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Background

4 . - . )
A ClinicalDecision Support Systems (CD&®) specialized

software solutions that ingest data to provide a wide array of

services for cognitivintensive complex decision making e.g. it
Physicians, Clincians
@ﬁ +ﬁ EMR
~

disease diagnosis arickatment .23
g . L. Laboratory Data Hospitals
CDS$creasingly leverageata-driven approaches for decision
modeling along witlexpert-driven approaches for compliance

®

with the domain processes? $

Insurers Radiology Reports
8,
Hybrid knowledge modelinglay an important role in \ @ % /

PHR | Vital Signs

generating accurate and domain relevant recommendations fg

complex scenariosuch asnedicationrecommendatior5.7 )
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Case-based Reasoning in CDSS

A New CaseReceive a test case comprised / Problem to be solved
of problem component.

N\

New Cas @ Receive Problem case {f CaseJ

A Case Searct8earch all the cases and Search

retrieve a predefined set of nearest @ Retrieve
cases. Retain | — '

@ l | Case base —— Solutions
(library)

Proposed SolutionCombine solution

component of the retrieved cases e.g. - _ )
majority vote or averaging. Confl_rm l O Revise (Proposed
Solution | | Solution

Confirm Solution Domain expert finally 6 c 4 solut
accepts the generated solution or update |  Generaledsolution
the generated solution. /

v

<= Inherently Interpretable
R-l- Experience Management
<= Evolving continuously

Appealing
Output Characteristics of CB

Knowledge bas&ontains past cases and
newly retained cases.

Khan, M. J., Hayat, H., & Awan, I. (2019). Hybridloase maintenance approach for modeling large scale-based reasoning
systems. Humawentric Computing and Information Sciences, 9(1)51
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Clinical Practice Guideline Clinical Case

Align consensubaseddomain knowledgeand experiencéased
routine clinical practicefor multi-factor recommendations.

Provide recommendation faromplex casewith inherent
data scarcityissues.

Providetransparencyandknowledgebasedinterpretability for
the domainexpert in recommendation generation.

Reducing cognitivioad on the physician witmtuitive and
reliable decision supporapproach.
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Introduction
Related Work Experimentation Publications

Problem Statement

ClinicalPracticeGuidelinesprovide a generalframework to guidecliniciansbut lackoperational detailsi.e.
coverthe partial scopeof the recommendation How to incorporateexpert-model in casebasedreasoning
for domaincompliantcomplexrecommendationgeneratione.g. medicationprescription 91819

Overall Goal
Designa hybrid knowledge modeling approachfor both medicationand dosageselectionthat can
leverageboth partial domainknowledgeaswell asroutine clinicalpracticeof clinicians

1. Leveragepartialdomainknowledgefor activepartitioning of clinicalcasebase
2. Selecthighlyrelevantsubsetof clinicalreferencecasedrom a generalpool of the candidatecases
3. Synthesizalomainmodelwith selectedcasedor multi-factor recommendatiorgeneration

Challenges

1. How to identifydistinct neighborhoodswithin a single clinical case base?
2. How to identify relevant high prospect clinical casesfitective solution selectiof?
3. How to provid€dfine-grained solutionrecommendationgrom a partial domain model?
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DecisionModeling

: Experience
Eager modeling -based modeling

I D

Model-based

Heterogeneous Homogenous
Primitive Case

Ecktaibf different models LSimiIar models Adaptation

Decisionlevel Fusioning Decisionlevel Fusioning

e.g.SVM, RF, DT e.g. Random Forest

(&

Data-driven Model Expertdriven Model

omainknowledge
based modeling

A [10] Artificialintelligence: A Modern Approach, 4th US ed. by Stuart Russell andNRetég 2021
A [11] Alazzam, Malik Bader, et al. "Nursing care systematization withlzased reasoning and artificial intelligencddurnal of Healthcare Engineerifg22 (2022).
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Related Work

Related Work

Reference

[7] S.L. Ting, 2011

Domain

General
treatment

Proposed ldea

Experimentation

Modeling

Casebased

Conclusion v .- MEM Ubiquitous Computing Laboratory
RyungHeEIUNIVErsityARorea,

Publications

Guideline Capture Medication Medication
) . : Feedback ) .
Incorporation Clinical Practice Selection Dosing

No

[16] Branden2011

Lung cancer
treatment

Casebased

Yes (single)

[20] Khussainova2015

Brain cancer
treatment

Casebased

No

OMT B8 ¢S2R2I

' ﬂ I}érff\)i%CEnc%r

eatment

n MCasebased

Yes (single)

[12] Shemeikka2015

Kidney patients
treatment

Expert Model

No

[13] Hellden 2015

General
treatment

Expert Model

No

[14] Awdishy 2016

Kidney patients
treatment

Expert Model

Manual

[15] Pirnejad 2019

Kidney patients
treatment

ExpertModel

Manual

[8] Niazkhani2020

Kidney patients
treatment

ExpertModel

Manual

Proposed

Kidney patients
treatment

Hybrid:
Casebased

Yes (multiple)
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Comparison with Case-based Approach
Diagnosis made by the Hybnd Case 'based Reasoning (H'CBR)

physician

Generic
\l/ Domain @ Relevant @ .| Medication @ Recommendation

Knowledge Cases "] Retrieval

7 % 0]

Set of Drugs @

Y A 4 A4

. Case X Expert Panel for
\ @ > Generic @ Prioritization Case Adapt?tnon.for Recommendation
dosage estimation

Hybrid Intelligent Medical Prescription Support Approach

“| Recommendation

through Grading Refinement

. New Selected Medication | @
Case-based Bayesian Patient Case Patient Cases Database

Reasoning Reasoning
Persistence

Il Summarized Comparison

Rule-based Results Aggregator Characteristics HKSMP H-CBR

Domain Knowledge No Yes

Drug List

CaptureClinical Practice Yes Yes

v
Drugs to be prescribed
by physician

Multi-level Selection No Yes

MedicationSelection Yes Yes

S.L. Ting2011:HybridKnowledgebased approacto SupportMedical Medication Dosing No Yes
Prescription HKSMP)
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Comparison with Case Partition and Selection Process

4

Acquire
input case

Acquire

Acquire )
domain model

Input case

A 4

candidate case existing cases

|dentify partition

I
I
I
v |

Calculate Assign cases
distance Retrieve Casebase — 1 | tg partitions
candidate cases

v One time processing
Evaluate (active casebase
partitioning)

no Case feedback

Selecti cases deriy

improved cases

S.L. TingR011:HybridKnowledgebased approacko SupportMedical PrescriptionHKSMP)
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Comparison with Case Adaptation Process
Get

similar cases Get Retrieve generig

-
"I reference cases recommendatior Templates
Select

Medication Y
-

Generic req

Rec. Type
Case

Compliance Matrix

Casebase

Numeric

A 4 A 4

Average Majority L Dosage
Medication :
Range Selectior

¢ S 2 R2 NP @hnbiniSgicasbaset reasoning with Bee Colony Optimization for dose planning in
well differentiated thyroid cancer treatment." Expert Systems with Applications 40.6 (2013)22557
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Comparison with  Expert-model based Approach
Hybrid Case -based Reasoning (H-CBR)

List of commonly used medications in our kidney
transplant clinical

\ 4
Checking clinical references for DLIs

Generic
Domain @ Relevant @ .| Medication @ Recommendation

v Knowledge Cases "l Retrieval
Extracting associated clinical rules for DLI-CDSS 7y X @

v
I-Review of the content and clinical relevance of DLIs @

v VY A4
by one clinical pharmacologist Case Expert Panel for
@ Generic @ Prioritization Case Adaptation for Rec':mmen dation

through Grading skl mrelis de Refinement

h 4 > .
2-Review of'the revised version of content and clinical Recommendation

relevance of DLIs by one senior nephrologist

L New Selected Medication @
Patient Case Patient Cases Database

Excluding those DLIs that were not considered as

clinically relevant DLIs by 1 or 2
Persistence
v Rules defined

Developing the knowledgebase for the DLI alerts o incorrectly Summarlzed Comparlson
Characteristics DKMS H-CBR
Domain Knowledge Yes Yes

\ 4 Design
Logical and physical design of the CDSS system +—problems

Y Programming

Coding and programming of the CDSS system ¢—Droblems

\7 | v

Testing of the CDSS system with Testing of the CDSS system with real ini i
dtata oftltw ﬁctilious}p;tic ntsl datta f)f 1(;(] adult kid[):ety reciptiems Captu reCI ini Cal P raCtlce N O YeS
| ' . .
; Multi-level Selection No Yes
OK? [No] AI:IEI|}-’SI'S g:“th? :
rootin ropiemis . - .
gt . MedicationSelection Yes Yes

Niazkhani2020:Domain knowledgédased Medication SelectioDKM$G Medication DOSing Manual AUtomated
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Challenges and Solutions

Challenges Solutions Benefits

Distinct
neighborhood
Identification

Leveragaelomain knowledgeo actively partition the Case insufficiency
:> case base in an a priori manner. detection

Unspecified utility of [ Leveragecase outcomanformation from thefeedback Quantify efficacy

similar cases for reference solutions selection. of similar cases

:> Leveragalomain knowledgewith reference casefor Finegrained

Partial domain mode ) : . .
multi-factor recommendation generation Recommendation
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Research Map

Proposed Solutions

Domain Model

Active Case base Partitionin Case Selection Case Adaptation Recommendatiorl\

Clinical Cases

Outcomes
Problem User defineneighborhood : Problent Similar candidate cases are.: Problent Domain knowledge is

thresholdvalue results idixed size 1 selected primarily based on their 1} generallyinsufficient for generating *+Variable _
case base partitions. Appropriate ! | Pproximity to the test case while ': recommendations focomplex tasks neighborhood size
neighborhood size selection is basbdoutcome informationis not accounted!, such as medicatiodosage selection + Quantify efficacy

ontrial and errorapproach. ! for case selection. : of similar cases
+ Finegrained
recommendation

Challenges Challenge 2 Challenge 3
C1 Fixed size
neighborhood Existing Approach Existing Approach Existing Approach

Outcomes

C2 Similar cases Trial and error approach for neig Select all cases within a selectet Primitivedosage estimation for | | -~ Case uncertainty

treated equally borhood size selection neighborhood a single medicine - Similar case may
) ] be unrelated

C3 Partial domain -- Pick top K nearest cases at the Assign weight to case dimensions Manual dosage selection by
knowledge inference time (lazynodeling) based on domain experts domain expert (physician)

J J

-- Generic
recommendation
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Research At A Glance

siographica Clinical Decision Support Systems

Data
Dataare collected from various sources,

joined together, and organized Expertbased Domain Model
(Explicit knowledge)

"\

Laboratory R [
Resilts Extract Transform

Load Operation
— p

decision rules

Case insufficiency

- Medication ; Case:
e detection _
- «_» Data <Problem>,< Solution>

e election —>
e Relevantcasesselection [\ Treatment
Diverse X Y

Data Sources Relevant cases ® Lab Results

\ AN S

W L .
Medication dosage selection ; Clinical Case

> Case Adaptation (Implicit knowledge)

Generic
recommendation \Prediction e CDSS Dashboard

& Insights™ |- == Treatment Recommendation
. A Selection of Medications A Nontlinear interaction of

A Selection of Medication Dosage contributing factors

A Similar Cases with Improved Outcome A Scarcity of relevant data

A Recommendation interpretability

Clinical domain characteristics

Utilize domain model (explicit knowledge)
and clinical cases (implicit knowledge) for
complex recommendation generation
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Proposed Methodology

Contributions:
_ _ A Active Casebase Partitioning
Hybrid Knowledge Modeling A CaseSelection using Patient Improvement Indicat
Case -based Reasoning A CaseAdaptation using Hybrid Approach

Expertdriven flow = = = =3

Datadriven flow ey

Partiatknowledge Medication Selection

(decision rules)

Expert Model

I . : .
1 Grouping Patient Multi-labelRecommendation
! Improvementindicator (Dosage Selection)

Dataset Case Partition Case Selectio .
Candidate Reference Adaptation

Clinical Cas€ Cases Cases

Ali, Syed Imran, et al. "Clinical Decision Support System Based on Hybrid Knowledge Modeling: A Case Study of Chronic Kidney
DiseaseMineral and Bone Disorder Treatmeniriternational Journal of Environmental Research and Public HERlth(2021): 226.
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Expert-based Domain Model

Condition_1

General representation
of the expert model
(Mind Map)

L B
Condition 3
— T

Condition_11

| Sample Rule:

IF: < ConditionSet:{A,2,4,8} > THEN: < Recommendation: {T1} >
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