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Clinical Decision Support System (CDSS)

What is CDSS?

« CDSS is a tool that helps in

making better medical decision
thereby reducing clinical errors
and improves quality of care.

| Clinicai practice,
guideiines

» CDSS has potential applications

in area of;
v'Generating alerts and reminders
v'Diagnostic assistance
v'Therapy critiquing and planning
vImage recognition and s ;
interpretation . ”";g &

cccccccccccccccc

M,
-

Efficiency of healthcare delivery Ditiwat Safat
atient Safety

A Source: Wilfred Bonney, Capella University/ HLy International, Canada: Impacts and Risks of Adopting Clinical Decision Support Systems, Chapter 2.



CDSS Domains

CDSS Performance in various domain

CDSS Performance

76%

Performance

Reminder Diagnostic Disease Mgt Drug Dosing Prescription

System System System System System

Healthcare Systems

Source: Dereck L. Hunt., et al. “Effects of computer-based clinical decision support systems on physician performance and patient outcomes: a systematic review” Jama 280. 15 (1998). 1339-1346.




Requirements of Healthcare System

Personalized Reliable

Accurate Transparent Context Aware Easy to use

Source:  Little, L. and Briggs, P., “Ubiquitous Healthcare: Do we want it?” Proceedings of the 22nd British HCl Group Annual Conference on People and Computers: Culture,
Creativity, Interaction-Volume 2, 2008




Openlssues in CDSS

Knowledge Representations

= Arden Syntax , XML, Ontological Representation, RDB
Knowledge (Rules) Type

= MLM (Medical Logic Module) vs Plain Rule (Production rule)
Knowledge Acquisition & Quality

= Data Driven, Expert Driven, or Hybrid

= |ntegrity, Accuracy, interoperability, Shareability, Up-to-date
Knowledge Validation & Verification

= Model level, Execution level, or both

= RDR (Ripple Down Rule), CBR (MLM Augmented CBR)
Authoring Tool Support

= |nterface for Knowledge Maintenance

= Ul/UX, Analytics, Visualization

Evidence Support

* Query and Quality for PubMed
Interoperability

= Process interoperability and Data interoperability
= Standardization (HL7, FHIR)



Proposed Idea

Hospitals

physicians

Caregivers

Pharmaceuticals

CDSS

INFERENCE
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Laboratories

Industries
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Business
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HOW TO CREATE / MAINTAIN

Limitations (Data Driven)

e Accuracy Issue
¢ Knowledge Validation \
v Evidence is missing (from standard guidelines)

UPDATE

CREATE/ «

-

| Gets Knowledge from guidelines |

Limitations (Expert Driven)

o Highly dependency on Knowledge Engineer (KE) -~
v Difficult to validate knowledge by KE
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Knowledge Type: Plain Rule vs MLM

Plain Rule Medical Logic Module
i
;

Natural knowledge e 0 No shareability

representation @ No relations between rules Standard Representation @ @ Complex
implementation
Easy to understand @ @ lLess expressive shareable knowledge @ Medical Logic
i i
° . .
Explicit separation Pla Ta ® o evidence support 3 Evidence support @ Module - Integratlon.
between o | M LM Problem with HIS
knowledgg and Ru Ie Q Ineffective search strategy | Highly expressive 0
processing | e Transformation to
. . . Meta information handling @) executable code
Supporting e e Not Turing complete system !
incomplete and o _ _
uncertain () No uniform implementation Clinician centric representation [+
knowledge e Q }

Explicit knowledge specification e
Uniform structure No mechanism for handling

meta information

MLM is hybrid between production (plain) rule and programming language



Proposed CDSS : SmartCDSS

-

Smart CDSS Architecture

Offline Knowledge

Acquisition
Off-line Data Driven KAT(Knowledge Authoring Tool)
Data Driven Knowledge Acquisition Provide knowledge authoring

Acquisition environment for domain
Smart CDSS Framework knowledge experts

Knowledge Button

TR Retrieve documents from

PubMed to provide evidence
support for knowledge

KnowledgeButton Manager

Rule Editor Rule Validator Compilation Module

Syntax Validator |
m
MLM Repository Rule Builder

Object
Coder

Smart CDSS
Consumer

EMR/PHR

Output Response
Handler

Input Request Handler
Arden Syntax Studio

N

NowED -V >
Ontology S
Base -- epOSIte

Adaptability Engine Knowledge Engine

CDSS Fagade -\
PubMed comprises more than 26
y Knowledge Manager
Adapter

T T million citations for biomedical
ENIRPHR literature from MEDLINE, life science

journals, and online books

[reeve |1
1 n
=

Al

Interface between
CDSS and HIS

Adaptability Engine

Adapter
Interoperability Engine

Interface Engine Smart CDSS KB and Reasoner Executable Environment

MEMAdgmentedCeR Execution Engine

o
— Similarity 22 Execute inference engine to
e i '
Funcion Clinical Knowledge generate recommendations

Clinical Models

Anonymization Service




Major Contributions of SmartCDSS

Clinical Practice
Guideline (CPG)

Rigorous Inspection

Clinical Knowledge

Clinical Model (CKM) o
Guidelines Gu:lc;elmec-’enabled
ata-driven

Prediction KNOWLEDGE
Model (PM) ACQUISITION

-> %{é Validation Verification

Uniqueness #1

Machine
Medical Learning
Practices data

Evidence-based Knowledge Evolution

Uniqueness #3

Q Relevant Evidences
O Quality Evidences

Refined Clinical *
Knowledge Model Knowledge

Authoring Tool (KAT)

* Domain Clinical Model (DCM)

Qc Reconciliation .

Virtual Medica. Model (SRM) SNOMED CT
Record (VMR)

Computer
Interpretable
Guideline (CIG)

—)

Health Services

d Shareable
Q Interoperable ) _
Q Integratable Diagnosis

M |_|V| S Treatment

KNOWLEDGE BASE
Reminders

Alerts

Uniqueness #2

Health Information System




Knowledge Acquisition



3 Phase Knowledge Acquisition Model

CLINICAL
_ KNOWLEDGE
» MODEL

Phase-I: Clinical Kn®Wledge Model from Clinical Data

Clinical Pre-Processing

Guideline Knowledge
Model (CKM)

ROLES

&

a

Clinical Domain Knowledge

Expert

Selection of

HIS Medical
Records

Objectives
for CDSS

ntervertion J —
=R —

Set of MLMs Clinical Knowledge
Base

{CLINICAL DOMAIN

SELECTION } (AHZ) (AHX) (AHX)

Identification Defining data
of Arden requirements for
Artifacts and each MLM in term
MLM creation of vMR and
SNOMED

Selection of
candidate
MLMs from
R-CKM

machine learning
algorithm

Predictive
Model (PM)
creation

Engineer

Refined CKM

(R-CKM) creation

from PM by

wvalidating against

Selection of
knowledge
representation
scheme (Arden
Syntax)

CKM

REFINED CLINICAL
KNOWLEDGE MODEL ¢

PHASE - lll

Phase-lll: R-CKM Conversion into MLM
(Expert Driven)

Phase-Ill: Prediction Model from patient medical
record (Data Driven)

Phase-Il: Refined Clinical Knowledge Model after
validation of PM from CKM (Guideline Enabled)




Summary of Data-Driven Knowledge Acquisition

ngorous Inspectlon

Contribution #1

Clinical

Guidelines
v

Clinical Knowledge

|
§ §
. .
ﬁ Model (CKM) ﬁ
@ g
ﬁ Proposed Knowledge Acquisition g
g ——) ( Guidelines Enabled Data-Driven Knowledge Acquisition ) — R-CKM g
g
ﬁ Tg '§ Prediction Refined Clinical Knowledge Model g
ﬁﬁ = -»> Model (PM) " (R-CKM) - ﬁ
1 ~_ %
g Machine Learning ( ," §
.
g Verification §
. .
4 )
g d Step-1 N 4 Step-2 b Step-3 Problem Functions Model Proving g
ﬁ Select decision path Modeling (Operations) States Consistency ﬁ
- from prediction f
g model Refine the decision R-CKM Evolve RCKM Initialization g
. £ path of PM Theorem §
. 5 Add Path 0
f 3 Validate v ﬁ
ﬁ ialst = the Rk Pre Condition f
g Set valldatlon decision > EVOlVe R_CKM fOI’ . R_CKMI > g
g Criteria e Yes new path PM Path Validation Theorem g
< .
ﬁ . v . CKM > Retrieve CKM g
ﬁ Assign Criteria g §
ﬁ Priorities - - . g
- > Retrieve PM f
ﬁ . J J / ~ ﬁ

3
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Knowledge Authoring Tool



Features of Knowledge Authoring Tool

i Easy-to-use
Knowledge y

Creation

Transformation of Physician Practices and

experiences into knowledge base
\ y,
e N

4 N

= Shareable

Knowledge

. Knowledge evolution and conflict resolution
Maintenance

Clinical Knowledge

\_ J
( )

Knowledge Physician’s knowledge transformation | Shareability Knowledge
— - »| = Interoperable
Transformation to Arden Syntax MLM
g ) Knowledge
4 )

=  User-Friendliness

Knowledge
Compilation

Arden Syntax compilation to Executable Code:

| C# code ) \ /

(

Interoperability

Knowledge
Execution

Integration of knowledge base to executable

environment
. y,




Expert Driven Knowledge Acquisition with KAT 37

e Tessan Supoar Syien

A 2

Clinical Domain Knowledge
Expert Engineer

CLINICAL
KNOWLEDGE
MODEL

Clinical Data
Pre-Processing

Clinical
Knowledge
Model (CKM)

2
=

) — mj:?\li:itilzgr?'lfing R .
\'g HIS Medical . 2~
Qs Records algorithm
Q

Objectives
for CDSS
Intervention

Predictive
Model (PM)
creation

Knowledge
Authoring

TOOI {CLINICALéMAIN

£ UI
= —
Set of MLMs Clinical Knowledge
Base

Refined CKM
(R-CKM) creation
from PM by
validating against
CKM

SELECTION

Identification
of Arden
Artifacts and
MLM creation

Defining data
requirements for
each MLM in term|
of vMR and
SNOMED

Selection of
knowledge
representation

scheme (Arden

Syntax)

Selection of
candidate
MLMs from

R-CKM

REFINED CLINICAL
KNOWLEDGE MODEL

PHASE - lll

Phase-lll: R-CKM Conversion into MLM
(Expert Driven)




Smart

Motivation of Knowledge Authoring Tool

e Tessan Supoar Syien

/0 owarmien Plain Ru Ie |‘£_Knawiedge Authoring tool

N | : -
maintenance:

title: Palliative Treatment By Phys sutecondiion
Standard MLM \

Standard MLM

Recommendation

arden: Arden Syntax VS

version: Version 2.7;; specialist: Dr. Physician 3;;

Law cholesterol is recommended{Whale -wheat

maintenance: : CD\)\ > mlmname: Palliative Treatment ] RS >
o den: Arden S Va.7;
e Pallitive Treat N > Not Shareable version:Version s | e L > Shareable
mlmname: Palliative 6 > N ot I n te ro p era b Ie gﬂiggl::tgszPslg]:ilccizlxg;; e Sl > I n te ro p era b I e
> >

institution: SKMCH; I date: 13/01/2015;; W.!I:A with peas and spinach Fibeq envich) Jand 20 I
o Phmicil Complex s pjouon; More Complex

Library: (Hlde by KAT)

purpose: Experimental testing;;

specialist: Dr. Physician 3;;
date: 13/01/2015;;

. validation: testing;; explanation: Experimental testing;

lerary: keywords: Oral Cavity;; SNOMED CT vMR
purpose: Experimental testing;; citations: ;; ] I
explanation: Experimental testing;; I(nowledge:
k.eyv\./ords: Oral Cavity;; (‘type: data driven; ; )
citations: ;; data: ProcedureEvents := object [ProcedureEvent];

Knowledge: ProcedureEventList := read as ProcedureEvents

(type: data driven;; ) { select ProcedureEvent FROM client Where ProcedureEvent.procedureCode IN ("395077000")};
data: Recommendation: := object[ProcedureEvent]; Treatment Intent
ionlist = (): -

L LET varTreatmentIntent = BE Read { Select TreatmentInten from ClientDB }

evoke: null_event;;
/~ logic: N\
ProcedureEventListDetail := EXTRACT ATTRIBUTE NAMES ProcedureEventList;

ProcedureEvent: := ATTRIBUTE ProcedureEventListDetail[1]] FROM ProcedureEventList;

”»

evoke: null_event;;

f logic: \

if ( varTreatmentIntent is equal to Palliative)

{ IF( (ProcedureEventi.procedureCode = "395077000" And ProcedureEventi.procedureMethod = "363676003") )
Conclude true; THEN
b recPart1 := new ProcedureEvent with "108290001";
action: reci := new Recommendation1 with recParti;
WRITE "The recommended treatment plan is Radiotherapy” recommendationList := recommendationList, recy;
\_ at stdout dest;  ;: J action: } -
WRITE recommendations.procedureMethod;; Radiotherapy | | Treatment Intent | | Palliative |
\_ at stdout dest;

\__ /

end;

.
L —————



Advantages of KAT over ArdenSuite

1f Treatment Intent is palhatlve then radlotherapy is recommended as treatment plan.

Plain Rule

1
M ArdenIDE - Bxp & 1016 15:41:51) l
File Editor Compis’ I o 1 iD KAT Intelligent Knowledge Authoring Tool . 8 Account - & Dr. Arif -
-0 project B perttBiami ms | M. Knowledge Authoring tool
--[M] Expert1B
- [H] ExpertiN = {\,e : .-
: C)\) Btie Trern £ Piion 3 l
O : | < R f ? KAT is | han Arden$S
wntax Y2.75)
6@ Sion 2.7 % Rate of syntax errors in is less.than ArdenSuite
SKMCH: < f h h h d
N s Expert’s performaqce of KAT is higher than ArdenSuite ...} ... |
ysician d. i - Fiber Enrich
% ArdenSuite requires more efforts of exper sto remin - ETER
—w— | w:lu'wah p:m :::nhwrum (Fiber enrich) Jand 20
2w Bl tasting: syntax and structu ne of ML o = ,
13 explanation: Experimental testing:: -
14 keywords:  Oral Cawitws; | il P
15 citations: 1
16 links: s 1 Explanatio: | Experimental testing
17 knowledas: D ‘t 1 £
1a r ;y:e! datacdriven i a a, Concepts ® Clinical Model Concepts SNOMED CT Concepts
19 ata:
20 LET varTreatment Intent = BE Read { Select Treatmentnten from ClientDE N
o ) IF (Condition) LOgIC THEN (Action) ACUOH
22 priority: ngh i L 1 Treatment Intent = Treatment Plan = Rad! :1hE‘a|Ju-‘
23 evoke!  uger evoke ! Og |C :
o4 flngic: \ Pal |at|ve
26 it varTreatment Intent is equal to Palliative ) Radica
26 { Unknown
el Conclude true: N/A (Mot Available) = 4
20 ¥ 1
29 Else : Show Created MLM =~ Save Rule
a0 1
31 Conclude false: 1
32 i 1 : ———— :
33 . J 1 & Tree Demographics/History ~ Diagnosis ~ Staging  Treatment  Show All
534 action 1
3R [ Write "The recommended treatment plan is Radiotherapy” ] 1
36 resources: . 1 -
a9 default: Action I IHTM ~~~~~ ]
Treatment |
3 language: 1 {singing |
39 end: 1 [icinica! staging ]
an 1 s
\ 41 / 1 M
1
N 1
|
|
|
1
1
1



Medical
Record (vMR)

Shareability, Interoperability

Domain
Clinical Model
(DCM)

Semantic
Reconciliation
Model (SRM)

Why SRM?

* SRM provides standard data model for final CIG,
which is build from three different data models;
to achieve following benefits.

« DCM to SNOMED Mapping

* [t is mapping between clinical concepts of
HMIS systems and SNOMED CT.

It enhances the shareability, flexibility, and
user friendliness

« DCM to vMR Mapping

It provides mappings between clinical
concepts of HMIS systems and VMR schema
classes.

* |tincrease user friendliness and

SNOMED CT

DCM.treatmentPlan = vMR. procedureEvent. procedureCode = SNOMED. procedure.radiotherapy

Interoperability

DCM-vMR Mapping

| VMR-SNOMED Mapping | * SNOMED to vMR

o> Intelli-sense Flow * Itis mapping between the concepts of

DCM.treatmentPlan = SNOMED. treatmentPlan.code

‘ DCM-SNOMED Mapping L

| SNOMED CT and vMR schema classes.

 |tis useable for shareability, and
> MLM Creation Interoperability




Comparative Study

Prediction
Model (PM)

&

Machine
Learning

@ Rigorous Inspection
+
w_

Clinical Knowledge

Model (CKM)
)

/

— o o e e e o e e e e

I
|
|
|
I
|
|
1
I
|
1

Validation and Verification

\

Refined Clinical —
Knowledge Model
(RCKM)

Guideline-enabled —_
Data-driven
/

KAT Pros:

Automatic Generation of Shareable, Interoperable MLM in
User-Friendly Environment (ISF)

Hide structure and syntax complexity

Intelli-sense for easy selection of concepts

Intelli-sense to provide controlled environment

ArdenSuite Pros:
* Easytodevelop
* Commerciallytested and available

Virtual Medical .

Record (VMR)

KAT Cons:

Contribution #2 *  Extrawork for mapping
* Nosupport for fuzziness ( Fuzzy Arden Syntax)

Knowledge
Authoring Tool (KAT)

Domain Clinical Model (DCM)
Computer

/ \ Interpretable
Semantic Reconciliation

Model (SRM) . Guideline (CIG)

SNOMED CT
MLMs

User Friendly KNOWLEDGE BASE

uoREdLIIA puE UonEpPIjEA

ArdenSuite (Medexter)

ArdenSuite Cons:
Extra burdenfor physicians
No interoperable MLM
Complexinterface
Physician responsible to deal with
complex structure and syntax
No Intelli-sense




UserLogin

iD KAT Intelligent Knowledge Authoring Tool Dont havean acount € Back o Homepage

| * Authentication: [-KAT provides
Member Login ] )
user login screen to authenticate
=" domain experts.
* Domain experts can see the
screens based on his/her role.
* Enter user name
* Enter password

P

Keep me signed in m




Dashboard

ID KAT Intelligent Knowledge Authoring

5]

Dashboard

& Account ~

& Dr. Arif =

f= Rule List

eate

RULE TITLE RULE NAME INSTITUTION AUTHOR NAME SPECIALIST NAME CREATED DA}\\
TreatmentPlan for Oral Cavity Palliative MLMTreatmentPlanPalliative UC Lab Dr. Maghool Dr. Magbool 08/01/2015 m
Oral Cavity Treatment Plan (MLM1) CralCavityTreatmentPlan(MLM1) Dr. Hassan Igbal Dr. Hassan Igbal 12/01/2015 m\
Palliative Treatment By Physician 3 Palliative Treatment By Physician 3 SKMCH Dr. Physician 3 Dr. Physician 3 13/01/2015 View
Treatment Plan By staging Physicain 3 Treatment Plan By staging Physicain 3 SKMCH Dr. Physician 3 Dr. Physician 3 13/01/2015 View
Treatment Plan Palliative By Physician 1 Treatment Plan Palliative By Physician 1 SKMCH Dr. Physician 1 Dr. Physician 1 13/01/2013 View
Treatment Plan Disease By Physician 1 Treatment Plan Disease By Physician 1 SKMCH Dr. Physician 1 Dr. Physician 1 13/01/2015 View
Treatment Plan Palliative by KnowledgeEngineer | Treatment Plan Palliative by KnowledgeEngineer | UC Lab KHU | Knowledge Engineer | Knowledge Engineer | 13/01/2015 View
112(3)|4|5
M Motivation € Goals

* Module of smart CDSS to develop, manage and maintain the Knowledge Base

® Provides environment for expert physicians to store their kno

Base.

ledge in Knowledge

s Provide facility to enhance the clinical knowledge of knowledge base.

® Uses HL7 Arden Syntax standards to populate MLM reposit

Ubiguitous Computing Lab,
Kyung Hee University (Global

Campus),

The UCLab. at the

acilitate domain experts to create and maintain knowledge base using easy to use

toal

Create sharable and reusable knowledge for clinical communities.
Reduce limit of time and efforts of software and knowledge enginears.
Acquire clinical knowledge from different clinical online resources

e Tessan Supoar Syien

“.

Dashboard: facilitation for
domain expert to view existing
rules at a glance.

Create New Rule: it is used to
navigate domain expert to
new rule creation
environment

View: it is used to view and
modify the existing rules.




Rule Editor

iD KAT Intelligent Knowledge Authoring Tool

=]
Rule Editor
4 N
[ RuleTitle: ' Oral Cavity Treatment Plan (MLM1) Author's Name: Dr. Hassan Igbal -
i= Rule Editor ‘ 9
+
! MLM Name: | OralCavityTreatmentPlan(MLM1) Institution: ©
Rle £
-
MLMN&Created Date: | 12/01/2015 Citation: NCCN Guideline LE
C ~ . . .
, = T Meta Information: Information about
Purpose: | Find the treatment plan for Oral Cavity B
v rule’s title, author, specialist, creation
E ’ ? p 7
- L Explanatio: | treatment plan for Oral Cavity using Radical and clinical staging .
Explani
: , J date, purpose, and explanation.
E r Concepts @ Clinical Model Concepts SNOMED CT Concepts ﬂ\
IF (Conditi P
( % .
Treatmen| IF (Condition) THEN (Action) % / Plane RUIe‘ It IS used to enter
Treatment Intent = Radical and (T=T1or T=T2)and N = N1 Treatment Plan = Surgery; DG{.)/ L d Ru Ie Cond ition
Treatment Plan = RT c
o * Rule conclusion/Action

Show CL

PR , : Domain Model: it facilitates experts
[ [romanconce | to select desired standard domain

Treatmen ..
| TR | concepts and values for rule condition
and conclusion.

7

Sugrery Pathology
Surgery
Radiotherapy
Treatment Plan
Treatment Intent
ECOG

Staging

Diagnosis
Demographics History

Domain Model

“




Rule Editor with Intelli-sense

iD KAT 'ntelligent Knowledge Authoring Tool

Rule Editor

i= Rule Editor

Rule Title: | Oral Cavity Treatrment Plan (MLM1) Authar's Name: | Dr. Hassan Igbal
MLM Mame: | OralCavityTreatmentPlandMLM1) Institution: | e.g
Created Date: |12/01/2015 Citation: | MCCN Guideline

IF (Condition)

E S

Radical
Unknown
N/A (Not Available)

* Intelli-sense: This
functionality facilitates
expert to select desired
concepts and values in
condition and conclusion
writing at run time.

* It fetches concepts from
domain model as well as
standard terminologies
of SNOMED CT.




Generated MLM using I-KAT

ID KAT Intelligent Knowledge Authoring Tool

, * Data Slot: This slot represents the input
 F data that requires from HMIS system to
o - execute this MLM.

* The input data in form of data model
vMR and SNOMED CT codes enhances
shareability and makes the
integration easy.

TreatmentIntent

Data Slot

StagesT, T, N

v > Logic Slot: This is main logic slot that
represents all the conditions of created
rule.
— * This slot also represent the conditions
STSN R in combination of vMR and SNOMED
kst onssutt ommui el ol
e Action Slot: It represent final output of
executed MLM in form of recommendation
(conclusion).
* This slot can represent in data model
vMR or it can be some textual
recommendation.

TreatmentIntent Redical

e e on e,

Logic Slot

Action Slot




Evidence Support



Introduction to Evidence Support

More reliable
Final Decision Knowledge &

Experience

-

s

j!

Initial Decision

»
»

Clinical Decision k/

: g Information Support Physician
atient - - :
P Patient information Support System SGa Evidence

Hospital Evidence

Lab Radiology
results Results

Research Online

Evidence Resources
N

, (PubMed)

Laboratory Radiology Domain Experts




Summary of Evidence-based Knowledge Evolution

Context Aware PICO Compliant Query Construction PICO Query Comtribution #3

PICO Content Extraction P: Problem AR PRSI

| - Intervention - = .
C: Comparison Context (Filter) Identification

O: Outcome

Patient
Reco rd Control Structure Parsing

' \
1 I |

Operator Parsin I |
! Treatment " )

Language Standardization Diagnosis
I Etiology
Concept Concatenation Prognosis

Context

Partial ---%» Complete =—»

Feature Engineering

QRM-based Evidence Appraisal Model Execution

M\
g 7
Evidences

Evidence Evidence Evidence Evidence Appraised
Evidences

Quality Recognition Model
(QRM) Learning

1 2 n-1 n
. : Data Set
Relevantand Quality Evidences = e

Quiality Criteria
v" Human related

v’ Disease related
v' Format
v’ Publication Type
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Architecture of Execution Engine

CDSS Facade

Adaptability Engine (AE) provides set of adapters to support

Adaptability
Engine

Interface
Engine

Knowledge
Engine

Knowledge Manager

Knowledge Broker

Adaptability

Smart CDSS KB and Reasoner

MLMAugmentedCBR Case Structure

Executable Environment Engine

Interface
Engine

Knowledge
Engine

integration with HIS
Existing AE enables HL7 based HIS communication
AE also support adapters to plug-in proprietary EMR

\

Interface Engine (IE) provides standard interfaces for Smart
CDSS

Smart CDSS is adapting HL7 vMR as standard for internal data
model

Adaptability °
Engine

Interface °
Engine

Knowledge
Engine

Knowledge Engine (KE) provides clinical knowledge base,
which is set of MLM(Medical Logic Modules)

MLMs are represented in HL7 Arden Syntax

KE is provided with MLMAugmentedCBR: a case base
reasoning mechanism to validate and verify the clinical

knowledge at runtime




Service Scenario

Diagnosis Treatment Intervention

T: Tumor

N: Lymph Nodes : : I e
. H . : emotnerapy inauction

M ) M etastasis K ) > Disease Type: Non-resectable

» Drugs: Pemetrexed disodium and Oxaliplatin

» Intervention: Patients receive dose over 2
hours on day 1. Treatment repeats every 14 days
Stage: 2?77 2 for up to 4 courses.

l ~ P2 o o W S > Intervention Result: Patient progressed

: = before receiving 4 courses of treatment.

Patient Encounter

Chemotherapy »

Recommendations

Follow ups Final Recommendation Chemotherapy

Radiotherapy

Next Follow u ‘
5 Chemo Recommendations &~




~ maSmart

Tersan Spart Sy

Execution Engine: Treatment Recommendation

Hospital No | | Patient Name |s

© Start From Contains

- mestaraton T [ ey

Hospital No | rx_'E ' [z] I El Start | ,' End I | Date_Rec |
Name lo E] l =1 | [=] Pese I | Fractions l ] i |
Sex | Male [ox_1=1 | =1 | [=] Response | = B

Dateiot [171719a5 12:00.00 AM x =1 T = =] PES [ [=}

Ethnicity Punjab -
[ =~ Chemotherapy Induction ENA. Doslvive
Smoking |Yes

Needs redo surgery. Excision
. of left submandibular gland
m
N Regime I El with ipsilaceral level II,
Naswar [ o No. Cycles | | III, IV dissection

Alcohol |No Response | [=]

Pan |No

| i Import File
Patient Encounters . Current Event ~ Chemotherapy Concurrent =

Rate;tie [7715/2010 12:00:00 A ] Regime [ =1

e [~ statws |
No. Cycles | ]

Current
Patient

Event :
. ety | Consultation
~ Chemotherapy Adjuvant z

|8/19/2010 12:00:00 AM

| Primary

I B Stat | Consultation
No. Cycles | ] s

Chemotherapy Palliative 1st Line
Regime | Ej

Duration [ |

Intent | Radical
Plan [SRT

Subsite

Date Bios =T = =
- Chemotherapy Palliative 2nd Line Line

Histology id carcinoma

Grade A/ Regime | El
Duration | ]
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<section classCode="DOCSECT" moodCode="EVN">

<title representation="TXT" mediaType="text/plain">Cancer Staging</title> 2 Treatment Plan CDA Input tO CDSS

<entry typeCode="COMP" contextConductionind="true">

[ ]
Executlon En <observation classCode="0BS" moodCode="EVN"> 3 4
<code code="385379008" displayName="TNM tumor staging finding (finding)" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/>

<entryRelationship typeCode="COMP" contextConductionInd="true">

<organizer classCode="BATTERY" moodCode="EVN">

<templateld root="2.16.840.1.113883.10.20.5.6.11"/>

<statusCode code="completed"/>

<component typeCode="COMP" contextConductionind="true">
<observation classCode="0BS" moodCode="EVN">

<code code="50283003" displayName=“Clinical stage IlI" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/> Staging

</observation> " J

</component>
<component typeCode="COMP" contextConductionlnd="true">

<observation classCode="0BS" moodCode="EVN">
<code code="" displayName="“Disease Type: ------- " codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/>
</observation>

</component>
<component typeCode="COMP" contextConductionind="true">

<substance Administration classCode="">
<code code="395814003" displayName="Oxaliplatin" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/>
</substanceAdministration > Chemo
<substance Administration classCode=""> Induction
<code code="409159000" displayName=“Pemetrexed" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/>
</substanceAdministration >

</component>
<component typeCode="COMP" contextConductionind="true">

<observation classCode="0BS" moodCode="EVN">
<code code="" displayName="Patient progressed ...." codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/>
</observation>
</component>
</organizer>
</entryRelationship>
</observation>
</entry>
</section>

Diagnosis Services

* Physician's

H&N Cancer Workflow
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<observationResults>
<observationResult> VMR converted from CDA
<templateld root="2.16.840.1.113883.10.20.1.32"/>
<id root="107c2dc0-67a5-11db-bd13-0800200c9a66" />
<observationFocus displayName="(TNM) tumor staging finding (finding)" codeSystem="2.16.840.1.113883.6.96" code=" 385379008"/>
<observationEventTime low="20110803" high="20110803"/>
<relatedClinicalStatement>
<observationResult>
<templateld root="2.16.840.1.113883.10.20.1.32"/>
<id root="43d27880-eb74-11e0-9572-0800200c9a66"/>
<observationFocus displayName="Clinical Stage Ill" codeSystem="2.16.840.1.113883.6.96" code="50283003"/>
</observationResult>
</relatedClinicalStatement>
</observationResult>
</observationResults>

<suibstanceAdministrationEvents>
<substanceAdministrationEvent>
<id root="2.16.840.1.113883.3.795.10.1" extension="4519239" />
<substance>
<id root="f4a1d18b-2b92-4399-b4f9-efb1828d267d" />
<substanceCode displayName="Oxaliplatin” codeSystem="2.16.840.1.113883.6.96 " code="395814003 " />
</substance>
<substance> Chemo
<id root="f4a1d18b-2b92-4399-b4f9-efb1828d267d" /> |nduction
<substanceCode displayName="Pemetrexed” codeSystem="2.16.840.1.113883.6.96 " code="409159000" /> e
</substance>
</substanceAdministrationEvent>
</substanceAdministrationEvents>

N —

Treatment
* Physician's Notes Recommendation
e H&P Service
* Reports
* Pathology
* Radiology
* Histology Surgery

Radiotherapy




Execution Engine: Treatment Recommendation

Smart CDSS

EMR/PHR

Data Exchange

Adapter CDSS Fagade

Knowledge Engine

Interoperability Engine

Knowledge Manager

Data Exchange
Web Service

Adapter
EMR/PHR

Knowledge Broker

Anonymization Service

Pat.Charting Service

Clinical Models

MLMAugmentedCBR

Interface Engine Smart CDSS KB and Reasoner

Executable Environment

Case Structure MLMiInvoker

S Similarity :
| CBL | | CBn | i
Function Clinical Knowledge Base

:
* Physician's Notes

* H&P s
* Reports

* Pathology TNM Staging Teeahpent

* Radiology

* Histology

HIS Services consuming Smart CDSS

—>
NCCN

Treatment
Recommendation
Service

Radiotherapy

Surgery

Chemotherapy

= NCCN
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i

: se on CASE selected, Treatment Plan MLM is execu
maintenance:

title: Treatment Plan MLM for Lips and Cavity

library:
purpose: “Taking Staging and Chemo Induction for lips and cavity cancer and suggest appropriate
Treatment Plan for patient”
knowledge:
logic:
If S=3and Desease type = Resectional and Drugl = Oxaliplatin and Drug2 =
Pemetrexed and Intervenention Result= Patient progress before ending of 4 courses

then
Treatment Plan = Concurrent Chemo-Radiotherapy;
Else if S = 3 and Desease type = Non-Resectional and Drugl = Oxaliplatin and Drug2 =
Pemetrexed and Intervenention Result= Patient progress before ending of 4 course then
Treatment Plan = Surgery

Treatment

e Diagnosis Services :
* Physician's Notes Recommendation

e H&P Service

* Reports
* Pathology
* Radiology
* Histology
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i S

Smart CDSS . =
_ 6 eatment Plan recommendation is generat

[ E M R/P H R } <templateld root="2.16.840.1.113883.10.20.1.32"/>

<id root="107c2dc0-67a5-11db-bd13-0800200c9a66"/>
<observationFocus displayName="(TNM) tumor staging finding (finding) Recommendation" />

<observationEventTime low="20110803" high="20110803"/>
\ <relatedClinicalStatement>

<observationResult>

<templateld root="2.16.840.1.113883.10.20.1.32" />
<id root="23d27880-eb74-11e0-9572-0800200c9a66" />
<observationFocus displayName=“Concurrent Chemo-Radiotherapy/>

Pat.Charting

Clinical Models
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Achievements

HEAD AND NECK CANCER DATA INTEGRATION

INTEGRATION OF

o 5100 PATIENTS

" RECORDS of SKMCH WITH
SMART CDSS

NCCN based
Oral Cavity + Salivary Gland

TREATMENT
INTERVENTION IS EVERY

HANDLED BY SMART CDSS WEEK
NV 125 PATIENTS
records are enabled for

/ decision support in
SKMCH

on average

f
Smart
,( 9”
Clinical Decision Support System

WHAT WE ACHIEVED
IN THE LAST 4 YEARS

PRIMITIVE SHAREABLE RULES ._

(MLM) creation g:

n PERFORMANCE OF
PHYSICIANS WERE ENHANCED

26 TIMES

IN CREATION OF RULES

The error rates RECORDED
1 per MLM while for other tools
itwas 11 per MLM creation

per M
pef N“-M o

O ——




Contributions

= Knowledge Acquisition & Authoring
- Three phase knowledge acquisition model combined data-driven with guidelines

* Producing guideline enabled data acquisition : 72% accuracy on real patient data

- KAT enhanced physician performance by 26 times as compared to

ArdenSuite

- Automatic Generation of PICO compliant Query and Automatic Quality
Appraisal: Time saving and 35% documents are filtered out.

= Execution Engine
* Provides set of healthcare standards adapters such as HL7 CDA and HL7 FHIR

" Provides standard interfaces using HL7 vMR



Smart
D)

Clinical Decision Support System

e, Kyung ree university, Korea

i http://uclab.khu.ac.kr

ii Ubiguitous Computing Laboratory



http://uclab.khu.ac.kr/

