzmel Nochumal Cyzpres
~ === alterations S Symploms
| . 33 Thind Heedt Scund
pr <500 TRV: Fcuzpe vebcly

NT-proBNP Result
I Principal Investigators:
Prof. Sunyoung Lee (Kyung Hee University)

Dr. Deng-bu Choi (Secul National Uriversity
Haspital, Bundang)

=T Ele'>=13 OR ot
m5iE (VM septal = Yes C S l
<115 gim2 wall < § cmis € Perorm ECG

wan 3 [ un
True

Abnormal

erorm NT-proBNP or BN

T

Normal

Echocardiography Resutt|

Tacedr AR
Musarrat Hussain

Efe’< 13 AND mean &'
septal = No AND lakeral
wall >=9 cmis AND
longitudinal strain = No
AMD TRV =No

LVEF »=dlf%

LVEF < 4%

HEEF E\‘ME F

LAVI > 34 mim2

Knowledge Engineer

ue

LVEF >=50%

LVEF <50%

Evaluake LAVI

| HFmiEF confm | | HFpEF confm | | NotHF | NT-proBNP Resul

~ = <=35pgml e
NA BNP Resul h)
|

Teom 1 HEMIEF contm
> 35 pghn N 1
. <= 125 pgin) > 125 pgiml \‘ ‘.‘
.
s —
- e | o erfomn Echocardiograpliy Echocardrlography
. . NOT availuble

. Longitudingl strain = 15%
HFmMIEF contm

LAV <= 34 mim2

Efe'>=13

Evaluate E&'

e =13

Evaluate Septal orlatera) wall &'

ToEE =T onE

& Septal == 9 cmis

Evaluate sTain

Longiudinal stain =< 15% Disoussion & needed to finalize the
missing decisions.
1LETRV > 2.8 Then ?

Verification

TRV = 25 Omsec

TR

HFpEF confm valuake TRV 2.1 LVMI < 95 and Gender is Female

» Then 7
— 3.1 LVMI < 115 and Gender is Male

TRV < 250mEec | il

Female

Intensive meetings are required st v o t15mgmy P LVMI= 118z

. LVMI = 95 mgm2
iteratively. Physician \ Y. pubam S

e e

i
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Stage 2: Knowledge Modeling

INTELLIGENT MEDICAL
PLATFORM

Mind Map Decision Tree

.”" — ’>|E""”'E FEsessEn Cardiovascular Diagnosis DT model

Breathiessnass = No AND Orihopnoes = No AND PND = Ho AND Redude Breathiessness = Yes OR Grinopnoea = Yes OR PND = Yes OR

: exemise blerance - No AND Fatigue - No AND Tiredness - No AN Ankie Reduced exsrise Diemnce - Yes OR Fatgue - Yes OR Trednsss -
__________________ E”h" WF 450 Cardiovascular Diay SWEllng = No AND Elevaled JVP = NOAND 53 = No AND Laeraly gEpIacsd v op o gnpie sweling = Yoz OR Elevaled JVP = Yas or $3 = Yes OR
.‘ apical impuise = No Lateraly dispiaced apical Impulse = Yes

b = Yes OR Orthopnoea = Yes
Breaiessness = No AND Orthopnoea = No Yes OR Redueed extsese ieranee = Yes

AND PND = o AND Reduced exerese Yes OR Tiredness = Yes o Arkie webing = 1 Suspicion of HF
olerance = No AND Fakgue = No AND Elevated JVP = Yes 0r 53 7 Yes OR Lok
Tredness = No AND Anide sweling = No apcal mpulse = Yes. Ne
RN Frand AP o D 35 o D ot ot HF ves Legend
| Lateraly displaced apical mpukse = No Suspiion ol HF
Perform Echocal [[] condiion - Recangie
ves Mo Ciinical Hisory Acily - Curved Bax
i Rales - False AND Blaterd O Compastte Condton
TIAOR (HEHMY Of CAD = Fase AND anke 0208ma = False AN
Histary of arterial hyperiension = Heart mummur = Falss AN Recommendation
False AND Expositon 1 candioloxic. Juguiar venous diatation -
o s drugratiEton = Fase AND Use of Falsa AND EEmEy
- diusetes = False AND @piacedibracensd apical Abbrevati
T nacumal Mapl- Fake " on
History of CAD [M. revascularizaion) History of CAD = Truz OR
History of arterial ypertension History of aredal ayspnoea = Faise) Pnyscal |
Exponivon t cardatons drug radation Al absent nyperiEnsian = TruE OR = Examnaton B0 Bype nefiekpeplie
Use of duresics ExposHion to camdiobe
] o
HFEF confm Orthopnoea | parseysmal noctural dpipnoea dnugiradation ~Truz OR Rales = True OR Bllateral
Use of diuretes = Tiue OR anke pedema - Tuie OR I HemtPele
2. Physical examination: Orthopnoeaiparsysmal Hear mumur = Tie oR HAEEF: Heer Falure with midvenge Ejection Frackion.
Ralay noctumal @ - Juguiar venous diaion = HFAEF: Heal Fafure e reduced Ejection Fracion
Bdzeral ankle oedema yspnoea - True
<=affmLm2 — led . Tiue OR Gy HE2ES: Heart Fakurs wih prezaryed Ejecton Fractan
el Knowledge Engineer apkal VP Sy s Prezsue
Laterall dspiaced broadened spical beat beat = Trua LVEF: LeRVieriiculer Ejechion Frackon
Evaluate L Nk Not Amissle:
NT-pro3NP: N mminslpr Bdpe etk pepiie
<95 gm2 | J Not HE L
) 3 Thind Heart Scund.
= 95 g2 TRV: Fouspi ek
NT-poBNE Result
Gender | Principal Investigators
\ Prof. Sunyoung Lee {Kyung Hee University}
Male Fe Dir. Dong-u Choi (Seoul National University
Haspital Burdang)
]
e Normal Dosmain Ex
pp— matE LM Dr. Dong-Ju Choi (Seoul National University
<115 g Haspital Burdang)

P erform NT-proBNP o BNR Knowledge Engineers Team:
v TagrAl
T

+  Musarat Hussain

E\‘M.‘EF

NT-proBNP Result

Physicians

>=115gmz

<=35pgml o~ LAVI > 34 mim2

Evaluale LAVI
| NA BNP Result

HFIEF contm
--------- . o]
LVEF < 50%, N > 35 pgiml Ay 1
- 125 pgmi i\ i\
L =125 pgml \L " L Efe'== 13
HFmrEf A X HFmEF condm Evaluate E&'
Not HF [Perform Echocardiography ECthardrmgraphv jgt=13
NOT availuble

Evaluate Septal (orlateral) wall e

FoEE =T onE

& Seplal>= SemE

Longitudingl sirain = 15%
HFmIEF confm i Evauate sr3in

Longitudinal str@in =< 15% Discussion & needed to finalize the
missing decisiors.

LETRV > 2.8 Then 7
HFpEF cortm f TRV > 25 Omsec valak TRV 2. LVMI < 95 and Gender is Female

Then?
— 3. F LVMI < 115 and Gender is Male
TRV -<250meec | =

Femaie

Gender
LVMI <95 mg.mz)K LVMI == 85 mgim2 LVMI >= 115 mgm: LVMI < 115 mgin2

s




Stage 3: Rule Generation

Decision Tree

apical mpuse = No

Mot HF

Hisiory of CAD = True OR
History of arerial
hypertension - True OR
EXposiion 1o canioloxc
dugiradiation = True OR
Use ofdiuretes - True OR
onnopnoeaiparoxysmal
noctumal dyspnoea = True

ECG Result

NT-prOENP Resut

HFmIEF contm L

exarmisa lerance = No AND Fabjue = No AND Thedness = No AND Ankle
sweling = Mo AND Elevaled JUP = No AND 53 - No AND Lakerally dplaczd

No

Ciinkcal History

Cardiovascular Diagnosis DT model

Breathiessness - Yes OR Cithopnoea = Yas OR PND = Yes OR
Reduced exerise Dier@nce = Yes OR Falgue = Yes OF Tiedness =
Y es or Aniie sweling = Yas OR Elevaled JVP = Yeg 0r 53 = Yes OR
Lateraly dispiacad apical Impuise = Yes

Yes Legend
[[] conanon - recangie
[ ety -cuned Box
Rales = False AND Eliery
TIA OF (History of CAD - Fals2 AND ankz nedema - Faise AN Gompasite Gondton
Histary of arteral hypenension = Heatt mumur = Faise AN; Recommendation
False AND Exposiion 0 cardiolonc Juguiar venous diatton 4
drugiradiaton = Faise AND Use of Falsa AND iateraly
QlEtes = False AND osplacenbEgENed apical Abbrevations
nocumal beat = False
dysproea - Falss) [ Prysca |
| Examnaton P —
Rales = True OR Bllarl =
anke oedema = True OR FiF- Heert Faiue.
Heart murmur = True OR FiRmeEF: Heart Faikare with mid-mnge Ejeclion Fradion:
Juguiar venous diaiaton = FIFEF: Heart Failre wih reduced Bjeciion Fracion
True OR ieraly FiFpEF: Heart Faure wih preserved Ejeciion Frecion
I apleal VP: Juguier Vencuz Presmum
Deat = True LVEF: Lef Venirculer Ejecion Frackon.
Nomnal A et Al
NT-prahE: eeminsipr Bpe nefumic pepie
BND: Parcayzmel Nodumsl Cyzpres
S Symploms
33 Tind Headt Sound
<500 TRV: busp bl

|

LVEF <dlfe

Echocansiography Resutt

LVEF »=40%

HFIEF contm

EVMI’E F

LAVI > 34 mim2

Evaluale LAVI

LAVI <= 34 mim2

Efe’»=13

Evaluate E&'

<13

HFMIEF conam |.|<

HFPEF contm

HFmIEF confem

v

Longituagnal sirain > 15%

TepE =g onE

& Septal == 3 cmis

Evalsate

Principal Investigators:

Frof Sunyoung Lee (Kyung Hee University)
Dr. Deng-Ju Chei (Secul Mational University
Hozpital, Bundang)

Domain Expert:
Dr. Dang Ju Chi (Secul Mational University
Hozpital, Bundang)

Knowledge Engineers Team:
Tocir A
+ Musamat Hussain

Evaluate Septal (orlateral) wall e

srain

TRV > 2.5 OmEsec. valuak TRV

LVMI = 95 mgm2

LVMI >= 95 mgim2 LVMI >= 115 mg/m:

TRV =< 25 Omsec Mal

Longludinl strain =< 15% | Discussion & needed ba finafize the

missing decisions.
LETRV > 28 Then 7

2. FLVMI < 85 and Gender i Female
Then ?

3 FLVM < 115 and Gender is Male
i

Then

LVMI < 115 mgm2

Evaluate LVMI Not HF

Evaluate LVMI ==

Intelligent Knowledge
Authoring Tool (I-KAT)

Rule Canditons

Medical Experts

Knowledge Engineer

Total Rules: 15409

Rule # RuleTitle
1 CardiovasculerRule-1
2 CardiovasculerRule-2
3 CardiovasculerRule-3
4 CardiovasculerRule-4
5 CardiovasculerRule-5
6 CardiovasculerRule-6
7 CardiovasculerRule-7
8 CardiovasculerRule-8
9 CardiovasculerRule-9
10 CardiovasculerRule-10
11 CardiovasculerRule-11
12 CardiovasculerRule-12
13 CardiovasculerRule-13
14 CardiovasculerRule-14
15 CardiovasculerRule-15
16 CardiovasculerRule-16
17 CardiovasculerRule-17
18 CardiovasculerRule-18
19 CardiovasculerRule-13
20 CardiovasculerRule-20
21 CardiovasculerRule-21
22 CardiovasculerRule-22
23 CardiovasculerRule-23
24 CardiovasculerRule-24

LAVI Ee  eSeptal LongitudinalStrain TRV

=:35 <40
=35 (}:39 &50
=:35 »==:50
=:35 »=:50
=:35 >=:50
>=150
=:35 >=:50
=:35 | >=:50
=:35 | >=:50
=:35 | >=:50
=135 =»==:50
- <40
- {):39 &50
- »=150
- »=150
- >=150
- »=150

NOX XYY Y oy A
w
[

=34 - - -
<=:34 »=113 - -
<=:34 <13 <9 -
<=:34 <113 ==9 =115
<=:34 <13 >=9 =<:15
<=:34 <13 =9 =<:15
<=:34 <13 =9 =<:15
<=:34 <13 =9 =<:15
<=:34 <13 =9 =<:15

=:2.80

=<:2.80
=<:2.80
=<:2.80
=<:2.80

>=:115
<:115
<:95
»=195

Male
Female
Female

MNot HF
Suspecious HF
MNot HF

Mot HF

MNot HF

MNot HF

MNot HF

HFrEF confirm
HFrmEF

HF pEF confirm
HF pEF confirm
HF pEF confirm
HF pEF confirm
HF pEF confirm
HFpEF

MNot HF

MNot HF

HFpEF

HFrEF confirm

Cardio_D_1
Cardio_D_2
Cardio_D_3
Cardio_D_4
Cardio_D_5
Cardio D 6
Cardio_D_7
Cardio_D_8
Cardio_D_9
Cardio_D_10
Cardio_D_11
Cardio_D_12
Cardio_D_13
Cardio_D_14
Cardio_D_15
Cardio_D_16
Cardio_D_17
Cardio_D_18
Cardio_D_19
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Stage 4: Implementation (Login Screen) !

INTELLIGENT MEDICAL

Login Screen: Only authorized physicians can be logged in to the system

(7 Cardiovascular

2 | UserName” “ P ‘

Copyright © 2017.Smart CDSS for Cardiovascular Disease.

s
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Stage 4: Implementation (Dashboard) P

INTELLIGENT MEDICAL
PLATFORM

Dashboard: Shows all the patient data from EMR and EHR systems

(7 Cardiovascular

o] / Add .N ew
Search DASHBOARD  ADD l;ATIENT Patient
Patient
Dashborad Update
Patient List I;:D); ItSItell'r]]?
| Search Patients Hs -]
Patient [
abstract Hl John Roe 59 Female Yes 2017012
informatio . John Roe 7 i e —— Il Delete
" P3 John Doe 70 %i ) Yes 2017-09-12 ﬂ Existin g
] N e r i . o Ren Patient
P5 John Roe 78 Female Yes 2017-09-12 ﬂ
<« B 2 ¢« s s o > ol

s



Patient

Informatio
n —_—
And
Cardio
Informatio
n
Patient
clinical _

History

Patient
Symptoms

Patient
Physical
exam
informatio
n

@ Cardiovascular

= ’d

DASHBOARD = ADD PATIENT

Patient Detail

‘ [ vJohn Roe

[ P1 || #® sex: Femate |[ 59 ‘

| @@ ECG : Abnormal [ 101808 /( : | ene || 3095 ‘
SR ) :

| 49.66 || 14043 B4 IR |

|88 :“28 |

Patient Clinical History

| m® cAp:No

H I Arterial Hypertension : No

J® Exposition to Cardiotoxic : No

[

B Use of Diuretics : No

B Orthopnoea Paroxysmal : No

Patient Symptoms

| I Breathlessness: No

H B Orthopnoea: No H

B PND:No

H I Reduced Exercise Tolerance : No H

B Fatigue: No

H J Tiredness: No ‘

i B Ankel Swelling: No

H B Elevated JVP: No

B S3:No

\‘ B Nocternal Cough: No

‘[ B Laterally Displaced Apical: No

H B Impulse: No ‘

Patient Physical Exam

B Rales: No

H I Bilateral Ankel Edema: No

B Heart Murmur: No

B Jugular Venous Dilatation: No

W Laterally Displace Apical: No

SAVE RECORD




Stage 4: Implementation (CDSS Intervention)

CDSS Intervention: Shows the recommendation of a patient based on patient profile and sympto

The decision comes from knowledge base

CDSS Intervention

Final Recommendation: Not HF
Decision 'l Cardiovascular Diagnosis DT model

ploms &
Ankle swe! Nocleal cough

Knowledg
e Rule

triggered
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Stage 4: Implementation (CDSS Intervention) !

INTELLIGENT MEDICAL
PPPPP ORM

CDSS Intervention: Shows the recommendation of a patient based on patient profile and sympton

The decision comes from knowledge base

Recommendation: HF pEF confirm

Evaluate symptoms &

. Sign Cardiovascular Diagnosis DT model
Final .
D eC|S|O n Breathlessness
KnOW|edg Clinical Hisory
e R u | e History of
triggered pasone (A

Yes

Rale:

L
"
BNP Resuit
>=125
Yes, \I/ »>=35

Echocardiography Result

Perorm ECG

True

ECG Result

TN

~
NT-proBNP Result

»>=125

LAVI > 34 mlim2
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Stage 4: Implementation (CDSS Integration) P

INTELLIGENT MEDICAL

* |ntegration with EMR system

e According to Government policy, we cannot integrate our system with SNU EMR system
 We will define some protocol to merge our developed Silo with their existing System.

r - =
- et
T —— e —
| § T —
x =

C—

5l —

SNU Centralized EMR

Define Protocols for
special permission '

Implement the whole system as replacement
OAdaption Scenario

Integrate Cardiovascular Silo into eCRF

a Integration Scenario

AMZAAMIE oCRF & Cardiovascular Silo
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Stage 4: Implementation (CDSS Integration) P

Ii— e Adaption Scenario
—— 47%8/1E eCRF &

Requwed Efforts
System analysis
e System requirement understandability

a Integration Scenario

Cardiovascular Silo

* Feasibility Study
* eCRF source code available at SNU?

* No —Scenario 2 not feasible, Scenario 1 is
considerable.

* System Requirement Specification e Yes— Scenario 2 is feasible

* System Design « Development Team Availability at SNU?

* Data base Design  Yes - Collaboratively work

e System GUI Design and Development * We will provide CDSS web services

 CRUD Web services Design and * SNU Team will consume web services
Development * No - We will integrate Silo into eCRF

« CDSS intervention web services integration * Required Efforts

e System Testing and Development e Analyze CDSS intervention locations

* We have already developed CDSS Web services

* Required Resources .
) * Need to develop only consumer of CDSS services
e At least 3 developers are required .
* Required Resources

e At least 3 —4 months are required + 1 developer is required
e 10-15 days are required
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Stage 5: Evaluation (By Physicians) P

INTELLIGENT MEDICAL

IMP V1.0_KnowledgeModeling V0.2 20170925 Taqdir Ali

* System Accuracy
* The accuracy of the system will check by Residential Doctors in Cardiovascular Department of SNU.

With CDSS
Intervention

Without CDSS
Intervention

AMZAAMIE oCRF & Cardiovascular Silo
A

A

Enter patient data and Provide

Recommendation Enter patient data only

Residential Physicians

Compare Physicians’ recommendation and

System’s recommendation




Stage 5: Evaluation (Initial Evaluation)

INTELLIGENT MEDICAL

IMP V1.0 _System Integration_V0.5 20171127 _Taqdir Ali

e Total Number of Rules 1329 during first
evaluation Correct and Incorrect Decision

* Analysis of 600 Patient Data

* Physicians provides 600 patient data with already
given decisions.

* Generate recommendations using developed Silo for
600 patients. SR 4%

* Analyzed and compared the decisions of physicians Se15T%
and Silo '

m Correct Decisions

M Incorrect Decisions




Stage 5: Evaluation (Initial Evaluation)

INTELLIGENT MEDICAL
PLATFORM

IMP V1.0_System Integration_V0.5 20171127 Taqdir Ali

* Incorrect decision Classification
* Correct =259
* Sign & symptoms =50
e Clinical History = 199
* Physical Examination = 84
* ECG Normal =5
e QOthers=3

Incorrect Decision Classification

B Correct Decisions

M Sign & Symptoms

m Clinical History
Physical Examination

M ECG Normal

B Others

s
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Sta g e 5 : Eva I u at i o n (I n it i a I Ev ﬂ - T S Cardiovascular Diagnosis DT model

Ankle sweling Noctemal cough |NTE:-|-L":ETN:OMREIJ|CAL

IL%

|‘res
- o Cinlcal Hisory
a5
FiiN
Yes Dnnﬂ:pnoearpamuysm.al Use of dhrelics ::;o;r:m to canfiokouic :Bh:rr: n;:rhl‘lal
noCiumal ayspnoea U n ¥ perension History of
Mo /\/ K conmnary
No No Mo % No [CAlR

Sign & Symptoms halts 50 Patients e ’IW =S

A 4

ECG

A/ True Sl

Clinical History halts 199 Patients [ =eren |

NT-pro8SNP Result

Condition - Recangle
E Aciivily - Curved Box
[[] compastte conaton
|:| Recommendation

Physical Exam halts 84 Patients

Abbrevations
Evaluake LVEF
]
4D0% <= LVEF <5 g:lpiﬂwnuilrﬂ:pepﬂ:
Evaluae LavI HF: Heard Feire
LAVI> 34 mim2
HPmes T A — HRmrEF: Heart Falue i ik range Sieckion Fracken
HFEF: Hear: Falue weh rduced Sdicn Frackan
— HF5EF: e Fsire with presened Secticn Fractian

fer ==

=vanate S NP Jugaler Venous Pressure

ECG Normal halts 5 Patients sl

NT-peaBME': W-rmingl prs B ok pepiie
|- 2 Seplal = 9 cms Evaluate Septal wall ePND: Parmyzmal Nectarmal Dyzgnez
| HFpEF confrm | e

£3: Thind Head Sound

&' Saptal == 9 emis i e
TRV: feuzsd mqumibn vebick

Longkudingl siraln = 15%

Evanate longiudinal skain Principal Investigators:
Prof. Sunyoung Lee (Kyung Hee
Longlisdinal sirain == 15% University)
Dr. Dang-Ju Chei {Seoul National
University Hospital, Bundang)

TRV > XE Dmisec Evauat TRV

When the issues of bomsntmes

University Haspital, Bundang)

LVMI 2= 115 mgm2

aforementioned halting paths will — g
fix then the system accuracy will ]
be greater than 98%. ., N T

Mgl




IMP V1.0_System Integration_V0.5_ 20171219 _Taqdir Ali

* Changes in Decision Tree

» Before, the decision tree was halting the decision for
the Not Available values of attributes.

e Changed the decision tree for unknown values.

e Due to this change for each path, number of rules
drastically increased from 1309 to 15409.

 The number of rules increased due to combination
formula for each Not Available path.

e 15409 rules entered to the knowledge base in more
than 4 days (Approximately 98 — 100 hours).

* Generated Recommendation for 600 patients from
15409 rules in 1 and half day (Approximately 35 hours)

Q>

Breamiessness REI‘ILK:EH excanise nlerence  Tiedness

E'“'“‘*j;‘:““”“{ Cardiovascular Diagnosis DT model
Ankle wellng Foctemal cougn

Mo
Suspecious HF

=]

Cinical History
HA

Yes onnnpnaeaparanmal Use ofduredes  Exposition to cardiooxle HIStory of anenal History of
neciumal dyspnoea drngiradiation iy perension CORonary arteny
Ho lsagse (CAD)
hallh# A )
Physial Yes Yes
Juguer venous
Heart mu dllatation N apical beat
o

Examination
Elateral anki
Figa Np  edema . N
e,
Yes
W ’:(

[ Perm ECG F"

Momal

Abnomal Or NA

HT-HFDSN Fesult

BNF‘ Result
125IGI HA I
=35 OTHA
Ec ﬂucan:llng'apw Resun
LVEF < 40%

Eig' == 13

‘ HFpEF confim L

& Septal < 3 cmis

Longtudingl sirain = 15%

TRV = 2.E Dmisec

LW M1 >= 115 mgm2

HFpEF

LWMI| == 55 mgim2

Femake

LVEF >= 50%

40% == LVEF < &
e

ENP-
Ee:

LAV == 34 mlim3 Or NA

Evalate Ee’

Evaluate Sepial wall eFND:
Ex

aiad== 19 cmis
TRV:

Evaluate longludinal siain
aogiuginal strain =< 15%
Evaluatle TRV

¥.E Dmisec

Evaluata LVMI

LWMI < 115 mgim2 Or MA
Mgk

Condition - ﬁEEﬂﬂglE
ACN h‘ - Curved Box
|:| Compasite Condiion

|:| R ecommandation

Abbrevations

Edze nabuek zepide

Evaluak LAVI HF: Haart Failre
HRmEF: Hearl Faiure wit mid-mnge Ejecion Frackon
HFtEF- Heart Faiwe wih mduced edion Frackon
HFpEF: Head Failure with preserved Ejpction Fraclion
B Jugsler Nerous Brezsure
LVE:
oo | b
NT-proZE: Wieminal pr Bdm e nafureks pepide

Lft Ventriouls Ejecion Frackon

Pamay=mal Mociumal Dysgnza

53: Thind Heal Sourd
- feuszid mqugire vebcly

Principal Investigators:

Prof. Sunyoung Lee (Kyung Hee
University)

Dir. Dang-Ju Chioi (Secul Mational
University Haspital, Bundang)

Domain
Dir. Deng-Ju Chioid (Secul National
University Haspital, Bundang)

o ToqdraAl
. Musarrat Hussain

LVMI < 53 mgim2

Evwalate LVMI

-




Stage 5: Evaluation (Correction in Patient Data)

INTELLIGENT MEDICAL
PLATFORM

IMP V1.0 _System Integration_ V0.5 20171219 _Taqdir Ali

L] L]
° | Patient Dat
Symptoms & linical History || |Physical Exam (If ({normal= — Longitudinal SS u e I n a I e n a a
Age Gender|| Sign(Ifl1or If 1 or more=1, 1 or more=1, 0, BNP| LVEF | LAVI | LVMI | Efe" |e'septal| TRV : Expert Decision | CDSS Decision . .« .
more=1, No=0||  NO=0 NO=0 [abnorma| PPN strain(GLs) * For Symptoms & Sign, Clinical
=1) . .
76 M 0 0 0 1 4014.9 51.11| 61.01 |110.34| 7.14 | 5.6 2.3 17.4 HFpEF Not HF H|St0ry, PhySICaI Examl and ECG
57 F 0 0 0 1 3266.3 46.79| 24.34 |135.88| 124 | 7.5 HFmIEF Not HF
1 ;i : ;i e W s A * If 1 or more then value =1 (yes)
77 F 0 0 0 1 14666.3 49.3 | 33.04 | 62.22 | 15 2.3 HFmIEF Not HF
65 M 0 0 0 1 2928.7 44.35| 28.41 [106.53| 10.3 | 6.7 2.2 8.9 HFmIrEF Not HF and Value = O (NO)
74 M 0 0 0 1 3638.4 53.62 109.61|10.89| 4.5 2.3 14.7 HFpEF Not HF .
57 M 0 0 0 1 2840 51.53| 85.15 |229.82|17.92| 4.8 3.1 HFpEF Not HF b What about Not Ava||ab|e?
63 M 0 0 0 1 1239 55.24| 29 |120.32|15.92| 4.9 2.68 11.9 HFpEF Not HF
61 F 0 0 0 1 | 20646 47.95| 25.99 | 104.01| 8.85 | 3.5 HFmIEF Not HF e Whenever the value is zero in one
73 F 0 0 0 1 729.2 40.74| 40.3 | 88.34 |15.83| 4.8 2.1 HFmIEF Not HF
a7 M 0 0 0 1 1017 4459| 284 | 86.63 |16.32| 3.8 8.1 HFmIEF Not HF f h b b h
63 F 0 0 0 1 8253.5 37.93| 60.86 |185.74| 26.83| 4.1 2.3 9.1 HFrEF Not HF 0 t € above attrl UteSt en
64 M 0 0 0 1 79817 59.15| 32.97 | 89.2 |16.67| 6.9 12 HFpEF Not HF H h |
52 M 0 0 0 1 10358.2 17.72| 46 |139.26|23.75| 3.2 2.7 HFrEF Not HF patlent as NOt Heart Fal ure.
76 M 0 0 0 1 >35000 32.834| 58.33 | 122.7 | 23.72| 43 3.2 9.2 HFrEF Not HF And no need tO Check Other
76 M 0 0 0 1 10231.6 60.66| 41.94 |147.45|23.52| 5.4 3 15.9 HFpEF Not HF
30 F 0 0 0 1 447.3 48.19| 30.26 | 7161 | 9.21 | 10.1 1.9 14.4 HFmIEF Not HF .
77 F 0 0 0 1 |102741 60 7012 | 872 | 3.9 2.1 HFpEF Not HF attrlbutes.
22 M 0 0 0 1 3218.2 52.05| 27.01 |122.59| 6.58 | 111 2.4 HFpEF Not HF

* Conclusion is that, the values for
* Incorrect decision Classification the above attributes is not zero, it
* Sign & symptoms =50 is Not Available.
* Clinical History =199
* Physical Examination = 84
e ECG Normal=5
e Others=3



IMP V1.0_System Integration_V0.5 20171229 Taqdir Ali

* Analyzed 600 patients with new set of Rules
(15409) based on Modified Decision Tree
* Correct Decision =590
* |Incorrect Decision =10
* No Decision=0
* Overall Accuracy = 98.3%

.———— et [t i Cardiovascular Diagnosis DT model
| e
Breamiessness Reduced excendse Dleence  Tiredness Ankle sweling Foctemal cougn
No Mo No No No Hat HE
Yes -
Suspecious HF Tes
P Cinleal History =

T

CrhopnosaPANRYEMal o Loy ges

neciumal dyspnoea

Exposition to cardioloxic HIStory ofanenal

drngiradiation iy perension

History af
conanary arery
lsagse (CAD)

=G

-]

g
T

hysical

Yes

No

b=

Examinaton
Elateral ankle T JUGUEr vEnous
edema =an mu dllatation
No Mo No No | 2Picalbest

o, \lf're;s

Momal

Abnomal Or NA

NT-proSNP Result

=128

Not HF L

HA

=35
BMP Result
e 125IGI HA I

Echocandl

>= 35 OTNA

ography Resur

LVEF «=40%

LVEF >= 50

o
40% == LVEF = 5

o

Eig' == 13

& Septal < 3 cmis

‘ HFpEF confim L

Longtudingl siral

n = 15%

TRV = 2.E Dmisec

LW M1 >= 115 mgm2

LWMI| == 55 mgim2

Femake

e

LAV == 34 mlim3 Or NA

Evalate Ee’

aiad== 19 cmis

Evaluate longludinal siain
aogiuginal strain =< 15%
Evaluatle TRV

¥.E Dmisec

Evaluata LVMI

LWMI < 115 mgim2 Or MA
Mgk

Condition - ﬁEEﬂﬂglE
ACN h‘ - Curved Box
|:| Compasite Condiion

|:| R ecommandation

Abbrevations

ENF- B4ze nabusk zepide
'

Evaluak LAVI HF: Haart Failre
HRmEF: Hearl Faiure wit mid-mnge Ejecion Frackon
HFtEF- Heart Faiwe wih mduced edion Frackon
HFBZF: =aad Faiure with prasened Saction Fraction
JF: Juguler Venous Sresaure
LVEF: Left Venirioslar Bjerien Frackon
Eig' = 1 Nl Mok Avsiable
NT-proBN9: Wi minal oo B4 nefurels pepide
Evaluate Sepial wall e;ﬂipﬂmﬂmmwﬂ

53: Thind Heal Sourd
TRV feuspid =qumision velbcly

Principal Investigators:

Prof. Sunyoung Lee (Kyung Hee
University)

Dir. Dang-Ju Chioi (Secul Mational
University Haspital, Bundang)

Domain
Dir. Deng-Ju Chioid (Secul National
University Haspital, Bundang)

Tagdir A

Musarrat Hussain

LVMI < 53 mgim2

Evwalate LVMI

-
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Q> E“"‘*‘Lﬁé‘}"”““‘{ Cardiovascular Diagnosis DT model
Breamiessness Reuu::eu excemise pleence  Tiedness Ankle wellng Foctemal cougn
|
ArdioVve 0 o DE 0 2 z W/ = ] [l]s
Cinisal History ‘IE
MNA
=
- ?&?ﬁﬂ:ﬁ;’ﬂ:ﬁ“" Vee ofdurets 5.1‘.5?2’3‘.2"1& e prfl:;:m covercuy sy .
. sease (CAD)
IMP V1.0_System Integration “ -
= e -
Physial | Yee
Cardiovascular Silo decision comparison

Examination
Elateral ankig T
o =an mu dliatati
wo  BdEma Mo Ne D/n/"\m] apical baat
Ny
10
e, Yes
b=
Yes

Yes

Pemm ECG [}

‘ True
ECG Resut Homal
Abnommal Gr NA
<125
—
NT-prosSHP Resut — e ;

=35
BMF Result Legend
B 125IQI MNA I Condition - Rec@ngle
>= 33 OTNA Acivily - Curved Bax
|:| S
|:| R ecommandation
LVEF < 40% LVEF 5|:|

= Correct Decision = Incorrect Decision

Incorrect Decision =10

* o
40% == LVEF = 5

ENF- B4ze nabusk zepide
'

o

LAV == 34 mlim3 Or NA

Efg' == 13

Evalate Ee’

Evaluak LAVI HF: e Failgrs

HRmEF: Hearl Faiure wit mid-mnge Ejecion Frackon
HFtEF- Heart Faiwe wih mduced edion Frackon
HFpEF: Head Failure with preserved Ejpction Fraclion
B Jugsler Nerous Brezsure

LVEF: Left Venirioslar Bjerien Frackon

Eig' = 1 Nl Mok Avsiable
NT-proBN9: Wi minal oo B4 nefurels pepide
Evaluate Sepial wall eFND: Pamaymal Nocmal Dysznes
Sx: Symploms

* Reasons:
* For 7 patients, ECG =0, we changed to

Not Available O - il
* For 3 patient, system generates right

& Septal < 3 cmis

‘ HFpEF confim L

£3: Thind Head Sound
TRV feussid mgunisibn vebcly

aiad== 19 cmis

Longtudingl sirain = 15%

TRY = 2.5 Dmises University Haspital, Bundang)

Evaluale TRV
Domain

.5 Omisec Dir. Deng-Ju Chioid (Secul National
University Hospital, Bundang)
LV M1 >= 115 mgm2

decision based on data, but physicians = e L St
already given different decision. . (U 2




IMP V1.0 System Integration

* True Positive, TP =590
* False Positive, FP =10

* Accuracy
* Accuracy
* Accuracy

* 98.3%

(TP + TN)/(TP+TN+FP+FN)

(590 + 0)/(590+0+10+0)
0.983

Evalale sympoms &

Cardiovascular Diagnosis DT model

T e
Breamiessness Reduced excarise nleence  Tiredness Ankle sweling Foctemal cougn
Mot HF »
No o »
Cinical History
MA
es OnnopnosapaoRyEMal oo eoe e, Exposiion bo cardioiode HIStory of aneral History of
nesiumal dyspnoea drngiradiation iy perension coronary artery
Nat HF Ho sease (CAD)
\T/ NW NO Y\ Mo ND
a8 Yes
Yeg
Physkal | Yes Yes
Examination
Elateral ankig JUGUEr vEnous
oE = np edema apical beat

Momal

=128

>= 35 OTNA

Echocandiograpny Resun

LVEF «=40% LVEF = 50

Legend
condition - Recangle
H Actity - Curved Bax
|:| Compasite Condiion
|:| R ecommandation

Abbrevations

o
40% == LVEF = 5

ENF- B4ze nabusk zepide
'

LAV > 34 miim2

Eig' == 13

HF: Hesri Failure

HRmEF: Hearl Faiure wit mid-mnge Ejecion Frackon
HFtEF- Heart Faiwe wih mduced edion Frackon
HFpEF: Head Failure with preserved Ejpction Fraclion
B Jugsler Nerous Brezsure

LAV == 34 mlim3 Or NA

& Septal < 3 cmis

LVEF: Left Venirioslar Bjerien Frackon
N Mok Asinble
NT-proZE: Wieminal pr Bdm e nafureks pepide

‘ HFpEF confim L

Longtudingl sirain = 15%

Evaluate Sepial wall ePND: Pamayzmal Nochiral Dyssnzs
Ex

53: Thind Heal Sourd
TRV feuspid =qumision velbcly

Evaluate longludinal siain

TRV = 2.E Dmisec

Principal Investigators:

Prof. Sunyoung Lee (Kyung Hee
gnal strain =< 15% Unbrgesity)

Dir. Dang-Ju Chioi (Secul Mational
University Haspital, Bundang)

Domain
§.E Omisec Dir. Dang-Ju Chioi (Secul National
University Haspital, Bundang)
LV M1 >= 115 mgm2 Evatale LVMI
HFpEF valua
— »  TagdrAl
LW MI < 115 mgimZ Or A ®  Musarrat Hussain
Male
Femaie
LVMI == 25 mgimz LVMI < 55 mgimZ ot HE

Evwalate LVMI




Lesson Learned

Decision Tree Eliminate Validation by inspection
Inconsistency reduce errors in knowledge

- paSmart @
Clinical Decision Support System »

Lesson Learned %

DTs makes knowledge
explicitly

Test-based Validation enables
growing of knowledge
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