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Abstract. Clinical guidelines (GLs) play an important role in medical practice,
and computerized support to GLs is now one of the most central areas of re-
search in Artificial Intelligence in medicine. In recent years, many groups have
developed different computer-assisted management systems of GL. Each ap-
proach has its own peculiarities and thus a comparison is necessary. Many pos-
sible aspects can be analyzed, but a first analysis has probably to consider the
GL models, i.e. the representation formalisms provided. To this end, Peleg and
al. [4] have analyzed and compared six different frameworks. In this paper, we
analyse also GLARE and GPROVE on the basis of the same methodology.
Moreover, we extend such analysis by considering the tools and the facilities
that GLARE and GPROVE provide to support the use of GLs. The final goal of
our analysis is to exploit the differences between these two systems and if they
can be fruitfully integrated.

Keywords: clinical guideline, computer-assisted guideline manager, guideline
model, decision support, verification.

1 Introduction

Clinical guidelines (GLs) represent the current understanding of the best clinical prac-
tice. In recent years the importance and the use of GL are increasing in order to im-
prove the quality and to reduce the cost of health care. Many different systems and
projects have therefore been developed in order to realise computer-assisted manage-
ment of GL (see, e.g., the collections [1-3]), and computer—-based GL. management is
now one of the most central areas of research in Artificial Intelligence (Al) in medi-
cine and in medical decision making.

From the point of view of the GL model provided by such systems, i.e. of the GL
representation language, a comparison among some existing systems is described in
[4]. Such analysis concerns six approaches: Asbru [5], EON [6], GLIF [7], [8],
GUIDE [9], PRODIGY [10], and PROforma [11].

D. Riafio et al. (Eds.): KR4HC 2009, LNAI 5943, pp. 76 2010,
© Springer-Verlag Berlin Heidelberg 2010



Analysis of the GLARE and GPROVE Approaches to Clinical Guidelines 77

Since 2003, new approaches have been developed (eg. GPROVE[12], HeCaSe
[13], Helen[14], SpEM[15]) and some others (e.g. GLARE[16], GASTON [17],
SAGE[18]) was not considered in [4]. In this work, we extend this comparison by
analysing also GLARE [16] and GPROVE [12]. The methodology described in [4]
concerns mostly a review of syntactic features. Since we consider important the
analysis of the GL models, on the other hand we consider relevant that a computer—
based GL system supports the user-physicians. Thus we address the tools and verifi-
cation techniques provided by GLARE and GPROVE as well.

GLARE (Guideline Acquisition, Representation and Execution) [16] is a domain-
independent prototypical system to acquire, represent and execute GL, which has
been built starting from 1997 by University of Piemonte Orientale in cooperation with
Azienda Ospedaliera San Giovanni Battista in Turin, one of the largest hospitals in
Italy, and has been successfully tested in different domains, including bladder cancer,
reflux esophagitis, and heart failure.

GPROVE (Guideline PRocess cOnformance VErification framework) [19] is a set
of tools for the specification and run-time/a-posteriori compliance verification of the
observed GL behaviour. It is composed by a graphical process definition language
called GOSpeL (Guideline prOcess Specification Language), by an automatic map-
ping/translation module towards a formal language called SCIFF [20], and by an
operational counterpart (a proof procedure) of the SCIFF formalism, that is used to
verify the compliance of a given execution with respect to the defined GL process.
GPROVE has been built by University of Bologna and University of Ferrara, and, in
the SPRING PRRITT project sponsored by Emilia Romagna region, it has been suc-
cessfully tested with the Cancer Screening Guideline adopted by the sanitary organi-
zation of the Emilia Romagna region.

Main goal of our work is to study the feasibility of integrating GLARE and
GPROVE in a new common framework. First step of such study is to analyse their
GL models in order to define their similarities and their differences. Moreover, ana-
lysing tools and facilities they offer, we can understand what the new common
framework can provided to the users; in particular through this analyses, we can un-
derstand if the tools provided by the two approaches are or not complementary and
thus the potentiality of the new framework.

The paper is organized as follows. In Section 2 we present the comparison between
the GLARE and GRPOVE GL models using the methodology presented in [4]; in
Section 3 we extend the analysis taking into account also the tools that GLARE and
GPROVE provide to support use and verification of GLs. Finally in Section 4 we
address conclusions and future works.

2 Analysis of GLARE and GOSPEL GL Models

Peleg et al. [4] identified eight dimensions to compare different GL approaches.
These dimensions regard two broad categories: structuring guidelines as plans of
decisions and actions, and linking a guideline to patient data and medical concepts.



78 A. Bottrighi et al.

We compare GLARE and GPROVE/GOSpeL' using these eight dimensions, fol-
lowing the same methodology described in [4]. In order to ground the analysis on a
concrete setting, we started our comparison by acquiring the GL for managing chronic
cough developed by American College of Chest Physicians [21], that is a revised and
updated version of the GL [22] used in [4]. In Figure 1 and Figure 2 we show how
parts such GL have been modelled by using GLARE and GOSpelL..

We only provide a short description of the eight dimensions used in [4]; the inter-
ested reader is referred to [4] for a detailed discussion about them.

Dimension 1. Organization of guideline plan components: this dimension deals
with how the system supports the decomposition of GLs into networks of component
tasks (i.e. plans) and how it allows to express various arrangements of these compo-
nents and their interrelationships.

erapyParallelCRX Decidion 2 Fnaguat\

EXIT: cough GL
done

Intial Evaluation Decizion 1

®

ChestX-Ray Therapy A fterCR)

Fig. 1. Part of the chronic cough treatment guideline acquired in GLARE

slse else
—_————>|

initialEvaluation therapyParallelCRX finalEvaluation
(in: -, out: PatCondition ) (in: PatCondition, out: ResRX, ResT) (in: ResT, ResRX, out:—)

testTherapyMegativeResultType(ResT) C)
testPatientCondition_4Type (PatCondition)

1

chestxX-Ray (in:PatCondition, therapyAftercRX
out: Resr3) (in: ResRY, out: ResT)

Fig. 2. Part of the chronic cough treatment guideline acquired in GPROVE

GLARE uses the single, generic construct “has-part” to define plans. Plans can be
defined in terms of components (see dimension 3 for components types), which could
be themselves plans. GLARE supports sequential, parallel, cyclical, and iterative
plans. Parallelism is supported through the concurrency relation. Plan iteration can be
specified by providing temporal constrains (e.g. maximum and minimum duration,
frequency, periodicity, number of repetitions) and/or exit conditions. Although
GLARE allows to define only one entry point for a GL, it is possible to specify multi

" GOSpeL is the representation language of the GPROVE framework.
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entry point referring to patient states in decision criteria or preconditions that affect
the guideline control flow.

GOSpeL has a single, generic construct to define a plan and supports nesting.
GOSpeL supports sequential, parallel, cyclical, and iterative plans. To support paral-
lelism GOSpeL provides two specific constructs: parallel fork and parallel join, which
allow to define respectively the branching point of the multiple paths and synchroni-
zation point of the multiple parallel paths. Then GOSpeL provides two ways to define
plan iteration trough two constructs: the for construct given the number of repetition
and the while construct given a logical guard that works as an exit condition. Al-
though GOSpeL allows to define only one entry point for a GL, it is possible to spec-
ify multi entry point using decisions having criteria referring to patient states.

Dimension 2. Specification of goals/intentions: this dimension deals with how the
goals/intentions of actions can be defined.

GLARE specifies goals as text string; the goals are presented to the user-physician
during the GL execution.

GOSpeL represents goals formally via SCIFF language [20] and uses these expres-
sions to check compliance of a GL execution.

Dimension 3. Model of guideline actions: this dimension deals with the types and
the characteristics of GL actions (i.e. the modeling primitives) used to represent the
tasks described in GLs.

GLARE distinguishes between composite (see Dimension 1 for details) and atomic
actions. GLARE provides four different types of atomic actions: work actions, query
actions, decisions and conclusions. Actions are described in terms of their attributes
following in ontology described in a set of dedicated databases. In GLARE the medi-
cal knowledge is stored in a set of databases; the system interacts with them providing
the user-physician with information for the GL description.

In particular to specify action attributes, the user-physician can interact with the
Pharmacological DB, that stores a structured list of drugs and their costs, with the
Resources DB, that contains the resources available in a given hospital, with the ICD
DB, that contains a coding system of diseases provided by the Azienda Ospedaliera,
and with the Clinical DB, that provides a “standard” terminology to be used when
building a GL. For what concerns temporal constrains, GLARE allows to specify
qualitative and quantitative constraints, as well as duration of actions, delay between
actions, repeated/iterative events; all types of constraints may be imprecise and/or
partially defined (see [23] for details). For what concerns the exchange of information
(i.e. see System Actions in [4] for details), GLARE models the patient data query, and
during the execution the user-physician can specify the execution failure of one action.

GOSpeL describes a GL using blocks. The blocks are grouped into three families:
activities blocks which represent guideline activities at the desired abstraction level,
gateways blocks used to manage the convergence and the divergence of control flow;
start and end blocks used to represent start and end points of (sub)processes. Activi-
ties can be complex (see Dimension 1 for details) or afomic. Atomic activities model a
single atomic working step within the GL (i.e. a situation where a guideline partici-
pant should perform something). GOSpeL adopts an ontology-based approach to
represent domain-related knowledge and its ontology is defined by two taxonomies:



80 A. Bottrighi et al.

one called Activities, which models activities at the desired abstraction level and
divides them in administrative and clinical activities; a second taxonomy called Enti-
ties, which is used to describe domain’s entities characterizing the guideline. Example
of Entities mapped as notLivingActor are the healthcare structures, e.g., the general
medicine, radiology and gastroenterology departments, and the different types of
analysis results involved in the guideline. Each atomic activity block is semantically
specified by mapping it onto an ontological activity and a set of participants. Tempo-
ral relations between blocks are expressed using relations, which represent causal
binary connections between blocks and show how the flow navigates through blocks,
imposing a partial ordering among them. Moreover in GOSpeL the temporal con-
strains between blocks can be defined as CLP constraints [24], allowing to express
qualitative and quantitative constraints, as well as duration of actions, delay between
actions, repeated/periodic events; all types of constraints may be imprecise and/or
partially defined.

Dimension 4. Decision models: this dimension deals with the modeling methodolo-
gies for supporting decision making.

GLARE allows to represent two different kinds of decisions: therapeutic and di-
agnostic decisions. These decisions are not automatic, and thus the user-physician
must always make her/his choice between alternative paths, since GLARE only shows
information about whether a path is supported or not. In GLARE the criteria of a
diagnostic decision are defined by a set of triples <diagnosis, parameter, score>
(where a parameter is a triple <data, attribute, value>), plus a threshold to be
compared with the different diagnoses’ scores. Instead, in therapeutic decisions the
decision is based on a pre-defined set of qualitative parameters: effectiveness, cost,
side-effects, compliance, duration. Observe that in kinds of decision it is possible to
express preferences for one or more alternative paths, that are presented in the guide-
line. Moreover, to support decision making, GLARE provides the decision theory
facility (see Section 3 and [25] for more details). Observe that even if GLARE has not
a switch construct, in which a decision is taken in a deterministic way, there are some
types of automatic decision: the decision concerning the execution of an action with
preconditions and of a cyclic action with exit conditions is taken deterministically by
the system.

GOSpeL allows to define decisions using a switch construct called exclusive
choice, in which the criteria are logical guard, where each guard is associated with an
outgoing path and paths, mutually exclusive, are used to represent at design time all
the expected alternative decision derivations. Moreover, GOSpel provides another
kind of decision, called deferred choice, which models the decision autonomously
taken by a participant (e.g. execute or not the PAP-test); this decision is nondetermin-
istic and is not associated to explicit conditions on the alternative paths. Note that in
GOSpeL the user-physician can not specify preferences for alternative paths with
respect to a nondeterministic decision.

Dimension 5. Expression/criterion languages used to specify decision criteria:
this dimension deals with the languages used to represent decision criteria, including
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pre- and post-conditions of GL plan components, and criteria that control plan execu-
tion states.

GLARE allows to express presence criteria (criteria concerning giving explicit
definitions of terms to be checked). As described above, GLARE uses a threshold
policy for what concerns diagnostic decision. Pre-conditions can regard the patient
data (in this case they are defined as diagnostic decision criteria) and/or the presence
of resources. Exit conditions are based on patient data (defined as diagnostic decision
criteria), and the user-physician define whether all or at least n of them should be
satisfied (where n is defined during the acquisition phase) to evaluate whether the exit
condition of a cyclic action is satisfied during the execution. In GLARE the user-
physician can not define temporal criteria concerning the time stamp of patient data
and context-dependent expressions. However during the execution of GL the user-
physician can decide whether a patient datum is reliable or not. Moreover GLARE
does not provide if...then...else and switch statements in its expression language. Ob-
serve that GLARE provides templates to support the criteria definition.

GOSpeL models presence criteria by defining a Boolean data item on the data of
the patient. This item is treated like all other data items and can be used in the deci-
sional criteria. GOSpeL does not directly support pre- and post-conditions. They can
be modelled using exclusive choice to tests conditions and to control the flow accord-
ingly. Moreover, in GOSpeL it is possible to define criteria concerning the time stamp
of patient data and context-dependent expressions. If...then...else statements can be
modeled with exclusive choice as well: one outgoing connection of the exclusive
choice construct is always associated with the else label, chosen if none of the condi-
tions attached to the other connections turns out to be true.

Dimension 6. Data interpretations/abstractions: this dimension deals with the
presence and the characteristic of abstractions, which aid in conceptualizing guideline
logic and interpreting data. [4] identifies four types of abstractions: temporal abstrac-
tions/temporal patterns (trends), definitions of abstract terms, terminology abstrac-
tions via classification hierarchies, and scenarios and patient-state steps (discussed
above in Dimension 1).

GLARE does not support temporal abstractions to abstract conditions that persist
over time, based on raw, time-stamped values; it is possible to define new abstract
terms, but these definitions are not based on formal expressions regarding patient data
and/or other concepts (e.g. the user-physician can define the new isolated systolic
hypertension concept, but s/he can not define its semantics as constrained by systolic
blood pressures of at least 140 mmHg, by diastolic blood pressures less than 90
mmHg, and by the situation in which patients are not taking anti-hypertensive drugs).
In GLARE the medical knowledge stored in a set of databases (see Dimension 3)
follows a taxonomy-based organization via classification hierarchies.

GOSpeL does not support temporal abstractions too. The medical knowledge is
organized in an ontology (see Dimension 3) formed by two taxonomies built using the
Protégé tool [26]. The users can define new abstract terms, which can also be based
on formal expressions regarding patient data and/or other concepts (e.g. the user-
physician can define the new isolated systolic hypertension concept, and can define its
semantics as constrained by systolic blood pressures of at least 140 mmHg, by dia-
stolic blood pressures less than 90 mmHg, and by the situation in which patients are
not taking anti-hypertensive drugs).
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Dimension 7. Representation of a medical concept model and its use: this dimen-
sion deals with how medical concept can be represented in a model and then used.

In GLARE the medical knowledge is stored in a set of databases (see Dimension
3); the system interacts with them providing the user-physician with a “standard”
vocabulary.

GOSpeL adopts an ontology-based approach to represent clinical knowledge; the
user-physician can interact with two taxonomies: Activities and Entities (see the de-
scription in Dimension 3).

Dimension 8. Patient information model: this dimension deals with how the patient
information model is defined. This model concerns also the definition of terminol-
ogies and of the structure of patient data.

In GLARE the patient data model is defined in the Clinical DB (see Dimension 3),
which provides a “standard” terminology, and stores the descriptions and the set of
possible values of clinical data. The patient data are stored in a specific Patient DB.

In GOSpeL a taxonomy is used (see Dimension 3) to describe domain’s entities,
namely actors, objects and terms. Every element is defined and managed through the
Protégé tool [26]. A specific module called Event Mapping can provide the connec-
tion with the patient database of the different healthcare organizations.

3 Analysis of Tools Provided by GLARE and by GPROVE

Obviously, the GL model is an important feature, but it is not the only one which can
be investigated to characterize a GL computer-assisted manager. We believe it is
important to analyze also the GL computer-assisted managers from the point of view
of the tools provided, to support the user-physician at differing stages within the GL
life-cycle. In this section, we show the results of our analysis concerning tools and
facilities provided by GPROVE and by GLARE.

Temporal Reasoning Contextualization Tool

Tool /

GLARE 7 A
KERNEL ( SPIN

/ S=7

Decision-Making Tool Model-Checking Tool

Fig. 3. The GLARE architecture
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Fig. 4. The GPROVE framework

A first important difference between the GLARE and the GPROVE approaches re-
gards their goals. The GPROVE (its architecture is shown in Figure 4), framework
focuses on the compliance verification of the process executions with respect to the
specified models, whereas GLARE (its architecture is shown in Figure 3) mainly
focuses on GLs acquisition and execution. Of course, such a different focus is re-
flected in the different tools that they embed.

Both approaches provide a graphical editor that allows user-physicians to acquire
and model GL easily. GPROVE proposes the GOSpeL Editor. In GOSpeL, a GL is
composed by two parts: a flow chart, which models the process evolution trough a
graphical language, and an ontology, which describes at a fixed level of abstraction
the application domain and gives a semantics to the diagram. The ontology can be
developed by using an ontology editor such as Protégé [26]. In GLARE, the graphical
editor allows to aquire a GL by mean of primitives for drawing the control informa-
tion within the GL and ad hoc windows to acquire the internal properties of the ob-
jects. Furthermore, during GL acquisition GLARE provides a set of facilities to check
consistency and terminological correctness. For what concerns temporal constrains,
GLARE provides a high-level language to easily represent the temporal action as-
pects. It then supports the possibility of checking, during acquisition, the temporal
consistency of the GL, by exploiting a temporal reasoning tool, which operates in
polynomial time on the number of GL actions [23]. In this phase, GLARE also
provides a contextualisation tool to manage the gap between the generality of GL
themselves (as defined, e.g., by specialists’ committees) and the peculiarities of the
specific application contexts. This tool allows to adapt GLs on the basis of the
resources available in a given context (see [29] for details).

For what concerns compliance, the GPROVE framework is able to check the com-
pliance of a given partial or complete history of a specific execution (i.e., the set of
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already happened events recorded in an event log) with the GL via the SOCS-SI tool
[27], based on an abductive proof procedure named SCIFF [20]. GLARE supports the
check of compliance on temporal constrains only. This check is done by a temporal
reasoning tool [23] that evaluates whether the temporal constraints in the GL have
been respected or not by the instances of actions that have been executed on the spe-
cific patient. Obviously the two approaches are quite different; in particular, the
GPROVE approach is more powerful than GLARE in this setting, because it does not
only check if temporal constraints are respected, but is able to reason about actions
and their data, checking if the behaviour expected by the GL model is actually fol-
lowed by the concrete participants in a specific case. Furthermore, compliance verifi-
cation can be seamlessly carried out during the execution, by dynamically acquiring
the occurrence of events, or a-posteriori, analyzing already completed executions. For
example, in [16] GPROVE has been successfully employed to formalize the process
described in the Cervical Cancer Screening Guideline proposed by the sanitary or-
ganization of the Emilia Romagna region of Italy [2] and to check the adherence of
1950 concrete screening executions to such process formalization. The results of such
analysis were useful to revise the former formalization and identify some relevant
characteristics of the screening process.

A variant of the SCIFF proof procedure can be exploited to perform static verifica-
tion, aiming at identifying design errors and inconsistencies in a GL model. The same
verification can be also done in GLARE, which is loosely coupled with the model
checker SPIN [28].

Since actually GPROVE framework does not have an execution engine, it does not
provide tools and facilities for managing the execution. On other hand, GLARE,
which has an execution engine, considers decision making as a crucial issue and pro-
vides different facilities to support it. First of all it incorporates a set of facilities
based on the temporal reasoning tool: the user-physician can perform queries to ob-
tain temporal information concerning a GL specific execution and can use a simula-
tion facility to see the temporal consequences of choosing among different alternative
paths. Moreover via the decision making tool, GLARE provides a decision theory
facility, which allows the user-physician to identify the optimal policy, and to calcu-
late the expected utility along a path by exploiting classical powerful dynamic pro-
gramming algorithms (see [25] for details), and allows also to calculate costs, time
and resources required to complete paths in a GL (see [30] for details).

As illustrated above GLARE and GPROVE have different goals and their tools re-
flected these goals. In particular, the tools embed provided support in different part of
lifecycle GL (as show in Table 1). In particular, only GLARE provides a set of facilities
to user-physician during acquisition phase, and a Decision-making tool to support user-
physician during the execution of a GL on a specific patient. Both GLARE and
GPROVE support property verification: GLARE via a model-checking tool based on
SPIN and GPROVE via SCIFF proof procedure. Instead only GPROVE provides a set
of facilities, which regards the compliance verification of the process executions with
respect to the specified models. In particular GPROVE can check the compliance of a
given partial or complete history of a specific execution with the GL via the SOCS-SI
tool, and provides a monitoring tool, which work on partial GL history. Table 1 pro-
poses a synthesis of the comparison between GLARE and GPROVE facilities and tools.
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Table 1. Synthesis of the comparison between GLARE and GPROVE tools

GLARE GPROVE
Acquisition Graphical editor,

checking consistency and

terminological GOspelL editor

correctness, checking the
temporal consistency,
contextualization tool

Execution Decision-Making Tool -

Monitoring -—- SCIFF proof procedure on
a partial execution

Conformance verifica- -—- SCIFF proof procedure on

tion a complete or partial
execution

Property verification Model checking tool (via | SCIFF proof procedure

SPIN)

4 Conclusions and Future Works

In this work we have compared the GLARE and GPROVE approaches using the method-
ology proposed in [4], and moreover by taking into account also the tools they provide.

In [4] the authors show that, for what concerns GL model, the six approaches ana-
lysed considering eight dimensions have both areas of considerable similarity and
areas where different solutions have been adopted to face the same problem.

Thanks to the analysis presented in Section 2, we observe that GLARE and
GPROVE propose a solution for almost all the eight dimensions and share with the
six approaches analysed in [4] the similar basic features identified as requirements to
define a standard for a GL modelling and management system. GLARE and
GPROVE GL models have many similarities, especially for what regards the control-
flow dimension, even if they slightly differ in the kind of GL knowledge they can
represent: GLARE GL model provides a more easy and intuitive way to define the
procedural knowledge whereas GPROVE GL models is more oriented to express
declarative knowledge and constraints.

On the other hand, our study shows that the provided tools and facilities are quite
complementary and focused on different goals (see discussion in section 3). GLARE
provides a more rich set of tools than GROVE, mainly because the GLARE project
has been started more than ten years ago, while GPROVE has been proposed only
recently. In particular, GLARE provides features to support GL acquisition and to
support user-physicians in the decision making process during the execution of GL on
a specific patient, while GPROVE provides very interesting features for what regards
run-time/a-posteriori compliance verification, thanks to the possibility of automati-
cally mapping GOSpeL models to the SCIFF formal framework.

The similarities between their GL. models pointed out in this work show the feasibil-
ity of integrating the two systems. The idea of common framework is also
supported by result of study regarding the tools provided. As a matter of fact, their tools
are complementary, and thus such new common framework will encompass all the
GLARE facilities and also a powerful compliance verification module. We therefore
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consider this work as a first step towards such integration. The second step has been
presented at AIME’ 09 [31], where we have defined a framework based on the integra-
tion between GLARE and GPROVE in order to use SCIFF formal framework to evalu-
ate the GL conformance. The next step will be to investigate how the mapping from
GOSpeL to SCIFF could be extended and adapted in the context of GLARE.
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