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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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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

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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1 ’
1 Grouping Patient 1 Multi-label Recommendation
. Improvement Indicator ) (Dosage Selection)

Related Work Experimentation Publications = ) Case
Dataset Case Partition Case Selection Adaptation

Expert-based Domain Model

Expertmodel construction based on
clinicalpracticeguidelinegdomain knowledge) g&,\pp%ed

@ ENTERPRISE

— ==

Once rules are validated,

they are persisted in the General representation
)) Knowledge Base for

Creating production recommendation of the eXpert model
rules based on iterative generation (IVIInCI I\/Iap)

PY R A R _ . decision tree for
* |/ Y e e e e )) Iterative decision tree actionable knowledge o
RY a )) constru;:tion fo(; formal through Intelligent Condition_]1
knowledge modeling ;
" Mind Map creation based Knowledge Authoring

| through Enterprise Tool
on domain knowledge for Architect

the clinical decision IB

Multiple consultation .
automation l
sessions between Condition 3 L Condition_ 18

Physicians
and Knowledge
Engineers Yes

No

| ! | } ' ; | | |

[ Condition_4 [ Condition_5 Condition_6 Condition_7 ] Condition_12 [Coudin‘ou)} ] [ Condition_14 ] [ Condition_19 [ Condition_20 [ Condition_21 ] [ Condition_22 }

I | I I I I I I I I
| | ! } | | |

[ Condition_8 ] [ Condition_9 J [ Condition_10 } [ Condition_15 ] [ Condition_16 ] [ Condition_17 ] [ Condition_23 ] [ Condition_24 ] [ Condition_25 ]

| Sample Rule: IF: < ConditionSet:{A,2,4,8} > THEN: < Recommendation: {T1} > I
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1
1 Grouping Patient

- - . . ¥ Improvement Indicator
Related Work Experimentation Publications r_ " :

Dataset Case Selection
_— i adspration [

Active Case -base Partitioning

Sample Decision Rules

VascularCal ValvularCal PTH PTH_{ PTH_{ PTH_( PTH_C CorrectedCa Phosphate RuleRecCode
Expert MOdeI Present Absent 300-100 no no no  no >10.2 5.5 T13
Present Absent 300-100 no  no no no >10.2 3.5-5.5 Tia
Condition_1 | Present Absent 300-100 no no no  no »10.2 <3.5 T15 H . H 41 H
’ Present Absent 300-100 no no no  no 8.4-10.2 5.5 T16 Algorlthm 1 ACtlve Case Partltlonlng
Present Absent 300-100 no no no  no 8.4-10.2 3.5-5.5 T17 - -
Present  Absent  300-100 no no no no  84-10.2  <3.5 T18 |nput: RuleSU 0, Case Baseo
al Present Absent 300-100 no  no no no 7.5-8.4 5.5 T16
»
Present Absent 300-100 no no  no  no 7.5-8.4 3.5-5.5 T17 . ] 5o L4 U4 L4 U4
Present Absent 300-100 no no no  no 7.5-8.4 <3.5 T18 OUtpUt Partltlonu - { Y! ¥l X’ 8 1 Y}
Present Absent 300-100 no no no  no <7.5 5.5 T19
Present Absent 300-100 no  no  no no <7.5 3.5-5.5 T20 || J
Present Absent 300-100 no no no  no <7.5 <3.5 T21
Present Absent <100 no no no no >10.2 5.5 T13 LI
Present Absent <100 no no no no >10.2 3.5-5.5 T14 1 ' Ei-__l w@OO
Present Absent <100 no  no no no =10.2 <3.5 T15 Ty
2: i00Q= wgFws x| (G

3: 1'Qo= 16601 .60

4; DI =0 /i’ Gidd
Knowledge Base 5. I w02 5:

6: JPnoscxwsa »

rule: Reasoning (case

Active Case Partitionin®

-

Patient Clinical Cases i
Similar casesre placed

in same neighborhood 7. "@AIEN0)
i 0

8:
Cases assigned to C__ 2 A 0 ~ 1 ~ 1 ~ C_ EaS"y |dent|f}a )
multiple variable | [Sell FEPH Boel ool el gz | neighborhood with I
size neighborhood:s insufficient number of cases

prior to test case processing
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Partial-Knowledgd Medication Selection

(decision rules)

Expert Model

Proposed Idea Conclusion

Patient

Improvement Indicator v {Dosage Selection)

Publications

Multi-label Recommendation|

Experimentation

Case

Dataset Case Partition

G Selecti

Active Case -base Partitioning based on Domain Model

Decision Rules

Expert Consultation Expert Model Partitioned Casebase

%m

Active Caséartitioning

»» »

KnowledgeEngineering Process—
emtyreid Hoemoo Current PTH? et e, VascularCal ValvularCal PTH  PTH_(PTH_(PTH_(PTH_C CorrectedCa Phosphate RuleRecCode
- Present Absent 300-100 no  no no no >10.2 5.5

T Absent 300-100 no  no no no =10.2 3.5-5.5
Absent 300-100 no no no  no »10.2 <3.5
Absent 300-100 no no no no  8.4-10.2 =5.5
Absent 300-100 no no no  no 8.4-10.2 3.5-5.5
Absent 300-100 no no  no  no 2.4-10.2 <3.5
Absent 300-100 no no no  no 7.5-8.4 =5.5
Absent 300-100 no no no  no 7.5-8.4 3.5-5.5
Absent 300-100 no no no  no 7.5-8.4 <3.5
Absent 300-100 no no  no  no <7.5 =5.5
Absent 300-100 no no no no <75 3.5-3.5

Decision Tree
x @ ENTERPRISE

c
«E’KT?Approved 3

PTH = 300 PTH < 150

Present

Present
Present

Present
Present
Present

Expertmodelconstruction based on
clinicalpracticeguidelines
(domain knowledgé

Present

Present

Present

Present

Patient

= o
Clinical Cases
Dataset o

3
.a_. Partitioned Casébase

EEEE=0

Hybrid Knowledge Modeling for Case Selection and Adaptation in CDSS

rule: Reasoning (case)

Knowledge Base
(Domain Model)

Active Case Partitioning

Similar casesre placed in same neighborhood

Cases assigned to multiple

variable size neighborhoods Benefit Easily identifya neighborhood withnsufficient

number of caseprior to test case processing
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Case Selection based on Feedback

Cases from selected partition (C)

Legend

C,i<X><Y>

X: Lab. Results
Y: Medication
O: Qutcome

Example:Outcome score assignment

Dataset

1
1
1
1 Multi-label
U (Dos:

Case Partition Case Selection
l

X Y

0]

Visit ;, | Laboratory Results| ~ Medications

PIl <visit i>

impact quantification

feedback

W |

Visit ,,. |Laboratory Results| Medications

Assigh Outcome to
Similar Cases

\ 4

C,<0>| Cy;<0> | C4<0>

[ C,<0>

C,<0> ]

Cases having PII: +ve ‘

[ Selected Cases (C’) ]

P No.: 1001

Patient Improvement Indicator

Patient No

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6

1001 0.67 0.33 0.67 0.67 0.67 1

o

g

Treatment efficacy assessment based on a patient’s

physiclogical status after the treatment
L
i

Visit 5 Visit 6

0 | |

T t
Visit 1 Visit 2 Visit 3 Visit 4

Algorithm 2: Case Selection

Input: Partitioned Cases,C
Output: Sel ect ed

Cac

Qowzao 4 "TOIRaf0)
C ]

B wHloes
VOGN = DG, VA9
6o = QG

G = 1'AO0] & (1'Q6M)
G 4 ARk Q)
10: Wl Goo! = 0 && (Gaeo

~

11: Gjagem+= ©

i)

End
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Case Adaptation

. ]
Patient 1 Multi-label Recommendation)
e Selection,

Improvement Indicator o ge Selection)
Case

Dataset Case Partition Case Selection :
Adptation |

Y Residuals Plot Y =894.068432 + 6.992550 X

Point estimationthrough
Multiple Linear Regression

R square (R2) equals 0.6238R2.
means that the predictors (Xi)
explain 62.4% of the variance of .

@
a
B
[
®
&

Sevelam qu
4800
4800
4800
4800
7200
1600}
3200 Residuals: Histogram
3200}
. . 3200}
Reference Cases Medication of Reference Cases 2400
2400
2400
3200}
3200}
3200}
4800
4800
4800
4800
1600
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Case Adaptation using Hybrid Approach

Medication Selection

Partial-Ki led,
bl  Expert Model
(decision rules)

1
1
1
i i
! Grouping 1

Patient
Improvement Indicator

" e Selectio
Case

Dataset Adaptation |

Case Partition Case Selection
Condidat

Expert Model

Patient
Group T1
Decision Tree

Recommendation

Generic for T1

Recommendation Categories

Recommendation

Start or
Increase

Yes: Get Recommendation
for next category

- - P
Medication? g

Estimation ?

Case Selection

Similar Cases
forT1

Where PIl > 0

Dosage

Case Retrieval . .
Estimation

Selected
cases

quartilerange

Cinacalcet

=:[25

* Calcimimetics ==
* VitaminD
Analogs

Expert Recommendation
for Calcimimetics

(v Start or Increase

* Calcitriol
CPB
NCPB

. Maintain
==  Stop or Decrease

* Dialysate

Inter

~ 50] mg/day|

Laboratory and imaging test results

Encounter

MRN No.

Vascular

Calci e
alcum Calcification

Albumin Phosphate

Valvular
Calcification

Pll Value

1933623 10

3.7 8.9 6.9

Present

0.67

1933623 11

35 8.5 5.7

Present

0.33

1933623 12

3.7 8.5 6.5

Present

0.33

4855226 10

3.8 9.3 6.3

Absent

1.0

4855226

3.6 9.1 8.2

Absent

0.67

1266498

3.9 9.1

Present

Calcimimetics: Cinacalcet
(Medication Category) (medication)

ication for selected cases

Cincalcet
(mg/day)

25

25

25

50
50

sol3pWiwWIR|eD
404 SuO|3eIIPIIN

75

Algorithm 3: Case Adaptation

Input: Domain KnowledgeDTcode
Selected Cas€ Nj
Output: Medication Dosage: R

|l
1 Y & "UBY{O Y OX)
2: | wieF] 0@ YOy
3 IOt 4 NiEdi (D)
B e 00w
O Wy en & ARG, )
0 Mgod &F o Xy
& d (€16 60 om
a @Qmoé a (G 1O1medsize)
YoE"MQa a[a' Qe (a,0,d Qyagy,)
Yor"Eod A [ Qgeg,
+ GCOGE G ,0,8 Qg ]
12: Y. aNN'E QA YGE M, YEE AY)

13: 'YDoi € Y

W"-

10:
11:
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Introduction Proposed Idea

Related Work Experimentation

Case Adaptation: Dosage Estimation

Conclusion

Publications

Selected Generic
Recommendation

Domain Model

Previous Reference
Cases Cases

Generate Generic
Recommendation
Comparepreviousand current medications

CaseCompliance Matrix

Cases/Factors

Case 1l

|
Factor 1

|

Factor2 Factor3 .. FactorN

Case 2

Dataset

Case 3

1

1

1: Matched 0: Unmatched

Partial-Ki led,

a(d': gl Expert Model
1
1 Groupin

cision rules)

Compareoreviousand current medications
i.e. 1 or 0, and compute aggregations

Compliance rate
for each factor

Medication Dosage
for each factor

Range selection usinigterquartile range
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Multl -factor Recommendation

Laboratory Data

Guideline-based
recommendation

Patient
Laboratory test results

CKD-MBD CDSS

Medication Prescription
Similar-patient
recommendation

Laboratory Datd

Conclusion

lecision rules

Publications

Dataset

wied;
5|

Ige Expert Model

1
: Grouping Patient
Improvement Indicator

Case

Case Partition Case Selection :
adsptation [

Generic Medication Prescription based on Guidelines

Start or Increase

Dialysate Cal. Concentration

Maintain

Calcium-based
Phosphate Binder

Stop CPB

P Non-Calcium-based
Phosphate Binder

Start or Increase

® Vitamin D receptor activators

Stop Vitamin D & Analogs

Calcitriol

Stop Calcitriol

.

\

Medication Dosage Prescription based on Similar Patients

Cinacalcet
(mg/dav)
25-50

Calcitriol, po
(ug/dav)

Calcitriol, iv
(ug/week)

(ug/week)

0

(ug/day) (mg/day)

0 0

Calcium Acetate

(mg/day)

- (mg/day)

(me/dav)

800

Dialysate Calcium Concentration (mmol/L)
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Case Study: CKD-MBD Treatment

Patient Case

0

O > [Processing Laboratory test results]
Laboratory

Patient
condition evaluation

=)
” test results l

CKD-MBD

Recommendation .
Evaluation

Sources

Practice categorization

Clinical 1 l Patient
Guidelines
L

\ Change TP
Recommendation Treatment J=

(
\ Plan (TP)

Select & Evaluate TP
Prescribe TP

Treatment Monitorin
[ J J Monitor Patient Response

r 3

dl bunsixy ureyurey
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Expert Model (Type-I patients)

! Ubiquitous Computing Laboratory
Publications : HyUngHeE UM Versityiorea

Corrected Calcium (Ca)
Phosphate (P)

Legends: Patient T :
: : ype-1:
Parathyroid Hormone (PTH) [ Current PTH? } Vascular Calcification

Positive Group
PTH > 300 PTH < 150

1 iPTH: 300 ~ 150 l

[ 2 Consecutive 1 _( PTH>250 AND PTH } ( 2 Consecutive }

measurements L Increased by 50%

le ]

L measurements

No

Y

PTH <200 AND PTH
Decreased by 50%

[ I ! | T 1 ]
(o) Gotn) G ) (=) H]) Ea)GE G E)

| | }

Mean P ( Mean P
55~3.5 L | 5.5~35
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Expert Model (Type-Il patients)

Legends: : _
Parathyroid Hormone (PTH) [ Current PTH? } v PatllenE-TiYP?H--
Corrected Calcium (Ca) ascular Calcification

Phosphate (P) Negative Group
PTH > 600 PTH < 130

l lPTH: 600 ~ 130 l

[ 2 Consecutive 1 _( PTH >300 AND PTH } ( 2 Consecutive }

measurements J 'L Increased by 50% L measurements

¢ ) No

v

Yes
PTH < 150 AND PTH
Yes

Decreased by 50%
|

| | | N N
[ Ca>10.2 ] [ st ] k ' ] [ ] ' [ Ca>102 ] [ Lot ] [ e ] [ Ca:<7.5 ]
| | }

Mean P (
5.5~3.5 L
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Related Work Experimentation Publications

Extended Decision Tree based on Expert Model

Chronic Kidney Disecase -
Bone Disorder

Extended Decision Tree

Computation
Process

[ Final Outcome ]

Comments T

O

Compound Conditions

|

sk

i
FARA A

Group 2:Vascular Calcification (-)

Group 1:Vascular Calcification (+)
Total Number of Rules: 432

Overall Types of Recommendation: 33

WRRR AR A"
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Generic Recommendation Template

)
)
£

Q.

5
|_

c

o
)

©
©

c

)

S

S

o

(@)

)
o

Sample Recommendations

Recommendation Factors

Calcimimetics

Calcium-based
Phosphate Binder
Non-Calcium-based
Phosphate Binder

Vitamin D receptor activators
Calcitriol

Dialysate Cal. Concentration

[

~

Possible Treatment Options

M y(c Ubiquitous Computing Laboratory
KNG CEIUNIVETSITYSROrea

Start or Increase

As lt s

Stop or Decrease

Decrease or Stop

Start or Increase CPB

As lt s

Decrease CPB

Stop CPB

Start or Increase NCPB

As |t Is

Decrease NCPB

Stop NCPB

Start or Increase

Aslt s

Decrease

Stop

Consider Vitamin D Analogs

Start or Increase

Aslt s

Decrease

Stop

Consider Calcitroil

Increase by 0.25 mmol/L

Maintain the current dialysate

concentration

decrease by 0.25 mmol/L

Recommendation Factors

Calcimimetics

Calcium-based

Phosphate Binder
Non-Calcium-based

Phosphate Binder

Vitamin D receptor activators

Calcitriol

Dialysate Cal. Concentration

J Treatment 1 (T1)

|

Start or Increase

Stop CPB

Start or Increase NCPB

Stop vitamin D analogs

Stop Calcitriol

Reduce by 0.25 mmol/L

|

Treatment 2 (T2)

]

Start or Increase

Stop CPB

Maintain NCPB

Stop vitamin D analogs

Stop Calcitriol

Reduce by 0.25 mmol/L

_[ Treatment 33 (T33)

]

Decrease of Stop

Decrease or Stop CPB

Decrease or Stop NCPB

Decrease or Stop

Start or Increase Calcitriol

Increase by 0.25 mmol/L
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CKD-MBD Treatment Execution Process Flow

Laboratory Tests

Generic Dosage
Recommendation Recommendation

Conductlaboratory tests for Providegeneral medication Providemedication dosage
the kidney patient and acquire intake recommendation based recommendation based on
the results on guidelines similarreference patients
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Related Work Experimentation Publications

Step 1 : Laboratory Test Administration

o

Laboratory tests are performed at Monthly Tests

1. Phosphate

three different time scales 2. Calcium

3. Albumin

New PTH Thrice-Monthly Tests
4. Parathyroid

Patient may visits every month for the Xy Hormone

Yearly Tests

checkup/ dialysis treatment et PTH 5. Lateral Radiography

6. Echocardiogram

: Yes No
Previous Results: New Results:
Echo, Radiography v Echo, Radiography

Get
Echo, Radiography

PTH testis valid for three months

Both lateral radiography and
echocardiogram are performed on
annual basis
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Related Work Experimentation Publications

Step 2 : Patient Type ldentification

Retrieve Lab test results for Lateral

Get LA RadiOgraphv Abdominal Radiograph (LA Radiography)

Patlents are dIVIdEd Into two gI’OUpS Get EChocardiOgram Retrieve Lab test results for Echocardiogram

Grou;_g 1 deals mth 'Fhose patients who LA Radiography > 5 ?
are diagnosed positive for vascular
calcification

Group 2 deals with patients whose
p e . . Present
vascular calcification is negative

. . . ) Vascular Calcification: 1
Group identificationis based on lateral (Positive)

radlography and echocardlogram tests Vascular Calcification: Vascular Calcification:
(Positive) (Negative)
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*P —ils

Y.

Laboratory Tests Production Rules

Based on patient’s group identification
and lab. test results the reasoning
process initiatives

Monthly Tests
1. Phosphate
2. Calcium
3. Albumin
Thrice-MontthTests
4, Parathyroid
Hormone
Yearly Tests Reason i ng
5. Lateral Radiography
6. Echocardiogram

A general recommendationis generated
based on stored rules which were
acquired from knowledge engineering
process

Cinacalcet Calcium based Phosphate Binder Dialysate calcium concentration

Start or increase —— . .
Maintain CPB Maintain Current Dialysate Calcium

Cinacalcet concentration

Contents of this recommendation are: a
recommendation code e.g. T1 and
general guideline to manage medication

Vitamin D analogs Non-Calcium based Phosphate Binder Average PTH > 500

Maintain
Vitamin D analogs

Start or increase NCPB Workup for Parathyroid Gland
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@ Dosage Recommendation based on Similar Patients
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Medications of patients

Visit 1 Visit 2 Visit 3 Visit 4 0 50 (10

Medication from all 0 1 0 5

Visit1  Visit2  Visit3  Visit4  Visit5 the matched cases |

Visit 1 Visit 2 B

50
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End-to -end illustration of the Hybrid Case  -based Reasoning

e

Dataset
Legend
. General case Multiple Patients Multiple Visits Case Partitioning

. Tland Type-l patients Type-l patient visits Visits of interest
. Similar case ypet b ype-Tpatig 9
° ® °

° ® p pu |
[l Reference case 414 141 ‘appgan) i Aaaaen)

1+ 11 111 |4 BEEED) BEED)

T o /||~ T 1Tt [a]2]z]4]5]s] :nﬂ]
A BBEpon | [t BEsEan

New Patient

Visits  Selected cases medication dosage Vijits Visits

1
5 ‘ \

|
f’ ‘
Treatment Recommendation ? 25 0 0 50 10 H ]
Medications M1 | M2 | M3 | M4 [ M5 ? 50 | 0 0 0 3 Treatment outcome fn ]
Selected Dosage |2%0] - | - [ 50 | 5 le | msanat thraugh P ‘

Selected Medication / X | X / / T 25 0 Ei,?savrvehfer:rizl\i; as : n H ]
Guideline-based TE&R@ 1\ 50 high-prospect cases. [ ]

medication selectio
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Experimental Setup

Dataset Description

System and Useagentric

Total Patients: 66 : :
Experimentation

Test Cases: 250

Total Casdase: 850
Patient Typd: 374
Patient Typdl: 476

Initial Casebase: 60(
Patient Typd: 107
Patient Typdl: 143

Systemcentric Experimentation250 cases
A Case insufficiency detection
A Compliance between expert model
and clinical practice
A Concordance between dosage and
clinical practice

Usercentric Experimentation
A Find out usability experience of
the CDSS through a pilot study

o O
—

Record Lab
test results

Lab test Visit 1

Lab test Visit 2

Lab test Visit 3

Lab test Visit 4

Lab test Visit 5

12
Lab test Visit 12

N

7 TN
* S0
o)
i- 7
.

Generate
Recommendation

Recommendation 1

Recommendation 2

Recommendation 3

Recommendation 4

Recommendation 5

Recommendation 12

Record
Prescription

Prescription 1

&
== R

Record
Evaluation

Evaluation for
Recommendation 1

Prescription 2

Prescription 3

Prescription 4

Prescription 5

Prescription 12

2 Evaluation for
Recommendation 2
Evaluation for
Recommendation 3
Evaluation for
Recommendation 4
Evaluation for
Recommendation 5

Evaluation for
Recommendation 12

A Participants: 11 (clinicians)
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CKDMBD-CDSS Evaluation (System -centric)

Experiment objective:
To find out case partitions @

having insufficient cases at Variable size partitions
data acquisition stage @

Top 10 most frequently invoked generic recommendations

Findings:

1. Recommendationstand
T mostly deal with
maintaining the current
medication prescription

57
Consistent with the clinical = %
; 26 25
practice where abrupt l . .
changes in treatment are . - ]
T4 T7

37
20
_ T20 T18 T19 T26 T8
avoided Recommendation Code

|dentified some partitions having
insufficient cases e.d.30

Number of Cases
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Related Work Experimentation Publications

CKDMBD-CDSS Evaluation (System -centric)

Experiment objective:

To evaluate overall compliance
between generic recommendatior
and routine clinical practice

Cardinality of Recommendation Factors Compliance

Findings:

1. In general most of the
recommendations have high
compliance with routine
clinical practice
77% compliance rate is recorded
for recommendations factors -

0
m atCh Ed 3 an d abOVe No Factor Matched 1 Factor Matched 2 Factors Matched 3 Factors Matched 4 Factors Matched 5 Factors Matched All Factors Matched

Number of factors complied in clinical practice

Clinical Cases
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CKDMBD-CDSS Evaluation (System -centric)

Experiment objective- Medication Class Compliance

To evaluate breakdown of
compliance rate of 6
medication classes

Findings:
1. In noncompliant cases
\Hosage decrease af A|[FKEUGT e
dominated i.e. the CDSS
NEO2 YYS ynRitanQ {
while the physician 113
decreased the dosage l

Calcimimetics Calcitriol Vitamin_D Calcium Dialysate

mCompliant Cases mNon-Compliant Cases

ClifNcal Cases

L

Medication Class
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CKDMBD-CDSS Evaluation (System -centric)

Confusion Matrix

Calciumbased
Calcimimatics Predicted Phosphate Binders Predicted
Start/Increase Maintain Stop/Decrease Start/Increase Maintain Stop/Decrease
Start/Increase| 167 132 17 Startincrease] 140 66 8
Maintain 29 334 23 Maintain 16 488 19
Stop/Decrease 19 72 57 Stop/Decrease 3 41 69

Non-Calciumbased

Calcitriol Pr_edlc_ted Phosphate Binders Predicted
Start/Increase Maintain Stop/Decrease Start/Increase Maintain Stop/Decrease

Start/Increase 173 31 13 Start/Increase 71 101 19
Maintain 18 448 11 Maintain 49 259 52
Stop/Decreasq 14 74 68 Stop/Decrease 9 187 103

Vitamin D & Analogs Predicted Calcium Dialysate
Start/Increase Maintain  Stop/Decrease Concentration Predicted
Start/Increase 154 31 13 Start/Increase Maintain Stop/Decrease
Maintain 18 448 11 Start/Increase 45 7 0

Stop/Decreass 14 74 68 Maintain 2 766 0
Stop/Decreasq 0 8 22

Ph.D. Dissertation Spring 2022 Hybrid Knowledge Modeling for Case Selection and Adaptation in CDSS



Introduction Proposed ldea Conclusion

Ubiquitous Computing Laboratory
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CKDMBD-CDSS Evaluation (System -centric)

Experiment objective:

dosage recommendation and
routine clinical practice

Concordance Findings:
Cinacalcet 85.71%
Calcitriol po) = 81.81%
Calcitriol (iv) = 66.66%
Paricalcitroliv) = 82.24%

Calcium Acetate 81.81%
Sevelamer 76.12%
Lanthanum = 55%

©ONOORAWNE

To evaluate concordance between

Dialysate CalConcent = 98.40%

Concordance evaluation for the medication dosage recommendation

Total Present In-Range Dut-oI-Range

Manacement Class
anag ‘ Cases Cases Cases Cases

t Cinacalcet 250 49 42 7
Calcitriol, po 250 11 0 2
Calcitriol, iv 250 15 10 5
Paricalcitol, iv 250 148 122 26
* Alfacalcidol 250 0 0
t Calcium
Carbonate
t Calcium
Acetate
t Sevelamer 250 155

250 34 26

250 11 9

: ¢
Calcium Carbonate = 76.47% Lanthanum 250 20 11

Dialysate Calcium

) 250 250 246
Concentration

" Cinacalcet, alfacalcidol, calcium carbonate, calcium acetate, sevelamer, and lanthanum are orally taken tablets.

NTHT THETHITW H 66 & O 1 Qois
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Related Work

CKDMBD-CDSS Evaluation (User-centric)

Mean Value per Item

Mean Value

Findings

1. Received higher feedback score on
Stimulation, Dependability, Efficiency

2. Moderatelyinnovative
Room for improvement in
Attractivenessand Perspicuity

User Experience Evaluation

To evaluate user experience in
executing various tasks related to
CDSS e.g. recommendation
generation, treatment insights, etc.

Innovative

Friendly

Attractive
Organized
Practical

Clear

Efficient

Meets expectations
Motivating

u Attractiveness

m Perspicuity

Dashboard: consists of
patient search by name
and can also display all

New Patient is registered,
medical record number is
assigned and laboratory

Screen 3. New Patient

Recommendation is

Secure
Pleasant

Movelty

B Stimulation

patients tests are recorded generated for Medication

Leading edge
Pleasing
Easy

Good
Supportive
Inventive
Fast
Predictable

Interesting

@i Exciing
Visualization is provided Valuable
+ for laboratory tests and

m Dependability

B Fficiency

Screen 2.Dashboard Screen 5. Recommendation

7
3
L
22N
A
Sign-In requires username

and password to login the For the registered patients
system laboratory tests are
recorded

Screen 1. Sign-In

Item Category

Screen 4. Registered Patient

medications consumed Easy to learn
Creative

Understandable
Enjoyable
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CKDMBD-CDSS Evaluation (User-centric)

Experiment objective:
User Experience of the CDSS
with other services

Findings:

1. CDSS provides higher
dependability due to
transparency and
Incorporating domain
knowledge
Shows general acceptance
across participants
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