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Clinical Practice Guideline Representation 

Actionable graphs (AG) 
•  CPG representation independent 
•  Inspired by the SDA* formalism that builds on the well-established 
•  AG is a simplified version of the SDA* representation easily obtained from 

any CPG representation that distinguishes between context, decision and 
action steps 

•  Transforming a CPG from a formal representation into an actionable graph 
is relatively straightforward and we developed an algorithm for this purpose 

Methodology: Constraint Logic Programming 
CLP model is composed of: 

•  A set of constraints that restrict the possible combinations of values assigned to each variable 
•  A set of variables and their respective value domains 

Variables = decision and action steps from the CPG 
Constraints = restrictions on variables’ values derived from a CPG 
We combine the CLP model with domain knowledge codified as interaction and revision operators. 
Solving a CLP model provides: 

•  The ability to use CPG for scenarios with incomplete patient data 
•  A therapy if one exists or lack of hereafter  
•  The ability to identify inconsistencies that we call points of contention (POC) 

How to create an executable model of complex guidelines that can be applied to a patient with comorbidity? 
 
Rationale 
•  Pressing need in clinical practice to mitigate adverse interactions for multiple concurrently applied disease-specific clinical practice guidelines 
•  Need for "computable" guideline models 
•  CPGs include challenging characteristics  

•  Iterative actions forming a cycle and numerical measurements such as medication dosages 
•  Our goal: Automate the mitigation process 
This research is an extension of the mitigation algorithm presented in [Szymon Wilk, Wojtek Michalowski, Martin Michalowski, Ken Farion, Marisela 
Mainegra Hing, and Subhra Mohapatra. Mitigation of adverse interactions in pairs of clinical practice guidelines using constraint logic programming. Journal 
of Biomedical Informatics 46/2 (April 2013), pp. 341-353] 

Evaluation 
•  Create a comprehensive alerting system for physicians 
•  Incorporated the extended mitigation algorithm into a mobile clinical 

decision support system (MET3) for evaluation in a clinical scenario 
•  Short term: account for temporal and precedence relations in CPGs 
•  Long term: develop a more general theory of mitigation, enabling 

operationalization of the application across a broad range of clinical 
scenarios 

 
 

MET3: http://www.mobiledss.uottawa.ca/site/met.html 

Future Research 

Using Constraint Logic Programming to Implement Iterative Actions and Numerical 
Measures During Mitigation of Concurrently Applied Clinical Practice Guidelines 

Problem Statement 

AG for Wolff-Parkinson-White (WPW) syndrome AG for Atrial Fibrillation (AF) 

Patient 
diagnosed 
with WPW

Initial dosage of F 
(DF0=DFlow)

WPW stable
(WSk)

Keep dosage of F
(DF=DFk)

Discharge 
patient (DP)

Adjust dosage of F
(DF(k+1)=DFk+∆DF)

Current dosage 
of F (DFk)

Another 
therapy (AT)

No

< DFsafe(P)

≥ DFsafe(P)Yes

Patient 
diagnosed 

with AF

Hemodynamic 
instability (HI)

Electrical 
cardioversion (EC)

Amiodarone IV
(AIV)

Structured heart 
disease (HD)

Flecainide IV
(FIV)

Recurring AF 
episode (RAE)

Discharge 
patient (DP)

Oral amiodarone
(A)

Yes No

Yes No

Yes No

Patient 
diagnosed 
with WPW

Initial dosage of F
(DF0=50)

WPW stable
(WS0)

Keep dosage of F 
(DF=50)

Discharge 
patient (DP)

Adjust dosage of F
(DF1=100)

Current dosage 
of F (DF0)

No

< DFsafe(P)

≥ DFsafe(P)

Yes

WPW stable
(WS1)

Keep dosage of F 
(DF=100)

Adjust dosage of F
(DF2=150)

Current dosage 
of F (DF1)

No

< DFsafe(P)

≥ DFsafe(P)

Yes

WPW stable
(WS2)

Keep dosage of F
(DF=150)

Adjust dosage of F
(DF3=200)

Current dosage 
of F (DF2)

Another 
therapy (AT)

No

< DFsafe(P)

≥ DFsafe(P)

Yes

Keep dosage of F
(DF=200)

•  Solving CLP-CPG model implies assigning a value to each variable such 
that no constraints are violated 
•  Use open source constraint programming system ECLiPSe 

•  When solving the combined CLP-CPG model two scenarios exist: 
1.  If a solution exists, there are no adverse or contradictory actions 
2.  If solution doesn’t exist, then points of contention need to be identified 

•  Points of contention 
•  A set of all variables from violated constraints 
•  Represent adverse or contradictory actions resulting from concurrent 

use of multiple CPGs 
•  Flags sources of the adversities and contradictions 

Modeling and Combining Multiple CPGs 

Expansion Procedure Expanded actionable graph for WPW 

Numerical expressions for WPW 

•  Numerical variables add support for actions that are more complex 
than “go/no go” flags (e.g. medication dosages) 

Interaction and Revision Operators 

ECLiPSe encoding of IO1 

Identified point of contention (POC) 

Sample returned solution 

The dosage of flecainide is set to 150mg (DF = 150) as 
indicated by the revision operation, the patient undergoes 
electrical cardioversion (EC = true) and is discharged (PD 
= true) afterwards. 

•  Handling cycles through expansion 
•  Estimating the number of iterations (extracted directly from a 

CPG in the easy case or approximated using expert knowledge 
in the worst-case scenario)  

•  Expanding the identified cycle 

Mitigation Algorithm 

Mitigation Algorithm Extensions 


