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Using conceptual graphs for clinical guidelines representation

and knowledge visualization

Bernard Kamsu-Foguem - Germaine Tchuenté-Foguem -
Clovis Foguem

Abstract The intrinsic complexity of the medical domain
requires the building of some tools to assist the clinician and
improve the patient’s health care. Clinical practice guidelines
and protocols (CGPs) are documents with the aim of guiding
decisions and criteria in specific areas of healthcare and they
have been represented using several languages, but these are
difficult to understand without a formal background. This
paper uses conceptual graph formalism to represent CGPs.
The originality here is the use of a graph-based approach in
which reasoning is based on graph-theory operations to sup-
port sound logical reasoning in a visual manner. It allows users
to have a maximal understanding and control over each step of
the knowledge reasoning process in the CGPs exploitation.
The application example concentrates on a protocol for the
management of adult patients with hyperosmolar hyperglyce-
mic state in the Intensive Care Unit.
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1 Introduction

Rationalization and optimization efforts, have gained more
and more importance in most scientific sectors in recent
years. The medical domain is no exception to this trend:
medical organizations have been urged to simultaneously
increase productivity and reduce costs without adversely
affecting the quality of patient-care. One step towards
these objectives is the application of commonly accepted
standardized health care procedures. These procedures are
called clinical practice guidelines and protocols. Protocols
are used to improve quality assurance, reduce variation in
clinical practice, guide data collection, better interpret and
manage the patient’s status, activate alerts and reminders
and improve decision support (Latoszek-Berendsen et al.
2010).

Clinical guidelines and protocols should ease the infor-
mation and knowledge modelling for complex diagnosis
and treatment steps. However, these CGPs are usually writ-
ten in free text, tables or flow chart. A formal representation
of CGPs (with an underlying mathematically-precise nota-
tion which defines its semantics and provides reasoning
mechanisms) is needed to allow one to reason from its
representations. The formal representation should be trans-
latable into sentences of a given logic, and reasoning in that
underlying notation should correspond to deduction in this
logic. Furthermore, the semantic distance between the mod-
el in the physician’s mind and the CGP specification should
be minimised in intensive care units (ICUs) (Argiiello
Casteleiro and Des Diz 2008). For that, it is useful to obtain
a clear and well-defined semantics of CGPs specification
expressed in a language understandable by human beings,
so that it can be checked by domain experts. It should be



easy for an expert of the application domain not only to
enter different pieces of knowledge and to understand their
meaning but also to understand the reasoning mechanisms
and their results.

Intensive care medicine or critical care medicine is a
branch of medicine concerned with the provision of life
support or organ support systems in patients who are criti-
cally ill and who usually require intensive monitoring
(Marino et al. 2006). Patients need admission to intensive
care mostly if they are unable to safely maintain their own
airway; have respiratory failure that does not respond to
medical therapy (oxygen, bronchodilators, analgesia, anti-
biotics and urgent physiotherapy,...); or have a qualitative
state of shock such as cardiovascular failure or vast burns, or
a distributive state of shock such as the septic shock, where-
as hypotension and a poor urine output or high rate of lactate
do not respond to fluid challenges, or comatose (conscious-
ness) patients (Takrouri 2004). On the other hand, it is
necessary to provide rigorous specifications of CGPs in-
volved in ICUs and to increase their effectiveness, allowing
a possible support of the decision making-process in clinical
work (De Clercq et al. 2004). Methodologies supporting
such support must be adapted to the needs and steps of the
users, while answering software quality standards have long
been recognized (Gardner 2004; Ward 2004).

In this paper, we discuss how using conceptual graphs for
clinical guidelines and protocols representation can be applied
profitably to tackle the problems of formal representation of
CGP’s with visual reasoning mechanisms and interoperability
in intensive care units. As an application example, this paper
concentrates on a formal modelling for the management of
adult patients with hyperosmolar hyperglycemic state. For this
reason, our work includes the following elements:

—  The identification of cognitive assumptions used for the
representation of knowledge needed in the clinical
guideline comprehension. These assumptions play a
significant role in the modelling of the guidelines. We
describe the different types of knowledge that are in-
volved in defining quality requirements of medical
guidelines. Such knowledge will facilitate the under-
standing and usage of clinical guidelines.

— The implementation of conceptual graph (CG) repre-
sentations and/or reasoning to represent medical knowl-
edge, in particular, clinical guidelines and protocols
(CGPs). In this context, we take a graph-based approach
(Baget and Mugnier 2002) which is logically founded
but autonomous from logics, relying on graphs and
graph-theoretic operations. It enables graphical illustra-
tion of reasoning for the end-user.

This approach attempts to establish some graphical
and rigorous means of reading the CGP specification or
reviewing the results of an analysis that should not

require training in advanced mathematics and therein
confidence in order to achieve a real improvement in
medical supervision and treatment. Using conceptual
graphs might be helpful, since they have a powerful
structuring mechanism, express meaning in a form that
is logically precise, humanly readable and have a set of
reasoning mechanisms (Sowa 2000). Furthermore, the
conceptual graphs language is being used in a number
of medical information domains such as radiology
reports representation and query (Bell et al. 1994), cor-
onary diseases and coronarograhy discharge summaries
(Delamarre et al. 1995), vocabularies representation
(Volot et al. 1998), natural language understanding and
processing (Zweigenbaum 1994), information retrieval
(Chu and Cesnik 2001), medical progress notes and
clinical findings representation (Campbell et al. 1994)
and classification systems (Bernauer and Schoop 1998;
Henry and Mead 1997). For reasoning services, it is
often emphasized the usual linear and symbolic nota-
tions of first order predicate logic that can be difficult
to handle and comprehend. An alternative to the sym-
bolic notation is the development of a diagrammatic
reasoning service that allows sentences that are equiva-
lent to first order logic to be written in a visual or
structural form (Dau and Eklund 2008). The innovation
here is the use of conceptual graphs for clinical guide-
lines and protocols representation with a graph-based
approach in which reasoning is based on graph-
theoretic operations (Chein and Mugnier 2008), instead
of relying on logical formulas like in developed previ-
ous infrastructures. Such an approach enables the lan-
guage user to visually encompass all elementary logical
transformation in understandable reasoning steps and in
this way ensuring intuitive expert simulation at an early
modelling stage.

The remainder of the paper is organized as follows:
section 2 presents a literature about languages and mod-
elling for CGPs representation. Section 3 gives the
principles of the proposed approach for medical guide-
lines formalization. Section 4 presents the conceptual
graphs formalism used throughout our work and shows
the modelling/representation of CGPs using conceptual
graphs, where a knowledge engineer and a medical
domain expert are involved in the transformation pro-
cess of a text CGPs into formal knowledge (conceptual
graphs). Section 5 states how to apply the formalisation
approach in the context of protocol for the management
of adult patients with hyperosmolar hyperglycemic state
and it gives requirements specification to describe
some types of knowledge that are useful for an effective
CGPs understanding and application. Section 6 presents
discussion and concluding remarks about the proposed
formal approach for medical guidelines representation.



2 State of the art
2.1 Languages and modelling for CGPs representation

There are multiple well known frameworks for guideline-
based care representation, many of which address in detail,
much of the aspects mentioned here. A number of methods
to support the computerization of guidelines have been or are
being developed by the health informatics community. Such
methods employ different representation formalisms and com-
putational techniques, for example: Rule-based (Arden Syntax
(Hripcsak et al. 1994)), Logic-based (PROforma (Sutton et al.
2006)), Network-based (EON (Musen et al. 1996), PRODIGY
(Purves 1998)), Workflow or Petri Nets (GUIDE (Quaglini et
al. 2000), GLIF (Boxwala et al. 2004)), Hybrid approach
(markup and formal with DeGeL (Shahar et al. 2004)). Dif-
ferent guideline-modeling formalisms exist not because they
cannot be put into the same syntax (e.g., researchers created
GLIF, EON, HELEN, SAGE (Tu et al. 2007) and PRODIGY,
all of them guideline-modeling formalisms, in Protege-frame
(Abu-Hanna et al. 2005)), but because they model different
kinds of knowledge and use different algorithms (eg. solving
temporal constraints in Asbru).

Some of these have well-defined syntax and semantics
for the representation of CGPs (such as the GUIDE repre-
sentation (Quaglini et al. 2000), DeGel project (Shahar et al.
2004), Asgaard/Asbru project (Shahar et al. 1998), EON
project (Musen et al. 1996), PROforma project (Sutton et
al. 2006), GLARE project (Terenziani et al. 2004), and the
ProtoCure project (Ten Teije et al. 2006)). For instance,
Asbru, EON and PROforma represent clinical goals formal-
ly and use task networks with various control mechanisms.

A few of the CGPs representation languages focus on ex-
pressive temporal representations and even validation and ver-
ification procedures. For example, the Asgaard and ProtoCure
projects or the GLARE project which in fact include formal
verification of several important properties. Within the Asgaard
project, a temporal, intention-based, and sharable language
called Asbru has been developed, which incorporates some
task-specific knowledge for protocol acquisition and verifica-
tion (Duftschmid et al. 2002). However, structural operational
semantics rules of Asbru are difficult to understand for
people without a formal background, and an Asbru
representation of a CGP is usually transformed into a
more formal representation (namely KIV (Balser et al.
2000)) and then verified. The RESUME system (Shahar
1997) is as an example of using a vocabulary, and the
vocabulary constructed there is focused on representation
of properties of temporal entities in medical domains.
Similarly, the GLARE project uses formal verifiable tem-
poral reasoning and planning properties, and the ProtoCure
project constructs formal proofs of certain types of validity
and verification in Asbru guidelines.

Table 1 shows that most of guidelines representation lan-
guages are not formal enough for the purpose of our research
as they often incorporate free-text elements which do not have
a clear semantics. Only Asbru, EON, PROforma, and GUIDE
represent goals formally and allow reasoning about them.
Similarly, only Asbru and PROforma represent effects of
plans and reason with them (Peleg et al. 2003). Finally, the
guidelines representation languages which are completely
formal are PROforma and Asbru. We argue that a completely
formal language is needed for a well-defined specification of
guideline-based decision-support services in order to facilitate
sharing of tools that implement computable clinical guide-
lines. The reality of biomedical informatics research is that
any effort will solve only part of the problem and must rely on
others for other needed components. It is more important to
develop methods for interoperability and interfaces than pro-
posing to translate everything to a single formalism. Semantic
incompatibility is considered as an important barrier to inter-
operability. The ‘semantic annotation’ (the act of attaching
metadata information on the semantic content of a document)
is a method to move this semantic barrier for sharing and
exchanging information between two or more systems
(Naudet et al. 2010). Some researchers have adopted Concep-
tual Graphs directly as formalism for representing annotations
in different contexts (Dieng-Kuntz and Corby 2005), such as
for the representation of disease processes, treatment proce-
dures and healthcare procedures with schemata or prototypes.

2.2 Conceptual graphs (CGs) implementations in medicine

The use of Conceptual Graphs has been described in the
context of medical and biomedical knowledge engineering
instances. A previous work on conceptual graphs (CGs) im-
plementation in medicine has been made by Keith Campbell et
al (Campbell et al. 1994), in a similar way. They have devel-
oped a structured vocabulary to represent medical concepts for
patient records based on SNOMED III (a terminology used by
the American College of Pathologists) and conceptual graphs.
Another effort of developing a vocabulary for biomedicine is
the Unified Medical Language System (UMLS) (Campbell et
al. 1998) that comprises a meta-thesaurus for bridging the gap
between different terminologies (including SNOMED) and
describing medical concepts with a unique identifier. Never-
theless, it does not intrinsically have a well-structured set of
relationships between concepts which would be desired for
the study of similarity effects and its complexity can pose
comprehension problems for potential users (Slaughter et al.
2006). If the formal representation of clinical guidelines and
protocols is couched in a notation which includes primitive
concepts to solve semantic barriers, then the representation is
written in such a way that the connection to different problems
solving methods is possible.



Table 1 Characteristic of principal guidelines modelling languages

Guideline Models

Basic elements

Modelling Methods

Formal aspects

Asbru

GUIDE
DeGeL

EON

PROforma

GLARE

composite action: plan
PRODIGY

Arden

GLIF

Logic statements skeletal
plans control structures
and temporal annotations

Decision trees and influence diagrams
Logic statements

decision-making mechanisms,
control flow constructs, actions,
activities, and temporal abstractions

Action, decision, enquiry, plan

Atomic actions: query, work,
decision, conclusion,
temporal and structured formalism

Scenarios, action step,
decision point

Medical Logic Modules (MLMs),
Time functions

Action, decision, clinical stage,
control flow constructs

task-specific, time-oriented
and intention-based plan

Workflow (Petri nets for simulation)
Hybrid approach (markup and formal)

Network-based

Logic-based (combines logic
programming and object-
oriented modelling)

semi- formal
Network-based

Procedural and Rule-based
Workflow (based on the Arden

Syntax with an object-oriented
expression language)

formal, means to reuse existing
domain-specific procedural

knowledge
semi- formal

computerized, retrieval
and enactment of
Asbru-based clinical
guidelines.

semi- formal

formally grounded
in the R2L Language

semi- formal
semi-formal

semi- formal

In fact, modern terminologies (e.g., SNOMED CT and NCI
Thesaurus) are being formalized using Description Logics
(DLs). Since DLs and CGs are both rooted in semantic net-
works and logically founded, the question of their relation-
ships has often been asked. We attempt, in particular, to
provide readers with a clear understanding of those features
that are common and those that are specific to each formalism:
cycles, n-ary relations, and type-hierarchy for CGs; the style
of symbolic, variable-free formulas, variety of constructors
with different levels of expressiveness for DLs. On the one
hand the most expressive DLs cannot express the whole First-
Order Logic (A, 3) fragment (Borgida 1996) and there is no
correspondence to the type-hierarchy of CGs in DL. On the
other hand, employing negation in CGs, by means of intro-
ducing a special context, yields problems. In order to over-
come these difficulties, Mugnier and Leclére have defined
three projection-based ways of handling negation (closed-
world negation, open-world assumption (classical negation
and intuitionistic negation)) (Mugnier and Leclére 2007).
Nevertheless, some works have pointed out the equivalence
of a fragment of CGs (connected graphs with a tree-like
structure, binary relations only, with one distinguished con-
cept node as in a unary lambda-abstractions) with a subset of
DLs (provided with intersections, inverse roles, a restricted
version of conjunction, and existential restriction) (Baader et
al. 1999). Finally, the syntactical possibilities of the graphs,
including identity, graphs that contain circles, graphs that are

not connected, etc., allow graphs to be constructed that do not
have counterparts in DL (Dau and Eklund 2008).

The work is done to examine whether clinicians-as-users can
represent guidelines better using conceptual graphs and the
proposal of conceptual graphs for formal representation of
CGPs is motivated by communication, usability and formal
reasoning requirements viewpoints. This paper further
describes how the suggested approach is appropriate to support
formal analysis and to represent graphically knowledge, logic
and concepts used in CGPs. The work is done with the intention
to render CGPs more user-friendly using conceptual graphs that
can improve the readability of the reasoning services in its
diagrammatic form. Clinicians-as-users would receive recom-
mendations based on guideline knowledge that is represented
formally by teams of medical experts and knowledge engineers.

3 Principles of the proposed approach for medical
guidelines formalization

The paper deals with a methodology to make it easier for
physicians to use machine-readable representations of guide-
lines and proposes the use of conceptual graphs to facilitate
formal CGPs representation. In the proposed methodology,
part of the project develops a combined knowledge and graph-
theoretic operations for intensive care units (ICUs). The pro-
posed approach for medical guidelines formalization intends



to allow the medical domain expert editor of CGPs (1) to
specify the conceptual vocabulary of the domain by using
concepts and relationships between these concepts, (2) to
specify the axioms and properties of the domain in a graphical
way and (3) to make these axioms easily operational in order
to perform reasoning with conceptual graph formalism in the
context of intensive care units.

In fact, conceptual graphs operations provide formal reason-
ing tools that allow ensuring reliability and enhance the quality
of medical knowledge-based systems, which are critical factors
for their successful use in real-world applications. For instance,
these reasoning tools help the user to determine whether a
knowledge-based system does or does not satisfy its purely
formal specifications. The rest of the paper is mainly focused
on the issue of the modelling/representation of the guideline.
This is made possible by integrating the knowledge offered by
medical community and the research from the fields of com-
puter science and artificial Intelligence.

The whole motivation is to provide a formal framework used
by the knowledge engineer creating the formal knowledge
(conceptual graphs), the expert of the application domain, and
the end-user asking the Artificial Intelligence to look for spe-
cific CGPs.

The activities through which the assessment of this ap-
proach has been carried out are the following (see Fig. 1):

* Requirements specification: requirements specification
is basically an organization’s understanding (in writing) of
medical domain requirements and dependencies supply-
ing interesting properties upon which to make a reason-
able estimate of key notions of domain knowledge
(Kamsu-Foguem and Chapurlat 2006). Specifications
can provide us with a good basis upon which we can both
define medical assumptions and help us to identify rea-
soning strategies in medical decision making. Identifica-
tion of cognitive assumptions used for the representation
ofknowledge needed in clinical tasks may prove critical to
the clinical guideline comprehension (Patel et al. 1994).
Cognitive methods can capture the essential features of the
medical processes underlying clinical reasoning and they
are involved in defining some cognitive assumptions un-
derlying clinical explanation tasks (Patel et al. 2001).
These assumptions play a significant role in the modelling
of the guidelines, since there is a correspondence between
the concepts and categories that clinicians generate and
use during clinical problem solving and the way the do-
main of medicine is organized (Arocha et al. 2005). For
instance, one assumption specifies that although the input
information may be fixed (e.g. people read the same
patient report, physicians may observe the same patient),
the processing (e.g. reasoning strategies and inferences)
and the output (e.g. final diagnosis or pathophysiological
explanation) may vary. Another assumption states that the

solution strategies and the types of inferences used during
clinical problem solving are a function of domain-specific
prior knowledge that a person possesses.

*  Modelling and reasoning using conceptual graphs:
conceptual graphs are used to express and process med-
ical knowledge of a text CGPs. The domain vocabulary
of the target medical domain (in intensive care units) is
formalized. This vocabulary layer supports the evolution
of vocabularies as it can define relations between the
different concepts and expresses a community’s consen-
sus knowledge about a domain. Graph operations facil-
itate how to use the reasoning mechanisms in order to
achieve medical knowledge analysis with the guidelines.
The objective of the medical domain expert is to provide
useful clinical knowledge and cognitive assumptions
helping the knowledge engineer to understand medicine
sufficiently to model the text CGPs. The objective of the
knowledge engineer is to provide the medical domain
expert with the capability to understand a collection of
conceptual graphs representing the guidelines.

* Implementation in the CoGUI framework: the pro-
posed methodology is implemented in the Conceptual
Graphs Graphical User Interface (CoGUI). CoGUI
(GraphlK 2012) is a user friendly tool for building con-
ceptual graph knowledge bases with a semantic query
mechanism as well as inference and verification services
(provided by the projection operation, inference rules and
constraints). The computational implementation of con-
ceptual graphs in a Graphical User Interface, is done by
the knowledge engineer who manages the vocabularies
description and makes some formal reasoning. It is carried
out in a close collaboration with medical domain experts
who provide support for a consistent understanding of the
domain, terminology, and recommendations of the guide-
line. Finally, the results of this transformation process is
visualized and evaluated by a pluridisciplinary committee
(including the knowledge engineer and the medical
domain expert), in order to make some improvements.

4 Modelling and reasoning using conceptual graphs

This section is about modelling guidelines and background
knowledge (section 4.2) and not about metaknowledge, and
also not about how those types of knowledge will be com-
bined. Now we will present some types of knowledge from
medical guidelines that we want to represent, and later
discuss them and why conceptual graphs fit so well. The
domain vocabulary is formalized with hierarchically orga-
nized description concepts and relations relevant to the
declarative background and guideline knowledge. For in-
stance, procedural knowledge like ordering of actions,
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positives/negatives constraints and probabilities are de-
scribed since knowledge in guidelines is time oriented, yet
not very precise.

The conceptual graphs formalism has constructs for
expressing nesting, loops, activities, branching, and syn-
chronization and can express temporal constraints. It also
provides operational mechanisms allowing one to reason
from its representations by a formal way. For example, its
well-defined formal foundations could support formal rea-
soning of a guideline model’s properties. That is very im-
portant since actors are interested in the intensive care
context, to model and analyse clinical data for decision
making such as determining a diagnosis or monitoring the
evolution of a patient (Boaz and Shahar 2005).

4.1 Conceptual graphs: a graphical knowledge
representation language

The appropriate processing of medical knowledge requires
the use of a knowledge representation language having a
well-defined syntax and a formal semantics. We choose the
conceptual graph formalism (Sowa 1984) which can be
considered as a compromise representation between a for-
mal language and a graphical language because it is visual
and has a range of reasoning processes. Conceptual graph
formalism (CG) is a potent support to the ontological back-
ground of any domain (Sowa and Zachman 1992) and for
modeling temporal knowledge (Moulin 1997); Conceptual
graphs support the modelling of probabilistic or uncertain
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knowledge: an important feature of a conceptual graph
system for probabilistic reasoning is that its active relations
(computer codes with pragmatic intent) can glean probabil-
ities from the outside world, either from tables, previously
performed correlations or by data mining of relevant infor-
mation from databases (Delugach and Rochowiak 2008).
Besides, Thomopoulos et al. (2003) have introduced an
extension of the conceptual graph model suitable for the
representation of data which are modelled using fuzzy sets.
This extension introduces a new way of comparing concep-
tual graphs, using a more flexible comparison of fuzzy
conceptual graphs, which allows us to exploit the semantic
similarity of knowledge (Buche et al. 2006).

Definition: A simple conceptual graph is a finite,
connected, directed, bipartite graph consisting of concept
nodes (denoted as boxes), which are connected to concep-
tual relation nodes (denoted as circles). In the alternative
linear notation, concept nodes are written within []-brackets
while conceptual relation nodes are denoted within ()-brack-
ets. The concepts set and the relations set are disjoint.

A concept is composed of a type and a marker [<type>:
<marker>], for example [Resource: stethoscope2]. The type
of concept represents the occurrence of object class. They
are grouped in a hierarchical structure called a concept
lattice showing their inheritance relationships. The marker
specifies the meaning of a concept by specifying an occur-
rence of the type of concept. They can be of various natures;
individual, generic (symbol “*” within the marker), quanti-
fiers, or sets (the latter by using {}-brackets within the



marker). The term “{*}” denotes a set of zero or more
elements, additional cardinality constraints can be
expressed, for example, by “{*}@5” (set of 5 elements)
or “{*}@>4" (set of more than 4 elements). It is also
possible to pair the number with a unit of measure, for
example the term “@96 h” means ninety-six hours. Generally,
a concept lattice is not only a tree-structure but a
structure in which a same concept may have different
parents modelling the pluri-axial property of some terminolo-
gies (e.g. SNOMED (Campbell et al. 1994)). It can also
contain statements to express that concepts are disjoint or
can define necessary and sufficient axioms and necessary
implications.

A conceptual relation binds two or more concepts
according to the following diagram:

[Ci] « (relation’s name) < [C,] (meaning that “C1 is
related to C2 by this specific relation”).

In the analysis of clinical reasoning, the most common
relations are dependency relations, specifically, causal, con-
ditional, temporal, and Boolean connectives, such as
alternating-OR and exclusive-OR relations (Either rela-
tions). Mugnier and Leclére (2007) have distinguished two
semantics for negative relations or concepts in CGs, with
respect to two logics: classical logic (with closed-world or
open-world assumptions) and intuitionistic logic (the law of
excluded middle does not hold). Although studying the
logical means of handling different kinds of negation is
beyond the scope of this paper which restricts itself to the
technical feasibility of the candidate diagrammatic reason-
ing frameworks to CGPs, the definitions of properties of
relationships (such as transitive, symmetric, etc.) are often
included. It allows the modellers to choose from a prede-
fined set of relations. In particular, temporal relationships
are essential in our domain (i.e. ICUs) to model the temporal
evolution of a patient and the temporal relationships be-
tween the different events of a patient’s clinical history
(Shahar 2000). In medical domains, actions and effects are
not necessarily instantaneous, but actions are considered to
have temporal extensions, that is, actions can be expected to
be performed in a time interval or a period of time. This
characteristic may be covered by measuring temporality in a
fuzzy manner (Steimann and Adlassnig 1998).

Each relation has a signature, which fixes its arity and
gives the maximum types of available concepts, to which a
relation of the type can relate. The sub-relation definition is
sometimes necessary to provide more details in the semantic
representation, and this establishes a relation lattice. In our
case, these concepts and relations provide the medical do-
main vocabulary and the related common sense to produce a
suitable human-machine interaction pattern, which helps a
lot in soliciting as much patient information as possible from
the user. Anyway, the concepts and relations lattice are
essential and basic components of the conceptual graphs

formalism and they drive the whole other mechanisms,
notably subsumption and projection.

Formal semantics: Conceptual graphs are provided with
a semantics in first-order-logic, defined by a mathematical
mapping classically denoted by ® (Sowa 1984). This shows
how the symbols of conceptual graphs theory map into
corresponding quantities in logic theory, transforming the
axioms of its domain into axioms or theorems of first-order-
logic. Concept types are translated into unary predicates and
relations into predicates of the same arity. Individual
markers become constants. To a vocabulary V is assigned
a set of formulas ®(V) which translates the partial orders on
concept types and relations: if t and t” are concept types,
with t” < t, one has the formula Vx(# (x) — ¢ (x)); similarly,
if r and 1’ are n-ary relations, with r’ < r, one has the
formula Vx; ... Xn(r'(X1 ... Xn) — 1(X1 ... Xp).

An example of conceptual graph G is:

G: [Physician: *] — (Agent) — [Medical Plan :
{*}@ >0] — (Trigger) — [Medical Event:{*}]

This describes a case where a Physician (e.g, a cardiolo-
gist) is performing (e.g., concluded, ordered, or prescribed)
a number of medical plans because of a number of medical
events. The logical interpretation of a simple conceptual G
is defined as follows: we associate a logical variable x for
the concept node Physician, a set A of more than 1 element
for the concept node Medical Plan and a set B for the
concept node Medical Event.

®(G): dx, A, B, (Physician (x) A Medical Plan (4) A
Medical Event (B) A Agent (x, A) A Trigger (4, B)) A
cardinality (4) >/ A cardinality (B)>0

4.2 Formal description of the domain vocabulary with CGs

The domain vocabulary is critical to unambiguous represen-
tations of guidelines and to the sharing of guidelines in
diverse clinical information system environments. There-
fore, a given domain vocabulary must be modelled in a
formal form in order to ensure an effective exploitation of
the knowledge sources available. Thus, the use of a vocab-
ulary in a knowledge-based system requires its transcription
into an operational knowledge representation formalism.
Existing medical terminologies provide the atomic units of
meaning that we use to describe vocabulary representations.
However, concepts used in clinical guidelines often do not
precisely match the term hierarchies in standard medical
terminologies. Formalising vocabulary with conceptual
graphs can help in tackling this problem. It is possible to
make use of two strategies to define guideline concepts from
standard terminologies: (i) to use the reference terminol-
ogy’s own compositional method for defining new concepts
or (ii) to define a term as Boolean combinations of other
terms.



Medical vocabularies have been used for representing
knowledge in clinical domains, although they have been
used for different purposes. In this section, some examples
are mentioned. An application terminology for the paediat-
ric domain is proposed in (Shahar et al. 1998), and another
for therapy decision tasks is described in (Manjarrés Riesco
et al. 2000). An application terminology was also used in the
NéoGanesh system (Dojat et al. 1997) and in the Déja Vu
system (Dojat et al. 1998) to model the world into two types
of entities: (1) atemporal entities, used to model the ob-
served system, and (2) temporal entities, used for modelling
the evolution. RESUME (Shahar and Musen 1996) is an-
other system that uses temporal terminology in medical
domains.

Here, we choose the conceptual graph formalism (Sowa
1984), which provides ontological definitions and primitives
to define a formal vocabulary (i.e. with a precise semantic). This
vocabulary layer supports the evolution of vocabularies asit can
define relations between the different concepts and expresses a
community’s consensus knowledge about a domain. The con-
cepts and relations used in the domain vocabulary must be
declared in this formal vocabulary where the terms may have
associated constraints (e.g. signatures for the relation types) and
type definitions (e.g. definitions of necessary and/or sufficient
conditions) and thus may be linked to other terms by different
relations (e.g. given or calculated sub-assumption relations).
Figure 2 presents the definition of the relation type called
“Adverse Effect”: the concepts “Effect” and “Therapeutic -
Plan” are linked by the relation “Adverse Effect” if and only if
it is a harmful and undesired effect resulting from a therapeutic
plan (medication or other intervention such as surgery). The
description of the relation type “Adverse Effect” is logically
interpreted by the following formula:
3z, t(Effect(x) A Harmful(z) A Undesired(t)

A Therapeutic_Plan(y) A Object(x,z) N Object(x, z)
A Agent(x,y))

These primitives of CGs make the properties between
concept types and relations types explicit. Type defini-
tions enable the representation of tacit knowledge and
they can be used to represent the axioms and theorems
of a considered domain (Fiirst et al. 2003). In concrete
terms, ontological knowledge of the attributes of

Fig. 2 Definition of the
relation type “Adverse Effect”

definition
Adverse Effect (x,y) <

medical concepts and the relationships among medical
concepts that go beyond the representation of basic data
fields and concepts hierarchy (where the higher levels
subsume or provide a context for interpretation of the
lower), are modelled by these means (Wang et al.
2002). With such knowledge we can perform rigorous
syntactic checks that consist of checking if a conceptual
graph’s base is a “well-formed” knowledge base, respec-
tively, to the syntactic rules of the conceptual graph
model (e.g. whether an expression refers to the type
definition of a concept). Conceptual graphs completely
allow deploying the vocabulary of its host domain, i.e.
the target application or system. With such formalism,
the user always operates the vocabulary that he/she is
familiar with.

The process of building the semantical mapping between
the vocabulary of the guideline and the background knowl-
edge is outside the scope of this paper. Meanwhile, it is
useful to align a domain vocabulary with reference termi-
nologies. The vocabulary description introduced here
includes some concepts (disease, diagnostic and therapeutic
plan, physiological states, finding (symptom or laboratory
test), etc.) from UMLS meta-thesaurus. In addition, a previ-
ous work on guideline representation models has extracted
common concepts from eleven different models (Wang et al.
2002). The plan (or action), decision and state are important
concepts closely related to each other. A plan is a clinical or
administrative task that is recommended to perform, main-
tain, or avoid during the process of guideline application. A
decision is a selection from a set of alternatives based on
predefined criteria in a guideline. A state could be either the
clinical status of a patient, or an execution state that
describes the situation of a guideline implementation sys-
tem. The alarms triggers that warn about the state of a
specific patient are registered as events of that patient and
they will take part in the patient’s evolution. Thus, the
resulting vocabulary includes high level concepts, such as
drugs and findings about a patient, and attributes, such as
units of a measurement and dosage for a drug, that medical
concept and medical data may have. Consequently, it pro-
vides a coherent base in the form of a formal conceptual
vocabulary, on which descriptions can be built and specifi-
cations formalized with the building blocks for formulating
clinical algorithms. Indeed, a formal vocabulary should

(o> |
Therapeutic_Plan: *y

Undesired *




help, through inferences, to improve information search on
the documents shared or accessible by the health care net-
work actors (Dieng-Kuntz et al. 2006).

Moreover, the existence of domain vocabularies, which
are the declarative conceptualizations of terminology and
knowledge in the domain, requires that we should be able to
distinguish knowledge from reasoning process which will
use that knowledge (Sowa 2000). The implication of this
modelling view of knowledge representation is the impera-
tive need for reasoning tools to reason forms with respect to
user needs and application requirements.

In the next section, we develop a modelling and analysis
approach that provides a rigorous framework for formaliza-
tion of guideline and background knowledge which can be
used to provide a better explanation for the reasoning
services.

4.3 Conceptual graph operations

Conceptual graph operations provide operational mechanisms,
such as inference mechanisms allowing manipulations to which
the knowledge-based system is dedicated. For instance, to
perform automatic reasoning, the conceptual graph operations
allow the representation of derivation rules and the effective
application of these rules on to a set of facts with constraints.
This is useful for specifying and sharing decision and eligibility
criteria, patient state definitions, conditions, and system actions.

The fundamental operation for doing these reasoning
mechanisms is the projection, which leads to a calculation
in the specialization between two graphs. Indeed, the pro-
jection search of a graph G (request graph) in a graph H
(context graph), can be seen as the inclusion search of the
knowledge represented by G in H. Intuitively, the existence
of a projection from a G to H means that the knowledge
represented by G is contained in (or implied by) the knowl-
edge represented by H; and the projection operation is a
global view of a specialization operation sequence (the
elementary specialization operations (disjoint sum, join, re-
strict, relation simplify and copy) are graphically and logi-
cally defined in (Mugnier 1995)). The reasoning processes
are logically founded, since projection is sound and com-
plete with respect to deduction in first order logic (Chein
and Mugnier 1992). Another essential point is that the
reasoning processes operate directly on the defined pieces
of knowledge and they can be visually explained to the end-
user (Achour et al. 2001). Within our work, the projection
operation is used to search the existence or absence of
certain states/plans in a CGPs representation. Conceptual
graph projection can be extended with an implementation
of a depth-attenuated distance (between types in the vocab-
ulary) or graph transformations allowing approximate
search (Corby et al. 2006; Genest and Chein 2005).

There exist two other kinds of graph operations (rules
and constraints) which use the projection in order to vali-
date or transform a graph into another one. Graph operations
like these are useful for a better understanding or improved
reasoning about Medical Context and may have been estab-
lished through the actual collaboration between medical
domain experts and knowledge engineers.

4.3.1 Rules and derivation

The conceptual graph rules allow the addition of new knowl-
edge. The graph rule is composed of a hypothesis and a
conclusion, and is used in the classical way; given a simple
graph, if the hypothesis of the rule projects to the graph, then the
information contained in the conclusion is added to the graph.

Logical semantics: it has been shown previously that
conceptual graph rules can be described by means of first-
order logic augmented with the temporal operators (Baget and
Mugnier 2002). A conceptual rule R (G; = G>) is a pair of A-
abstractions (Ax;, ... ,x, GLkx;, ... ,.x, G>), where Xy, ... X,
called connection points, enable one to link concept vertices of
same label of G; and G,. The logical interpretation of a con-
ceptual rule R (G; = G>) is defined as follows: ® (R) = Vx; ...
Vx, ® (A ... x,G)) = @ (AX; ... x,G>). The semantics P
(provided in (Sowa 1984)) maps each Simple Conceptual
Graph G into a first order logic formula @ (G). When a rule is
applied in forward chaining to a conceptual graph, the infor-
mation of the rule is added to the conceptual graph.

Medical rules such as IF [Diagnosis: Infection] THEN
[Order] — (Object) — [Therapy Plan : X] certainly has a
dynamic interpretation : if at time interval [t; t,] a diagnosis
of a state (e.g a qualitative state of rising fever, or rising titer
of antibodies, etc.) of infection is reached, then the therapy
plan X for diagnostics of infection should be started after t,.
In (Miiller 1997), some specific heuristics are defined with
rules expressing knowledge which is valid only after a
longer time period reflecting very individual experiences
with patients. At the same time, graph rules are useful to
express explicitly some temporal properties which include
concurrent, cyclical and sequential actions (e.g. one per-
forms history and physical examinations before ordering
certain tests).

Due to the correspondence between conceptual graphs
and RDFS (Resource Description Framework Schema) lan-
guage (Yao and Etzkorn 2006), conceptual graph rules can
also be represented in SWRL (Semantic Web Rule Lan-
guage (Horrocks et al. 2005)) rules and vice versa, without
loss of semantic meaning. Rules expressed in formalisms
like RuleML (Rule Markup Language (Park and Lee
2007)) or SWRL additionally allow one to specify actions
to take, knowledge to derive, or constraints to enforce. This
approach suffers from a series of drawbacks due to the
expressiveness and visual capabilities of SWRL since, as a



representation language (built on OWL (Web Ontology
Language) constructs (Argiiello Casteleiro and Des Diz
2008)), it was not intended to be visually displayed as
such.

4.3.2 Positive and negative constraints

A constraint defines conditions for a simple graph to be
valid. It is composed of a conditional part and a man-
datory part. Roughly speaking, a graph satisfies a con-
straint if for every projection of its conditional part, its
mandatory part also projects on the graph (Baget and
Mugnier 2002). We consider positive and negative con-
straints. A positive constraint expresses a property such
as “if information A is present, then information B must
also be present”. For example, a CG constraint can state
that “if a person p suffers from an allergy to a molecule
m contained in a drug d, then a different drug must be
prescribed to this patient” (Magee and Bhatt 2001). A
negative constraint expresses a property such as “if
information A is present, then information B must be
absent”. An example of negative constraint is “a patient
must not receive two incompatible treatments”. Another
example is “if there is a therapy failure context where a
situation in which the disease is not regressive (not
amelioration in the state of a patient), this treatment
or the current diagnosis must be reviewed .

As medical management is a time-oriented process,
diagnostic and treatment actions described in guidelines
are performed in a temporal setting. Thus, it is impor-
tant to represent the formal requirements related to
temporal situations (describing states, processes, events,
etc.) associated with time intervals. The temporal path
for a given situation is composed of a succession of
time intervals and temporal relations characterizing the
temporal structures (users’ perspectives and temporal
localizations) in which the situation is contextualized.
Time constraints are also represented, e.g., the delay
between the injection of insulin and its effect, and the
duration of its effect. Such constraints support reminder
messages, since they can be used in order to permit the
detection of semantic inconsistencies and incompleteness
in the knowledge base according to the guideline goal
and the patient specific clinical condition. These prob-
lems may be modelled and solved within a constraint
satisfaction framework, by the use of filtering techni-
ques (e.g. forward-checking and maintaining arc-
consistency) that exploits the global structure of the
graph (i.e. it prunes branches that do not contain sol-
utions) in order to achieve a stronger partial consistency
at a lower cost by updating only the influential match-
ings incrementally (Solnon 2010).

5 Applying the formalisation approach: protocol for the
management of adult patients with hyperosmolar
hyperglycemic state

The application example of the proposed approach is a
protocol for the management of adult patients with hyper-
osmolar hyperglycemic state (Stoner 2005). This protocol is
for patients admitted with mental status change or severe
dehydration who require admission to an intensive care unit.
Hyperosmolar hyperglycemic state is a life-threatening
emergency manifested by marked elevation of blood glu-
cose, hyperosmolarity, and little or no ketosis. The consid-
ered protocol provides practitioners with a clear structure of
recommended actions to be taken for the control of the
glucose level. With the dramatic increase in the prevalence
of type-2 diabetes and the aging population, this condition
may be encountered more frequently by family physicians,
endocrinologists or geriatricians in the future (Maclsaac et
al. 2002). Although the precipitating causes are numerous,
underlying infections are the most common. Other causes
include certain medications, therapeutics non-compliance,
undiagnosed diabetes, substance abuse, and coexisting dis-
ease. Physical findings of hyperosmolar hyperglycemic state
include those associated with profound dehydration and
various neurological symptoms such as a coma. The treat-
ment of hyperosmolar hyperglycemic state involves a five-
pronged approach (Kitabchi and Nyenwe 2006): (1) fluid
replacement (including vigorous intravenous rehydration
and electrolyte management), (2) insulin therapy, (3) iden-
tification and treatment of the underlying and precipitating
causes, (4) monitoring for complications (such as vascular
occlusions and rhabdomyolysis (the rapid breakdown of
skeletal muscle tissue)), and (5) prevention.

5.1 Building conceptual graphs of guideline knowledge

For the construction of a conceptual graph, we need a formal
and detailed collection of nodes, relations and questions.
The nodes can be contexts, medical plans or events. There
are specific relations for each type of node and nested
conceptual graphs enable association of any concept node
with a partial internal description. This is done with the
Conceptual Graphs Graphical User Interface (CoGUI)
encompassing both conceptual graphs applications and con-
ceptual graphs editor (GraphIK 2012). Basically, conceptual
graph analysis has two stages:

* The first stage consists of the task analysis where a
knowledge engineer and a medical domain expert are
involved in the transformation process of a text CGPs
into formal knowledge (conceptual graphs). In situations
like this, the knowledge engineer creates some basic
conceptual graphs with a clear indication of the CG



Fig. 3 Formal vocabulary
(hierarchy of concept and
relation types) in conceptual
graph
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Relation types

‘vocabulary’. For instance, a framework which consists
of a set of conceptual graphs indicating the type of
clinical context representation (diagnostic interpretation,
therapeutic procedures, etc.). Four concepts coming
from the formal vocabulary (Fig. 3) are used: event,
context, diagnosis and treatment. Three relations are
used: belong, require and generate. This generic graph
can be interpreted in natural language as “every protocol
application has a description which is the following:
there is an event belonging to a context, this event
requires a diagnosis and the diagnosis generates a
treatment. The concepts: event, context, diagnosis and

treatment can be described by means of nested CG ™.
For example, Fig. 4 partially represents a hyperosmolar
hyperglycemic state protocol (Stoner 2005) in concep-
tual graph formalism. The context’s marker is the pre-
cipitating factors including infections and other causes
(medications, substance abuse and non-compliance).
The context’s marker is the physical findings including
profound dehydration and various neurological symp-
toms such as a coma. The diagnosis’s marker is diag-
nostic testing indicating marked elevation of blood
glucose, or serum osmolarity. The treatment’s marker
is ADA involving fluid replacement, insulin therapy,
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Fig. 4 Partial modelling of the hyperosmolar hyperglycemic state protocol in conceptual graph

identification and treatment of the causes, monitoring
for complications, and prevention. In this figure, for
binary relations, the elementary link: C;, — (rel) — Cy
will be denoted C;,' — (rel)* — Cour.

* In the second stage, the knowledge engineer uses the
probing questions to find a deeper layer of knowledge
for the graph (Carloni et al. 2009). The knowledge engi-
neer may opt for the inclusion of a third stage in which he
verifies the conceptual graph by interacting with a medical
expert in order to check for missing knowledge. In such a
situation, he can add facts to the fact base modelled in the
conceptual graph formalism, and he can apply medical
domain properties and inferential mechanisms to automat-
ically produce implicit or new knowledge (Baget and
Mugnier 2002). In our case, the verification stage is
achieved by using the CoGUI Interface (GraphlIK 2012),
which provides functionalities for data sharing and rea-
soning tools for verifying and exploiting medical knowl-
edge. As an example, if there are several alternative plans:
checking a guideline for coherency means to include con-
straints which exclude each other because of incompatible
activation conditions modelled by graph constraints. The

rule engine also could allow the user to deduce new facts
resulting of a change in the logic of the guideline.

Such a protocol modelling with the conceptual graph-
based tool is useful and illustrates the interest of the pro-
posed approach to help the user to easily understand knowl-
edge base, to visualise reasoning or decision-making
processes. Indeed, the benefits of the use of computers in
health care will be delivered if we design computerized
medical assistants which can efficiently relieve the clinical
staff of repetitive tasks and, more importantly, to really
support practitioners in decision making in real time.

5.2 Knowledge requirements for characterization
of hyperosmolar disease

Although medical guidelines give recommendations based
on the best available evidence, background knowledge and
metaknowledge (also useful for good medical practice) are
usually missing from the guidelines. For example the pre-
vention against the prescription of redundant drugs, or some
advices against a prescription of a treatment that is less



effective than some alternative. Previous works (Hommersom
et al. 2007) made a distinction between the different types of
knowledge that are involved in defining quality requirements
of medical guidelines:

* background knowledge concerning the (patho)physio-
logical mechanisms underlying the disease and the way
the treatment influences these mechanisms. This knowl-
edge is distilled from medical literature (articles, books or
handbooks of medicine). Insulin therapy is the treatment
of decompensated diabetes mellitus; the initial phase of
his management appeals continual glucose level and met-
abolic monitoring. For example, complex and multifacto-
rial metabolic changes very often lead to damage and
function impairment of many organs, like the blood ves-
sels (angiopathy) or hypomagnesemia in diabetes melli-
tus. In particular, it is possible to represent in a conceptual
graph form situations, such as the “hypomagnesemia may
be present in up to 90 percent of patients with uncontrolled
diabetes” (Stoner 2005). Unless the patient is in renal
failure, administration of magnesium is safe and physio-
logic (Fig. 5). Besides, the degree of neurological impair-
ment is related directly to the effective serum osmolarity
(Kitabchi and Nyenwe 2006), with coma often occurring
once the serum osmolarity is greater than 350 mOsm per
kg (350 mmol per kg).

* guidelines knowledge concerning the recommended
treatment in every step of the guideline and how the choice
for each treatment is affected by the state of the patient. As
an example, when treating diabetes with Neutral Prot-
amine Hagedorn insulin (NPH insulin), a desirable prop-
erty of the protocol (as recommended by some domain
experts (Ten Teije et al. 2000)) is to distribute the morning
and evening insulin doses according to the ratio 2/3—1/3.
In the Fig. 6, a therapeutic plan with NPH insulin injection
(at one point in time (Ptim)) influences the state of patients
by causing a context of blood glucose decreasing that
starts after 2-3 hours, its pick is 4-6 hours and his duration
is about 12 hours. However, there are different protocols of
distribution with other kinds of insulin (Glargine insulin:
once a day; Detemir insulin: once or twice a day). Other
examples are conditional goals associated with guidelines
in the EON guideline model (Musen et al. 1996) (e.g. if
patient is diabetic, the target blood pressures are 130/80). If
insulin is being prescribed to the patient suffering from

hyperglycaemia (with abnormal B-cell capacity), then an
increased uptake of glucose results in the patient condition
changing to normoglycaemia (formalized in Fig. 7).

* metaknowledge concern good practice in treatment selec-
tion and includes patterns that specify the behaviour of
treatment selection, given certain patient data. Such
knowledge is reviewed and revised by national public
authorities and must be mapped to those of the local
medical institutions. The recommendation of this knowl-
edge becomes more efficient as clinicians’ experience
with patients increases and with participation of interna-
tional congress of medicine. An example is the preference
of one treatment over another if it uses a smaller number of
drugs and has an equal effect on the patient or if it
minimizes the adverse effects on the patient (Fig. 8).

All these types of knowledge are useful during the guide-
lines and protocols application and clinicians can judge their
contextual relevance according to a clinical process evolu-
tion and patient’s management. Indeed, incompleteness of
background, guidelines or metaknowledge knowledge may
lead to insufficient knowledge about the actual situation of a
patient (current state or previous states), which may result in
a plan that makes a non-deterministic choice and inappro-
priate interventions and treatments.

5.3 Checking for inconsistencies inside the protocol

From the theoretical points of view, the proposed concept
graph model have the powerful structuring mechanism,
clear express meaning, well reasoning mechanism, and
facilitates semantic interoperability. However, from the
practical points of view, the proposed work is implemented
within the Conceptual Graphs Graphical User Interface
(CoGUI) (GraphlK 2012). The CoGUI is a user friendly
toolbox offering a set of tools to build and query knowledge
bases in conceptual graph context. Particularly, two major
tools are available:

* A multilingual vocabulary management tool that is pro-
vided with vocabulary editor, Rule and Constraint edi-
tor, Pattern and Prototypic graph definitions in order to
help annotation process. This tool controls the vocabu-
lary and, if necessary, provides means to correct it. In
the modelling phase of the guideline, the dependencies

Fig. 5 A background
knowledge about a treatment of
hypomagnesemia in Diabetes
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Fig. 6 A time constraint
representation of guideline
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between the various diagnostic and therapeutic hypoth-
eses are represented through a graph using the concepts
defined in the vocabulary description. The directionality
of the inferences used in reasoning makes explicit care
procedures. As a matter of fact, it is possible to visualise
the reasoning process related to the diagnosis of a pathol-
ogy or to the search of a prescription.

* A reasoning tool for processing and exploiting medical
knowledge which allows the user to apply knowledge to
deduce new facts or to check his work. The

directionality of the inferences used in reasoning makes
explicit decision making procedures (Kamsu Foguem et
al. 2008). As a matter of fact, it is possible to visualise
the reasoning process related to the diagnosis of a pa-
thology or to the search of a prescription. A query is
processed in such network representations by projecting
the corresponding CG into CGs obtained by translation
of the guidelines annotations. The retrieved guidelines
recommendations are those for which there exists a
projection of the query graph into their annotation graph.

Fig. 7 A conceptual graph rule
representation of guideline
knowledge of insulin therapy
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Fig. 8 A metaknowledge specification in the conceptual graph form

* In regard to patient data representation and the process
of mapping guideline patient data items to real medical
record models, according to the stated principle as de-
scribed previously in (Achour et al. 2001), it is possible
in some cases (both structured and semi-structured data)
to build conceptual queries from biomedical information
databases. The strong equivalence between conceptual
graphs deduction and query problems in databases has
often been pointed out (Mugnier and Leclére 2007).
Using an original mapping between the conceptual
graph and the relational database formalisms, a query
graph is matched to the data graph built with data issued
from each record of a medical information database by
means of a pattern-matching rule (projection) that
applies to conceptual graphs. For instance, the patient’s
glycemic state is characterized by physiological parameters
including Glucose Uptake (numeric value), from which we
infer the value of the descriptor Glycemic State (normo-
glycaemia, hyperglycaemia...) and the value of the trend
GlucoseUptakeTrend (decreasing, increasing ...). Howev-
er, the flexible projection enabled to handle the similarity
that could not have been found automatically using classic
SQL query since it depends on the semantic contents of
textual fields and not on structured fields of the databases
(some related points are considered in (Buche et al. 2006)).

The semantic verification of a guideline representation
consists in checking that the guideline representation respects
a set of constraints given by a medical expert. This verification
is done by means of the projection operation of conceptual
graphs (Fig. 9). The mechanism of semantic verification of a
conceptual graph consists of checking that there exists a
projection from any positive constraint and that a projection
from any negative constraint does not exist in this conceptual

graph (Baget and Mugnier 2002). Thus, it becomes easy to
visually show to the user where the anomalies occur with the
identification of the constraints that are not satisfied in terms
of conceptual graphs, very similar to the way CGPs are
modelled. That, in turn, simplifies application of our ap-
proach, as the medical expert does not have to take care of
the technical details of complex logic formula. Also, it is
possible to study the refinement restoring the coherence and
completeness of a conceptual graph knowledge base, which is
not semantically valid with respect to constraints (Dibie-Bar-
thélemy et al. 2006). Although, the proposition of a global
refinement process of the knowledge base restoring mecha-
nism is outside the scope of this paper, we can give some ideas
in order to keep the knowledge base in a usable state. We
likewise envisage that the restoring mechanism suggests mod-
ifications plus an indication of the new quality value (such as
correctness, consistency, uniqueness, minimality, and coher-
ence) after the change is really applied to the knowledge base.

e e T T

1 i 1

Terminologies ; CG Support ! 1
R PrROJECTION 1

| s - 1

Guidelines E"jwl : ' !
Annofation N E CG Base i :’ & '"“""“'i :
| INFERENCES ﬂ i CGResult | 1

[ I A O i |

Rules i CGRules ! :

I | p————— L I

I 3 1

Query é:: i CG Query :
L-:;T-"-'u‘;--—__--;;-——m-----l

Fig. 9 Principle of conceptual graph-based checking semantic verification



6 Conclusion

In this document, we presented a formal approach for med-
ical guidelines representation in order to improve the quality
of ICU support tools. The proposed graph-based approach
allows us to build formal domain vocabularies and uses
visual graph transformations supporting semantic similari-
ties reasoning. Certainly, the main contribution of the pro-
posed approach is that it helps in clarifying medical
knowledge representation, in improving the rigour of the
analysis performed and in making the reasoning steps ex-
plicit. Since the underlying structure of the undertaken
graph-based approach can support a broad variety of infer-
ences that goes far beyond logical deduction (Chein and
Mugnier 2008), our work can be considered as an innova-
tive approach in the sense that it allows the clinician to
follow reasoning processes in a graphical way and facilitates
user’s interaction. This aspect is very important because (in
our opinion) this facilitates the appropriation and the control
of the semantics which is associated with the CGPs repre-
sentations. Thus, the resulting obtained representations will
facilitate the use of medical guidelines in concert with a
health information technology system (De Clercq et al.
2004; Patel et al. 2001). Certainly, different kinds of CGPs
representation exist, which try to cover similar tasks, but
they usually require a formal methods expert with strong
background in the used language. Two others main benefits
are provided by the proposed methodology:

* From a communication viewpoint: besides, in the exist-
ing computer-interpretable guideline methods, it is now
known that there is a whole complex process involved in
the transformation of a text CGPs into formal knowledge
(Pérez and Porres 2010). Whereas, conceptual graphs are a
formal representation language (logically founded)
designed to map to and from natural languages in as simple
and direct manner as possible (Sowa 2000; Zweigenbaum
1994). Meanwhile, the existence of a standard (such as
Conceptual Graphs Extensible Markup Language) when
the graphs themselves are exchanged, facilitates the
connection of different knowledge systems that are able
to encode or decode conceptual graphs. Conceptual
graphs can be easily translated into the terminology of
some other approaches in knowledge engineering, such
as RDFS (Yao and Etzkorn 2006) and its evolution, the
OWL (Argiiello Casteleiro and Des Diz 2008; Horrocks
et al. 2005) mainly applied in connection with the
“Semantic Web” scheme. This is a useful and practical
advantage in healthcare, because it defines the ability of
different information technology systems and software
applications to communicate effectively and consistently,
the information to be exchanged (Dieng-Kuntz et al.
2006; Corby et al. 20006).

* From a maintenance viewpoint: general problems as-
sociated with family of conceptual graph based reason-
ing are NP-hard (Chein and Mugnier 1992). However,
some polynomial cases obtained by restricting the struc-
tures of the graphs are used in real-world knowledge
(Baget and Mugnier 2002). Another advantage is the
possibility to make appropriate trades between biologi-
cal fidelity and computational expediency (Khelif et al.
2007). The main feature of the proposed approach is the
ability to create and maintain links between a guideline
text file and its representing conceptual graphs file. The
knowledge engineer should always define links during
the translation task. Since, the CoGUI architecture
(GraphIK 2012) includes components such as a vocabu-
lary management tool and a rules engine that executes
declarative if-then rules; this tool enables us to create links
between the original guideline and its formal representa-
tion and ease the editing of guidelines. In the maintenance
context, the vocabulary tool manages changes in concept
definitions over time, and rule engine also manages
changes in rules that might occur due to changes in the
clinical guideline specifications that occur over time.

The associated reasoning tools of our approach are mainly
aimed at providing guided support to the physician during the
application of the guideline. For instance, specific information
useful for the background hypotheses and temporal evolution
of patients may be confronted by the physician in order to make
informed decisions. Such a medical decision making often
involves making a diagnosis and selecting an appropriate treat-
ment (Arocha et al. 2005), which must be performing properly
(i.e. quickly and accurately) in critical situations. Further meas-
ures used for the clinical evaluation would include quantitative
measures such as the number of accurate answers to some
queries generated by other typical clinical protocol (e.g. cardio-
pulmonary, geriatric, neurological, nephrology and urologic
protocols). There is also an important need to develop a deep
study of efficient heuristics of the basic problems (deduction,
consistency, query answering). Finally, the complexity of the
decision-making process in medical domain - as well as build-
ing user friendly CGPs representations - suggests that it is
necessary to better interoperate with a different set of expressive
and reasoning capabilities offer by several approaches.
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