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KEYWORDS Summary Clinical Practice Guidelines (CPGs) are being developed as a tool to pro-
Clinical practice mote best practice in medicine. However, the diffusion of paper guidelines has been
guidelines; shown to only have a limited impact. This is why computerization of CPGs has re-

cently been suggested as a means to improve their dissemination as well as physi-
cians’ compliance. The Guideline Elements Model (GEM) has been proposed to fa-
cilitate the encoding of CPGs and support the automatic processing of marked-up
documents.

In this paper, we explore the automatic generation of a rule base from a textual
guideline using GEM. In this study, we propose an extension of the GEM model that
introduces additional levels of structuring centered on decision variables. This al-
lows a more efficient representation of the decision processes, which supports the
automatic generation of decision rules from textual guidelines. The 1999 Canadian
recommendations for the management of hypertension have been marked-up as a
GEM-encoded instance of our extended DTD. We derived a rule base using an XML
parser to extract the relevant elements to instantiate the IF and THEN clauses of
decision rules. The rule base automatically generated compares favourably with
the manual generation of decision rules in the ASTI project. This approach is an
interesting case study in the computerization of CPGs, as it illustrates processing
steps that are relevant to the various aspects of CPGs lifecycle, from production to
consultation and use.
© 2004 Elsevier Ireland Ltd. All rights reserved.

Decision support
systems;

Decision rules;
Knowledge modeling;
GEM

1. Introduction

Clinical practice guidelines (CPGs) are being devel-
- oped to help physicians to improve their practice.
Corresponding author. o CPGs are texts usually structured as sets of clinical
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textual guidelines fail to have a significant impact
on physician behavior. For example, in one study
[1], 1775 patient treatments were retrospectively
assessed for compliance with best practice, using
questionnaires based on five performance criteria
(hence corresponding to 8775 items). For each
treatment, Mottur et al. determined the total
number of self-reports of noncompliance with the
guidelines. The self-assessed performance of 85
internists revealed an overall noncompliance rate
of 24% (2073 of 8775 instances). The physicians’
open-ended comments suggested that physician
oversight, patient nonadherence, and systems
issues were common reasons for noncompliance.
One conclusion is that Decision Support Systems
(DSSs) embedding the content of CPGs within their
knowledge bases could be a more efficient way
of disseminating best practice [2]. However, the
development of knowledge bases corresponding
to CPGs contents requires an appropriate method
for knowledge acquisition. Numerous approaches
to knowledge elicitation have been proposed, e.g.
KADS [3], which aims at developing computable
models in which a conceptual framework for knowl-
edge communication among experts and developers
is established [4]. Knowledge acquisition tools are
available to support the development of clinical
applications. For instance, Protégé-2000 [5] is an
integrated knowledge base editing environment for
the creation of customized knowledge-based tools.
In the specific case of CPGs, the natural language
content cannot be directly transcribed into the
formalisms used in knowledge representation [6].
The production of knowledge structures from free
text relies on human intervention, not simply for
the interpretation of ambiguous statements, but
also for the contextual interpretation of implicit in-
formation. This kind of interpretation is subjective
and error prone and, as a result, the encoding of
textual guidelines is subject to variations. Depend-
ing on the encoder’s experience, competence, and
medical expertise [7], incompleteness, ambiguities
and imprecision often attached to textual CPGs
may affect the quality of knowledge bases derived
from CPGs contents. The Guideline Elements Model
(GEM) [8,9] has been proposed as a document-
based model, in order to structure guideline
knowledge and promote the translation of textual
guidelines into computer format. GEM provides
an additional level of structure for the textual
contents, which is based on semantic categories;
the underlying hypothesis being that this should
facilitate the contextual interpretation of CPGs
contents required to instantiate a knowledge base.

In this paper, we present an experiment in us-
ing GEM to facilitate the generation of a knowledge

base of production rules from textual guidelines,
in the field of hypertension management. We pro-
pose an extension to the set of GEM categories that
provides an additional level of structuring, which in
turn facilitates the resolution of contextual ambi-
guities, especially those concerning the definition
of the recommended sequence of therapies within
the long term management of chronic diseases. The
kinds of ambiguities we are addressing are of spe-
cific relevance to guidelines developed for the man-
agement of chronic diseases. One main reason being
that they refer to clinical situations whose context
evolves throughout the sequence of therapies and
the evolution of the disease: this results in many
information being left implicit and/or open to in-
terpretation.

A normalized GEM-encoded instance was devel-
oped that automatically generate decision rules. It
was applied to the 1999 Canadian recommendations
for the management of hypertension [10]. The re-
sulting rule base was compared for completeness
and consistency to one manually encoded from the
same guideline document by two physicians of the
ASTI project [11].

The article is organized as follows: the next sec-
tion gives some background elements on GEM and
presents results of experiments using GEM to struc-
ture textual CPGs. The section ‘Material’ describes
Canadian recommendations, the GEM DTD, and de-
cision rules of the ASTI project. The automatic
building of a rule-based knowledge base from tex-
tual Canadian recommendations is then described
in the section ‘Method’. A preliminary evaluation of
the results, through the comparative assessment of
knowledge bases is given in the section ‘Results’.

2. Background

Various formalisms have been proposed to facili-
tate the production of medical knowledge bases.
The oldest one, and the most widely used, is the
Arden Syntax [12] in which Medical Logic Modules
(MLMs) support clinical decision by the generation
of alerts and reminders. This formalism, however,
does not specifically address the problem of knowl-
edge acquisition from text, which characterizes the
use of CGPs. More recently, the GuideLine Inter-
change Format (GLIF) [13] proposed to model guide-
line content as a flowchart of structured steps rep-
resenting clinical actions and decisions.
‘‘Document-centric systems’’ [6] are at the
other end of the decision support spectrum.
For instance, ActiveGuidelines [14] uses mark-
up technologies to extract guideline fragments
relevant to a specific patient situation. In the
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PROforma project, Steele and Fox [15] have also
proposed to augment guideline documents with
decision-making services based on a task model.
GEM [8] takes a different approach and proposes
a comprehensive mark-up system for annotating
a guideline document. By describing concepts
relevant to guideline representation, attributes
of these concepts and relationships among them,
GEM is intended to serve as a document model
of CPGs and aims at promoting the translation
of textual guidelines into a format that can be
processed by computers [16,17,18]. For instance,
an XML-based application that facilitates the
automated generation of partially populated MLMs
from GEM-encoded guidelines has been published
[16]. With the same objectives but using more
complex formalisms, Shahar et al. have recently
proposed the Digital Electronic Guidelines Library
(DeGel) [19], a whole software suite that aims at
facilitating translation of textual clinical guidelines
to a formal representation using the Asbru ontology
[19]. However, guideline marking-up has several
limitations. Although it has been found compre-
hensive enough to model the information content
of CPGs, substantial variation is still observed in
the creation of the GEM-encoded instance of a
given CPG by different persons [9]. As the model is
simply an abstraction of the guideline document,
GEM alone does not support the resolution of
ambiguities present in many textual guidelines.
Using as a test case the ambiguities present in
the Canadian CPGs for the management of hyper-
tension [10], we propose a framework to represent
the sequence of therapeutic decisions that facil-
itates contextual interpretation, hence ambiguity
resolution. This framework is implemented through
an extension of GEM, refining the model’s granu-
larity through additional attributes. We encode the
guideline document using our extension of GEM and
use this structure to automatically derive a set of
decision rules by parsing the XML structure of the
encoded document. We then evaluate this rule base

comparatively to a rule base manually developed in
the ASTI project from the same guidelines [10].

3. Material

3.1. The Canadian recommendations for
the management of hypertension

The 1999 Canadian recommendations for the man-
agement of hypertension [10] are chosen as our ref-
erence guideline document. It is structured in chap-
ters corresponding to specific clinical situations.
For instance, the case of ischemic heart disease as
a complicating factor of hypertension is presented
in Fig. 1. Within each chapter, an ordered sequence
of therapeutic recommendations is proposed.

This textual CPG suffers from incompleteness (no
recommendation for complex polypathological pa-
tient conditions), and fuzziness of the terms used
(stable angina, recent myocardial infarction, nor-
mal left ventricular function, etc.). The chronolog-
ical sequence of therapeutic recommendations is
also open to some interpretation, as the various
items (1 and 4) can be interpreted as alternative
initial conditions, or as corresponding to different
stages of disease progression.

3.2. The GEM DTD

GEM is a guideline document model based on an XML
DTD [8] that organizes the heterogeneous knowl-
edge contained in textual practice guidelines. It is
a multi-level hierarchy of more than 100 discrete
elements structured in nine major branches. Among
them, the knowledge components section repre-
sents the recommendation’s logic and constitutes
‘‘the essence of practice guidelines’’. It is this
aspect of GEM that we extended to produce our en-
coding framework, focusing on those elements sig-
naling therapeutic decisions. We extended the con-

VIII Ischemic heart disease

(grade D).

channel blockers should not be used (grade C).

normal left ventricular function.

1. For patients with stable angina and hypertension, B-adrenergic antagonists are preferred as initial therapy

2. Alternative therapies would include long-acting calcium-channel blockers (grade B). Short-acting calcium-

3. Patients with hypertension and a recent myocardial infarction should be treated with either 3-adrenergic

antagonists, ACE inhibitors or both. Both classes of drug protect against reinfarction and death (grade A).

4. Alternative therapies would include verapamil (grade A) and diltiazem (grade C), but only in the setting of

Fig. 1 Therapeutic recommendations for hypertensive patients with ischemic heart disease.
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ditional element that represents recommendations
applicable under specific circumstances, by adding
new attributes. Only a few of these sub-elements
are actually used: decision.variable to describe el-
ements of the decision, action to describe the rec-
ommended therapy, recommendation. strength to
quantify the level of proof, and evidence.quality to
establish the quality of the recommendation. Even
though this extension appears simple in terms of
the additional categories introduced, its real power
derives from the additional level of structuring
that has a strong impact on the elicitation of rule
content.

3.3. Manual derivation of decision rules
from CPGs (the ASTI project)

ASTI (‘*Aide a la Stratégie Thérapeutique Informa-
tisée’’) is a French project [11] which aim is to
develop a guideline-based DSS to enable general
practitioners to avoid prescription errors and to im-
prove compliance with best therapeutic practices.
The knowledge base is formalized as ‘‘IF-THEN’’
production rules, and has been manually built from
the Canadian CPGs [10] by two physicians. The
condition parts of the rules represent clinical situ-
ations descriptions and the action parts correspond
to the set of recommended actions including the
grade of the recommendation.

4, Method

Tierney et al. [20] recommended that guideline de-
velopers structure recommendations as ‘‘IF-THEN-
ELSE’’ statements, to structure the use of guideline

knowledge at each decision step. The aim of this
work is to automatically generate a set of canoni-
cal decision rules from guideline contents: this au-
tomatic generation is made possible through the
encoding of guideline contents using an extension
of the GEM approach. The rationale for the gen-
eration of IF-THEN rules is the existence of de-
cision variables in the CPG. More precisely, deci-
sion rules are represented as IF-THEN-WITH state-
ments, where the condition (IF) part corresponds
to a set of decision.variable elements of the GEM
DTD, the action (THEN) part corresponds to a set of
action elements, and the evidence (WITH) part cor-
responds to the id of the recommendation.strength
element. To enable the generation of such rules
from a GEM-encoded instance, it was necessary to
modify the GEM encoding scheme to reflect the
importance of decision variables, and obtain the
same structure for both decision variables and ac-
tions in the DTD. This is why we first extended
the original GEM DTD. Then, we proposed a frame-
work to resolve the ambiguities of the original
guideline document with respect to the therapeutic
strategies. We started by producing a new encoded
instance for the Canadian CPGs using our exten-
sion of GEM. We then developed a module to
automatically derive decision rules from this GEM-
encoded instance (Fig. 2). Finally, as a prelimi-
nary form of validation, we compared the resulting
GEM-based rule base to the one produced manu-
ally by two physicians in the ASTI project [11]. This
comparison was based on two criteria: (i) descrip-
tive, assessing the number of rules generated as
well as their average granularity and complexity,
and (ii) operational, by comparing the therapeu-
tic recommendations proposed by both approaches
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Fig. 2 Automatic generation of decision rules from a GEM-encoded CPG.
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Fig. 3 The extended GEM DTD with the value sub-element for the action element.

on the same sample of 10 hypertensive patient
cases.

4.1. Extension of the original GEM DTD

In the GEM DTD, conditional recommendations
mainly rely on decision.variable and action ele-
ments. Decision variables are described by a value,
a description, test parameters and a cost (Fig. 3).
Actions descriptions are structured in various fields,
i.e. benefit, risk and cost that can be grouped to-
gether into a single ‘‘action parameter’’ field. As
discussed above, to enable the automated deriva-
tion of rules, we need a homogeneous data model
for decision.variable and action elements. As the
decision variable contains a value sub-element, we
added a similar field to the action element.

Another extension to the GEM model concerns
the structure of actions, represented through the
notion of therapeutic strategy (lines of treatment
and level of intention). We discuss the representa-
tion of therapeutic strategies in the next section;
examples of the corresponding GEM encoding are
given in the section ‘Production of an extended GEM
document instance’.

4.2. Representing therapeutic strategy
through guidelines’ decision steps

In the follow-up of chronic diseases, therapeutic
recommendations depend on the patient state and
on his therapeutic history, i.e. prior prescriptions
that either were not adequate or provided unac-
ceptable side effects. This is what makes chronic
diseases a relevant test case for our approach.
To resolve guideline ambiguities in the presen-

tation of the chronological steps of the recom-
mended therapy, we propose a framework formal-
izing the therapeutic strategy for a given patient
profile.

A therapeutic strategy S is represented by
an ordered sequence of therapeutic lines; each
therapeutic line is made of a set of treatments
ordered according to therapeutic levels of in-
tention. According to a patient clinical situation
and his response to the ongoing treatment, the
recommended treatment may be either the next
level of intention within the same therapeutic
line or the first level of intention of the following
therapeutic line.

For instance, the therapeutic strategy for pa-
tients with stable angina corresponding to recom-
mendations described in items 1 and 2 in Fig. 1 is
represented with one line with two levels of inten-
tion as follows:

S = (B — adrenergic antagonists, calcium

— channel blockers)

INTy, = B — adrenergic antagonists

INTy, = (substitutioninthe case of intolerance)

= calcium — channel blockers

4.2.1. Marking-up the Canadian CPGs

We first marked-up the original document to iden-
tify those sections matching decision.variable and
action elements. For instance, in the case of the
first item of recommendations for ischemic heart
disease, we identified the patient condition as a de-
cision.variable and the recommended therapy as an
action (Fig. 4).
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<decision.variable source = “explicit”> For patients with stable angina and hypertension </decision.variable>

<action source = “explicit”> B-adrenergic antagonists are preferred as initial therapy (grade D) </action>

Fig. 4 Marked-up section corresponding to the first recommendation for ischemic heart disease.

disease

<decision.variable source = “explicit” decision.variable.id = “state_patient.pathology”> hypertension
<value source = “implicit” value.id = “HT”/> </decision.variable>

<decision.variable source = “explicit” decision.variable.id = “state_patient.pathology”> ischemic heart

<value source = “implicit” value.id = “ISC_HEA_DIS”/> </decision.variable>
<decision.variable source = “cxplicit” decision.variable.id = “state_patient.pathology”> stablc angina

<value source = “implicit” value.id = “STA_ANG”/> </decision.variable>

Fig. 5 Refined GEM encoding for decision variables.

4.2.2. Production of an extended GEM
document instance

We identified three classes of patient parameters,
i.e. age, risk factors, and associated diseases rep-
resented by ‘‘state_patient.age’’, ‘‘state_patient.
risk_factor’’ and *‘state_patient.pathology’’ in cor-
responding value.id element of decision variables.
We then refined the GEM encoding for those sec-
tions corresponding to decision variables, in order
to introduce the above parameters as an additional
level of structuring.

Finally, we associated mnemonics to the var-
ious decision.variable elements (Fig. 5). These
mnemonics will serve as parameters of the IF-
THEN rules automatically generated from the GEM-
encoded document instance.

In the specific case of the first recommendation
for ischemic heart disease (Fig. 1), ‘‘initial ther-
apy’’ is interpreted as the first level of intention
of the first line of therapy. The type of therapy is
specified (monotherapy) as well as the nature of
the pharmacological drug class (B-adrenergic an-
tagonists).

The introduction of mnemonics was also per-
formed for actions (Fig. 6) leading to the instantia-
tion of the value sub-element of the action element
introduced in the extended DTD. At the end of this
encoding step, using the extended GEM model, the
encoded instance contains specific representations
for actions (both in terms of structures and variable
identifications) that make possible the automatic
generation of decision rules.

4.3. Derivation of the rule base

Target decision rules are represented as: ‘‘IF deci-
sion.variable THEN action WITH recommendation.
strength’’. The construction of the rule base relies
on the identification of decision.variable, action,
and recommendation.strength elements in the
GEM-encoded instance. The rule generation process
is based on the simultaneous extraction of actions’
structure and contents from the GEM-encoded in-
stance, using an XML parser. In the example rep-
resented in Fig. 5, ‘‘state_patient.pathology’’ and

<action source = “explicit” action.id = “treatment.line”> first line treatment
<value source = “implicit” value.id = “L1”/> </action>
<action source = “explicit” action.id = “treatment.intention”> first intention
<value source = “implicit” value.id = “INT1”/> </action>
<action source = “explicit” action.id = “treatment.type”> monotherapy
<value source = “implicit” value.id = “MONO”/> </action>
<action source = “explicit” action.id = “treatment.nature”> 3-adrenergic antagonists

<value source = “implicit” value.id = “BB”/> </action>

Fig. 6 Refined GEM encoding for actions: therapeutic lines.
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**'STA_ANG’’ are the identification (id) of corre-
sponding values extracted from decision.variable
element, i.e. ‘‘stable angina’’. In the IF part of
the rule, we have thus ‘‘state_patient.pathology
= STA_ANG’’ which corresponds to the textual
sentence of the CPG: ‘‘For patient with stable
angina’’ (Fig. 1).

The process of extraction is the same for the
entire instance. For the previous example, we ob-
tained the following rule:

IF state_patient.pathology = HT
and state_patient.pathology = ISC_HEA_DIS
and state_patient.pathology = STA_ANG

THEN treatment.line = L1

and treatment.intention = INT1
and treatment.type = MONO
and treatment.nature = BB

WITH recommendation.strength = D

4.4, Evaluation of the derived rule base

We compared the rule base derived from the GEM-
encoded instance, denoted BR.ggm, to the one
produced manually by two physicians in the ASTI
project, denoted BR- 5T}, according to both descrip-
tive and operational criteria.

On the descriptive side, we compared both rule
bases on a quantitative basis, i.e. the number of
rules, the number of premises in IF parts, the num-
ber of actions in THEN parts, and on a qualita-
tive evaluation, i.e. the number of clinical situa-
tions which are taken into account by the two ap-
proaches. On the operational side, we first devel-
oped a simple forward chaining inference engine to
exploit BR.gem. Then, we compared the therapeu-
tic recommendations proposed by both approaches
on a sample of eight hypertensive patient cases.

5. Results

The automatically generated rule base, BR.ggm,
comprises 104 rules versus 98 rules for the rule
base manually generated from the same guidelines,
BR-asTI-

5.1. Descriptive criteria

5.1.1. Quantitative comparison

In both approaches, IF parts correspond to patient
clinical descriptions. The difference in encoding be-
tween our approach and the ASTI approach is re-

Table 1 Quantitative description of BR-xst and BR-g
BR-asTi BR-gem
No. of elementary rules 98 104
No. of premises (mean value) 2.93 4.49
No. of actions (mean value) 3.10 4.42

sponsible for differences in rule granularity. For
instance, the therapeutic level of intention is en-
coded by a unique attribute in BR.as1i. On the
contrary, following the interpretative framework
we previously introduced, steps of the therapeu-
tic strategy are characterized in BR-ggy by a ther-
apeutic line and a therapeutic level of intention.
Yet the important aspect is not simply rule granu-
larity, as approximated by the number of premises,
but the fact that our approach provides a more con-
sistent decomposition of premises. THEN parts are
similarly formalized in both approaches and char-
acterize the therapeutic class recommended by the
guideline in the clinical situation described by the
IF part. Overall, BR.ggm rules tend to be more spe-
cific than BR_as1) rules. Since the average number
of premises constitutes an indication of specificity
in this context, we can use it to compare the two
rules bases (Table 1).

5.1.2. Qualitative comparison

The differences observed between BR.ggy and
BR-asT can be in part explained by the ambiguity of
the Canadian CPGs that allows for different inter-
pretations of some parts of the document. BR.gem
describes 30 clinical situations, whereas BR-asT)
covers 19 clinical situations. Only 15 clinical situ-
ations are common to BR.ggm and BR-xsti. For in-
stance, the case of patients under 60 years, suf-
fering of hypertension with diabetes and without
overt nephropathy correspond to a clinical situation
that is commonly represented by both BR.ggym and
BR-asT- Fifteen clinical situations are then specific
to BR-gem- Among them, eight correspond to clinical
situations described as chapter headers of the CPG
that have not been taken into account in BR.ps7).
This concerns two situations of patients with cere-
brovascular disease, three situations of patients
with peripheral vascular disease, two situations of
patients with hyperuricemia and gout, and one situ-
ation of patients with hyperlipidemia. However, the
seven remaining GEM.gpecific Situations are equiva-
lent to five clinical situations described in BR-sT,
only at a greater level of abstraction. It can be
noted that four clinical situations are actually spe-
cific to BR-asT;, but they correspond to ‘‘particular’’
textual interpretations of the guideline.
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5.2. Evaluation on real patient cases

We compared the treatments recommended by the
GEM-based system and the ASTI rule base on a sam-
ple of eight hypertensive patient cases. From the
eight analyzed cases, therapies recommended by
both approaches were identical in 37% of the cases
(3/8), and compatible in 40% of the cases (2/5),
i.e. the intersection of the therapies recommended
with both approaches was not empty. When the rec-
ommended therapies differed, the GEM-based ap-
proach appeared to provide better justified recom-
mendations.

6. Conclusion

CPGs are being developed as a tool to promote
best practice in Medicine. However, the diffu-
sion of paper guidelines only had a limited im-
pact. This is why computerization of CPGs has
recently emerged to improve their dissemination
and the compliance of physicians with best prac-
tice. Within this context, GEM aims at promot-
ing the translation of textual guidelines into a
format that can be more easily processed by
computers.

In this paper, we proposed an approach for
automatically generating decision rules from GEM-
encoded instance. We first proposed an exten-
sion of the GEM model that introduces additional
levels of structuring centered on decision vari-
ables. This allows a more efficient representation
of the decision processes, which supports the au-
tomatic generation of decision rules from textual
guidelines. The rule base automatically generated
compares favourably with the manual generation
of decision rules. These are preliminary results to
be confirmed in the framework of a larger study.
However, GEM already appears to facilitate the en-
coding of CPGs, which support various aspects of
guideline computerization. The proposed approach
can indeed be extended to support the comput-
erization of CPGs through the various aspects of
their lifecycle, from production to consultation and
use. The generation of decision rules itself can
play an important role at various steps of the CPGs
workflow: DSS can be used to assess the consis-
tency of textual guidelines at the time of writ-
ing, while at the other end of the workflow they
can provide assistance to guideline implementa-
tion. In that sense the case study in automatic
rule base generation we have presented is relevant
to the overall problem of guideline computeriza-
tion.
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