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Computerization of Clinical Guidelines

• Description of decision process
that contents in clinical
guidelines
• GLIF [Greenes et al, 1999]

• PROforma [Fox & 
Rahmanzadeh, 1998]

• GUIDE [Ciccarese et al, 2003]

• PRODIGY [Purves et al, 1999]

• Aimed at elaborating decision
systems

• Methods using document as a 
representation support
• HGML [Hagerty et al, 2000]

• GEM [Shiffman et al, 2000]

• Aimed at managing the 
document

Approaches centered on
knowledge formalization

Approaches centered on 
document engineering

Translation of guideline into computer-executable 
statements is complex [Shiffman et al, 1999]
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Document-based Approaches

Adding information on text using markingAdding information on text using marking--upup

GEM is the most known model and has been GEM is the most known model and has been 
recognized as a standard to structure clinical recognized as a standard to structure clinical 
guidelinesguidelines

Translation of text to document models faces Translation of text to document models faces 
limitationslimitations

Documents are subject to variations in styleDocuments are subject to variations in style
Interpretation problems affecting encodingInterpretation problems affecting encoding



Comparison of Clinical Guidelines Encoding

FormalismsFormalisms representrepresent differentdifferent
processesprocesses : : decompositionsdecompositions, , 
temporal and temporal and conditionalconditional aspectsaspects

DividedDivided intointo algorithmicalgorithmic
representationsrepresentations, plans and , plans and PetriPetri
netsnets

Document must Document must bebe analyzedanalyzed and and 
understoodunderstood as a as a wholewhole to to bebe
translatedtranslated intointo formalismsformalisms

Can Can directlydirectly bebe integratedintegrated intointo
DecisionDecision Support Systems (DSS)Support Systems (DSS)

Enhancement of text by Enhancement of text by 
elements of informationelements of information

RequiresRequires an an additionaladditional levellevel
of of interpretationinterpretation to to extractextract
rulesrules or or decisiondecision treestrees

A pivot representation for A pivot representation for 
ulterior transformations or the ulterior transformations or the 
generation of others generation of others 
representationsrepresentations

Knowledge-based approach Document-based approach

Extraction of Extraction of completecomplete knowledgeknowledge structures structures fromfrom free free texttext usingusing
Information Extraction techniquesInformation Extraction techniques

HGML (HGML (HagertyHagerty et al. 2006), LASSIE (Kaiser et al. 2005)et al. 2006), LASSIE (Kaiser et al. 2005)



Approach

Integrate knowledgeIntegrate knowledge--based and documentbased and document--based based 
approaches.approaches.

Test case: study the structure of clinical guidelines (with Test case: study the structure of clinical guidelines (with 
the objective of assessing their consistency and the objective of assessing their consistency and 
completeness)completeness)

Analyze textual guidelines using a software environment Analyze textual guidelines using a software environment 
based onbased on

guideline document encoding using markguideline document encoding using mark--upsups
protocol representation using the most general protocol representation using the most general 
formalismformalism



Part IPart I

A General Formalism ApproachA General Formalism Approach



Modeling Guidelines 
with Planning Formalisms

KnowledgeKnowledge--basedbased approachesapproaches are are basedbased on on knowledgeknowledge
structures structures centeredcentered on on clinicalclinical actionsactions

PROPROformaforma (Fox et al. 1996)(Fox et al. 1996)
ProdigyProdigy (Johnson et al. 2000)(Johnson et al. 2000)

relatedrelated to action to action representationsrepresentations encounteredencountered as part of as part of 
planning planning formalismsformalisms suchsuch as STRIPS or PDDLas STRIPS or PDDL

RoleRole of planning of planning formalismsformalisms and and theirtheir applicabilityapplicability to to 
clinicalclinical guidelines guidelines modelingmodeling ((BradbookBradbook et al. 2005)et al. 2005)



Using HTN to represent
Guidelines Protocols

Hierarchical Task Networks (HTN) are Hierarchical Task Networks (HTN) are one of the one of the mostmost
successfulsuccessful planning planning formalismsformalisms and and focus on tasks and focus on tasks and 
knowledgeknowledge

HTN are HTN are usedused in a in a varietyvariety of of implementedimplemented systemssystems
RoboticsRobotics, , gamegame playingplaying (bridge), (bridge), virtualvirtual characterscharacters
animationanimation

HTN are best HTN are best appliedapplied to to knowledgeknowledge--intensive Planning intensive Planning 
problemsproblems

TheirTheir toptop--down descriptions are down descriptions are wellwell suitedsuited to the to the 
description of description of clinicalclinical protocolsprotocols



HTN Formalization of Clinical Guidelines

Appropriate to represent multiAppropriate to represent multi--step decomposable step decomposable 
processes, provided they can be decomposed into processes, provided they can be decomposed into 
independent subindependent sub--taskstasks

The explicit nature of AND/OR graphs allows a direct The explicit nature of AND/OR graphs allows a direct 
visualization that also facilitates knowledge elicitationvisualization that also facilitates knowledge elicitation

Various steps of clinical care can be represented as an Various steps of clinical care can be represented as an 
AND/OR graph, in essence formalizing an AND/OR graph, in essence formalizing an explicitexplicit HTNHTN

The main task (the overall goal of the clinical protocol) has beThe main task (the overall goal of the clinical protocol) has been en 
decomposed decomposed a prioria priori and entirely, down to the level of grounded and entirely, down to the level of grounded 
actionsactions
Each subEach sub--task should be associated pretask should be associated pre--conditions as well as postconditions as well as post--
conditionsconditions
Heuristics guide node selection at the level of OR nodes, and coHeuristics guide node selection at the level of OR nodes, and costs sts 
associated to the actual clinical actionsassociated to the actual clinical actions



Part IIPart II

A Document Engineering A Document Engineering 
EnvironmentEnvironment



G-DEE (Guidelines Document 
Engineering Environment)

A software environment for the study of Clinical A software environment for the study of Clinical 
Guidelines that incorporates automatic text processing Guidelines that incorporates automatic text processing 
functionsfunctions

Automatically performs XML encoding of guidelines Automatically performs XML encoding of guidelines 
based on the recognition of the guidelinebased on the recognition of the guideline’’s linguistic s linguistic 
contentcontent

These processing functions recognize specific natural These processing functions recognize specific natural 
language expressions corresponding to the linguistic language expressions corresponding to the linguistic 
formulation of elementary recommendations (formulation of elementary recommendations (deontic deontic 
operatorsoperators))



A B

C
D



Linguistic Analysis

Deontic propositionsDeontic propositions are the most characteristic linguistic are the most characteristic linguistic 
structures of normative texts [Kalinowskistructures of normative texts [Kalinowski11]]

Previous work on legal texts by Moulin et al.Previous work on legal texts by Moulin et al.22

These are based on deontic operators such as (in These are based on deontic operators such as (in 
French):French):

pouvoirpouvoir (to be allowed to or may),(to be allowed to or may),
devoirdevoir (should or ought to),(should or ought to),
interdireinterdire (to forbid)(to forbid)

Frequency of deontic verbs for a set of 20 French Clinical Frequency of deontic verbs for a set of 20 French Clinical 
Guidelines (composed of 83,997 word occurrences)Guidelines (composed of 83,997 word occurrences)33

1 Kalinowski G. La Logique Déductive. Presses Universitaires de France (in French); 1996.
2 Moulin B, Rousseau D. Knowledge acquisition from prescriptive texts. ACM, 1990: 1112:1121. 
3 Georg G, Colombet I, Jaulent MC. Structuring Clinical Guidelines through the Recognition of Deontic 
Operators. Stud Health Technol Inform. 2005;116:151-6.



Grammar of Deontic Operators 

Identification of specific syntactic structures for Identification of specific syntactic structures for 
deontic operatorsdeontic operators

Extended corpus of 17 documents to maximize Extended corpus of 17 documents to maximize 
syntactic coverage (clinical guidelines / consensus syntactic coverage (clinical guidelines / consensus 
conferences / medical teaching material)conferences / medical teaching material)

Deontic operators (for French):Deontic operators (for French):
recommanderrecommander (to recommend)(to recommend) -- ééviterviter (to avoid)(to avoid)
conseillerconseiller (to advise) (to advise) -- prescrireprescrire (to prescribe)(to prescribe)
prprééfféérerrer (to prefer)(to prefer) -- proposerproposer (to propose)(to propose)
envisagerenvisager (to consider)(to consider) -- traitertraiter (to treat)(to treat)



Syntactic formalism

FiniteFinite--State Transition NetworksState Transition Networks1 1 (FSTN)(FSTN)

Convenient way to define specialized structures, Convenient way to define specialized structures, 
including their morphological variantsincluding their morphological variants

170 syntactic patterns described from our corpus 170 syntactic patterns described from our corpus 
analysis (corresponding to 65 deontic operators)*analysis (corresponding to 65 deontic operators)*

12,000 FSTN* once morphological variants are 12,000 FSTN* once morphological variants are 
taken into accounttaken into account

1 Roche E, Schabes Y. Finite-State Language Processing. MIT Press; 1997. 
* Latest version



Scopes of Deontic Operators

<FrontScope> Investigation for secondary 

hypertension (with specific laboratory tests or imaging) 

</FrontScope> should be considered <BackScope>

in young hypertensive patients (under 30 years old) 

</BackScope>.

Scopes correspond to the operands of deontic operatorsScopes correspond to the operands of deontic operators
Front-Scope: a scope that precedes a deontic operator

BackBack--Scope: a scope that follows the operatorScope: a scope that follows the operator

The The encodingencoding cancan serve as a basis for serve as a basis for furtherfurther processingprocessing
The extraction of The extraction of decisiondecision rulesrules underunder textualtextual formatformat
The The encodingencoding usingusing GEM GEM categoriescategories





Automatic Structuring in the GEM Format

<FrontScope> Investigation for secondary hypertension (with 

specific laboratory tests or imaging) </FrontScope> should 

be considered <BackScope> in young hypertensive patients 

(under 30 years old) </BackScope>.

A



Automatic Structuration in the Decision
Rule Format

<FrontScope> Investigation for secondary hypertension (with 

specific laboratory tests or imaging) </FrontScope> should 

be considered <BackScope> in young hypertensive patients 

(under 30 years old) </BackScope>.

A



Part IIIPart III

GG--DEE & HTNDEE & HTN



System Overview

An An experimentalexperimental software software platformplatform integratingintegrating
A document engineering A document engineering environmentenvironment
An HTNAn HTN--basedbased modulemodule

The The protocolprotocol has been has been modeledmodeled as an HTN and as an HTN and 
the systemthe system--drivendriven exploration of exploration of itsits AND/OR AND/OR 
graph drives the interactive consultation of the graph drives the interactive consultation of the 
guideline document model to guideline document model to assistassist in the in the 
instantiationinstantiation of the solution of the solution subsub--graphgraph

SynchronizationSynchronization isis basedbased on the on the automaticautomatic
extraction of information extraction of information fromfrom the the markedmarked--up up 
guideline guideline correspondingcorresponding to the HTN to the HTN subsub--tasktask



Key Ideas

Instantiate HTN using the contents of guidelines, Instantiate HTN using the contents of guidelines, 
more specifically recommendations that more specifically recommendations that 
constitute essential knowledgeconstitute essential knowledge

Aims at obtaining a subAims at obtaining a sub--graph representing an graph representing an 
instance of the guidelines recommendations on instance of the guidelines recommendations on 
specific patient dataspecific patient data

Our algorithm for traversing HTN and guideline Our algorithm for traversing HTN and guideline 
is based onis based on

““Offline heuristic calculation modeOffline heuristic calculation mode””
““Online heuristic modeOnline heuristic mode””



ExampleExample: the: the Hypertension HTNHypertension HTN



Overview of the Process

The HTN is represented as an AND/OR graph The HTN is represented as an AND/OR graph 
traversed using AO*traversed using AO*

The user interprets the different The user interprets the different 
recommendations highlighted by Grecommendations highlighted by G--DEE in the DEE in the 
dedicated interactive window, and is able to dedicated interactive window, and is able to 
specify the corresponding heuristic value for the specify the corresponding heuristic value for the 
node considerednode considered

The final output of an interactive session is an The final output of an interactive session is an 
explicit task decomposition (only containing AND explicit task decomposition (only containing AND 
nodes) which is ready for instantiation on the nodes) which is ready for instantiation on the 
data specific to a patient profiledata specific to a patient profile



Description of AO*



Example Run: 
French Hypertension Guidelines

The overall system behavior consists in 
traversing the HTN from the top node and 
extracting a solution graph

Data are accessed for an example patient, which 
will drive the instantiation of the various pre-
condition of the plan operators

Determine which textual data is instantiating 
operators and which one is used by heuristic 
rules 

e.g., age in the exploration of secondary 
hypertension





Synchronization of HTN Traversal and 
Document Exploration

An HTN for the management of hypertensionAn HTN for the management of hypertension11

has been developed independently of the textual has been developed independently of the textual 
guideline itself (by using knowledge from other guideline itself (by using knowledge from other 
sources, e.g. textbooks, experts)sources, e.g. textbooks, experts)

Synchronization should relate the contents of Synchronization should relate the contents of 
HTN nodes traversed (concepts) to the contents HTN nodes traversed (concepts) to the contents 
of the textual guidelinesof the textual guidelines

1“Management of adults with essential hypertension – 2005 update” (http://www.has-sante.fr) 



Example of Determining Heuristic 
in the Offline Mode

Patient 
data

Value of 
CVR is 

propagated

1
2



Mapping HTN Traversal
to the Guideline 

Document

Recommendations interpreted as heuristics can be Recommendations interpreted as heuristics can be 
used to select the most appropriate alternative in used to select the most appropriate alternative in 
the extraction of a solution task graphthe extraction of a solution task graph
A key problem: how to interpret textual A key problem: how to interpret textual 
recommendations in terms of selection heuristics recommendations in terms of selection heuristics 
or grounded action costs?or grounded action costs?



Example of Heuristic Determination 
in Online Mode

Drugs acting on the renin-
angiotensin system (i.e. 
ACE inhibitors), combined 
with a thiazide diuretic are 
recommended for first-line 
use once renal artery 
stenosis has been ruled 
out.

Referring to 
recommendations



HTN Traversal with a
Specific Clinical Situation (1/2)

Consider a patient withConsider a patient with
a high level of cardiovascular risk and an a high level of cardiovascular risk and an 
antihypertensive monotherapy based on antihypertensive monotherapy based on 
diureticsdiuretics

For whom an inefficient treatmentFor whom an inefficient treatment



HTN Traversal with a
Specific Clinical Situation (2/2)

The node The node ““prescribe drug treatmentprescribe drug treatment”” is selected in the is selected in the 
HTNHTN

Three recommendations are highlighted in the clinical Three recommendations are highlighted in the clinical 
guidelinesguidelines

““If the BP target is not achieved with firstIf the BP target is not achieved with first--line therapy, a line therapy, a 
combination of two drugs may be started as secondcombination of two drugs may be started as second--line therapy line therapy 
after at least 4 weeks.after at least 4 weeks.””
““However, it may be started early in patients with BP However, it may be started early in patients with BP ≥≥ 180/110 180/110 
mm Hg regardless of the number of CVR factors; in patients with mm Hg regardless of the number of CVR factors; in patients with 
BP of 140BP of 140--179/90179/90--109 mm Hg and a high CVR.109 mm Hg and a high CVR.””
““If the patient does not respond to the initial therapy after 4 If the patient does not respond to the initial therapy after 4 
weeks or experiences side effects, a drug from a different weeks or experiences side effects, a drug from a different 
therapeutic class should be prescribed.therapeutic class should be prescribed.””

1

2

3



Sub-graph Issues from the Instantiation 
of the Node



A solution Sub-graph



Conclusion

The joint use of a knowledge model and a The joint use of a knowledge model and a 
document model can be a new approach document model can be a new approach 
to study the completeness and to study the completeness and 
consistency of clinical guidelinesconsistency of clinical guidelines

HTN provide a good formalization for HTN provide a good formalization for 
protocols: textual recommendations can protocols: textual recommendations can 
provide heuristics for solution extractionprovide heuristics for solution extraction


