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Abstract

The application of scientific methodology to clinical
practice is typically realized through recommendations,
policies and protocols represented as Clinical Practice
Guidelines (CPGs). CPGs have the purpose to help the
clinicians in their choices and to improve the patient care
process. Currently, there have been considerable efforts in
digital CPGs for their application to build Clinical Decision
Support Systems (CDSSs) in order to deploy them in several
hospitals.

The representation of guidelines and their introduction in
Clinical Information System (CIS) can lead to efficient
Clinical Decision Support Systems (CDSS), however this
poses several interesting challenges as it involves problems of
knowledge representation, inference, workflow definition,
access to unstructured databases of medical records and
others.

In this paper we describe the architecture of the Guideline
Engine, as part of the KON’ (Knowledge ON ONcology
through ONtology) project. We use a semantic web approach
— employing a domain ontology, a patient ontology, decision
rules and a Guideline Engine formed by a Process Engine and
by a Rule Engine. A Guideline Engine is a computer program
which can interpret a clinical guideline represented in a
computerized format and perform actions towards the user of
an electronic health record (EHR). We also report a specific
case study of the application of the model in oncology.

Index Terms - CDSS (Clinical Decision Support System),
Ontology, CPGs (Clinical Practice Guidelines), Protégé,
KON’ (Knowledge ON ONcology through ONtology), SAGE,
Process Engine, Rule FEngine, EBM (Evidence Based
Medicine)

1. Introduction
linical Practice Guidelines (CPGs) are disease-specific
recommendations to assist clinical decision-making in
accordance with best evidence.

Several studies have demonstrated that health professionals
show more effective compliance with guidelines when they
are embedded in the knowledge layer of the CDSS and
provide a customized management protocol for the individual
patient at the point of care [13]. However, the sustainable and
successful application of CPG requires a sequence of
activities, in particular the CPG needs to be formally
computerized to enable it to be executed by computer systems,

and to be systematically incorporated within a CDSS.

CPG guided DSS [7][14][17] are particularly useful in
clinical settings where health different clinicians are required
to deal with complex or unusual cases with the aim of
standardize and share the knowledge about clinical treatments.
In such situations, CPG-based DSS can guide the clinician’s
actions and suggest proper recommendations.

In order to achieve a CPG-guided CDSS is necessary to (a)
encode CPGs in a structured format at semantic level
(ontology); (b) transform the CPGs inherent decision logic
into medically salient decision rules; (c) execute the
computerized CPG to achieve decision support; (d) ensure the
validity of the transformed knowledge and to provide trust in
the recommended actions.

In literature, there are several theoretical approaches in
CPGs systems, see for example [1] and [21]. On the contrary
there are very few papers describing experiences about the
realization of a CDSS that reports approaches, architectures
and implementation details including issues, limitations and
assumptions.

SAGE Project (Standard-based Sharable Active Guideline
Environment) [24][25], involves a Guideline Model, a Protégé
based tool for encoding, viewing and testing CPGs, the
knowledge deployment process and the knowledge execution
architecture. However no detail information about the
architecture and functionalities of its Execution Engine is
available in literature, except [20].

Another interesting work is reported in [12] suggesting an
approach and architecture for implementing a CDSS that
adopts SAGE Guideline Model. The followed approach
involves the translation of the guideline representations to a
proprietary knowledge model and to store them in knowledge
repository.

In order to be integrated into the clinical workflow, the
guideline based approach should depend on the specific
patient and pathology at the hand. This implies that CDSS
should be integral part of the CIS and the inference engine
must be linked with all available clinical records of the patient
[6]. Indeed, the wide-spread distribution and wuse of
computable CPG content can be improved if the research
community focuses on lack of standards for representing
medical knowledge, and on the prohibitive complexity and
expense required to adapt encoded guideline content across
the heterogeneity of data structures, semantics, and medical
vocabularies in use in the nation’s health care information
systems.

The main objective of the KON’ [4], a joint effort between



companies, university and regional government agencies, is to
obtain a sharable knowledge based on CPG at a reasonable
cost and in a form that can be integrated into the clinician’s
workflow. The main features of KON’ is the adoption an
Ontology for representation of guidelines in addition to a
registry based healthcare information infrastructure.

Here we describe the main architecture and
functionalities of the central element of developed system
consisting into a Guideline Engine together with its
application within an oncology environment.

KON’ CDSS is a generic system, because it’s guideline
independent provided that it’s conforms to adopted Guideline
Model. If this requirement is met, so it’s possible to encode
end execute any guideline.

The paper is organized as follows, Section II describes
KON’ project and the adopted architecture. Section III
describes the KON’ underlying knowledge representation
while in Section IV, the architecture of the Guideline Engine is
described in details. Section V describes a case of study in
oncology environment, in particular in the Breast Cancer
environment. This guideline, designed and represented at
ontology level, is executed by the KON’ Guideline Engine.
Section VI contains conclusions and future works.

2. KON®

KON architecture is described in this section. As shown in
Figure 1, the KON® CDSS is composed by:

* Knowledge Base, it’s the knowledge representation at

semantic level. It’s divided into:

o Guideline, it represents the guideline model,;

o VMR (Virtual Medical Record), it represents the
patient data;

o Vocabulary, it contains information about the used
vocabulary;

o Expression, it is the module to represent the rules.

* Guideline Engine, it is the module to guideline

executions. It’s divided into:

o Process Engine, it’s the scheduler of the guideline;

o Rule Engine, it is the component that executes the
rules.

* Guideline Editor, it provides the necessary tools to

design a guideline.

The CDSS interacts with Electronic Health Record (EHR)
Module through some interfaces in order to get and set data in
patient’s EHRs.

The Electronic Patient Record (EPR) is the record of the
periodic care provided mainly by one institution. Typically
this will relate to the healthcare provided by an hospital to a
patient.

The EHR is a longitudinal electronic record of patient
health information generated by one or more encounters in any
care delivery setting. Included in this information are patient
demographics, progress notes, problems, medications, vital
signs, past medical history, immunizations, laboratory data
and radiology reports.

The CDSS, EHR and EPR modules share a vocabulary in

order to use a single terminology. This is a recurring problem
for the semantic interoperability. The main used vocabularies
are SNOMED [26] and ICD9 [9].
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Figure 1: Kon® architecture

2.1. Overall picture

An overall picture describing the context on which KON’
works is shown in Figure 2. KON’ Guideline Engine is depicted
with its knowledge base and its main modules. It is also shown
a Client Module that permits clinician to interact with EHR
and with KON’ too.
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Figure 2: an overall picture

In a typical scenario, clinician inspects the electronic health
record of a patient through an user interface. He also interacts
with KON® CDSS, in order to extract guidelines that should be
activated for the patient profile specified (Figure 2 (a)). During
this phase, KON® interacts, through the VMR Module, with
EHR, in order to extract needed clinical data and populate an
internal VMR. After clinician and patient agree on a specific
health care drift, and execute a specific guideline. So KON?
CDSS influences health choices by clinicians in order to
improve health care, offering some disease-specific
recommendations (Figure 2 (b)).

3. KON’ Knowledge Base

3.1. Guideline Model

The SAGE Guideline Model is briefly described here for
illustration purposes. For a more detailed survey, see [23][25].
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SAGE represents the evolution and aggregation of concepts,
solutions and approaches of previous works on guideline
modeling (including Asbru [15], GLIF3 [3][16], EON [23],
PROforma [5], GUIDE [19] and PRODIGY [11]). It advances
the state of the art by focusing on requirements that previous
models have not met simultaneously: (a) incorporation of
workflow awareness, (b) employment of information and
terminology standards, (c) incorporation of simple flow-of-
control standards, and (d) attention to integration with vendor
CIS. Here we don’t analyze in details the various works; for a
detailed survey see [2].

The Guideline Model is a computable knowledge
representation "format" for encoding the content and logic of
executable CPGs.

It conceptualizes CPGs as having metadata such as issuing
organization, enrollment criteria that defines its target
population and recommendation sets consisting of some usage
context (specific clinical circumstances) where some course of
actions are preferred over others (decisions about appropriate
health care).

The enrollment and decision criteria are written in terms of
an executable expression language that make use of guideline
concepts (linked to standard terminologies) and clinical
evidence (formulated as evidence statements) for selecting
particular action and that may make queries to external
knowledge sources. Guideline actions are defined in terms of a
set of action specifications (e.g., order laboratory tests or send
an alert message) that are linked to corresponding actions in a
CIS.

3.2. Standard Terminology

In order to support semantic interoperability at the domain
level, vocabulary standards are needed. KON® uses the core
vocabulary resources of SNOMED CT, in order to support
semantic interoperability between CDSS and EHR.

3.3. Virtual Medical Record - VMR

A major obstacle in deploying and executing CPG is the
variability of electronic medical records and the consequent
need of adapters. It is also needed that a CDSS execution
engine can query and update patient data during guideline
execution regardless of data base organization. In order to
provide standardization of content at the information model
level, an idealized model of clinical record information

artifacts compliant with formalisms of the HL7 Reference
Information Model (RIM) [8] is adopted. This is called the
Virtual medical Record (VMR) [10]. The adopted VMR in
KON’ is composed by 13 classes: Observation, Encounter,
Problem, Adverse Reaction, VMR Order, Agent, Referral,
Appointment, Alert, Composite Clinical Model, Procedure,
Goal.

3.4. Expression Model

SAGE Guideline Model adopts GELLO [22] as expression
language; it was developed by the Clinical Decision Support
Technical Committee (CDSTC) of HL7. GELLO is a generic
expression language that can be used with any object-oriented
data model, but is a complex string-based language that is not
easy to write for someone who is not trained technically.

To make easy for guideline encoders to author computable
expressions, the adopted model introduces a number of classes
that organize expressions into typed data values, variables,
functions, and criteria. Each expression class corresponds to a
template of stereotypical GELLO expressions.

Expression Model supports four major types of criteria
templates: boolean combination, comparison, existence and
goal-satisfaction. In details criteria classes supported are:

* Comparison Criterion, a criterion used to compare an
instance or a set of instances of VMR classes - retrieved
according to a coded concept and a valid window - with a
predefined value;

* N-ary Criterion, a Boolean combination of other criteria;

* Presence Criterion, a criterion that checks for presence or
absence of coded concept in instances of a VMR class
within the valid window. There are five flavors of
Presence Criterion, one for each specific type of
instances (e.g. Observation), defining different behaviors:
Allergy Presence Criterion, Intervention Presence
Criterion, Substance Administration Presence Criterion,
Observation Presence Criterion.

* Goal Criterion, a criterion that checks if a goal of a
measurable clinical data is satisfied.
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Figure 4: A guideline example design through a graph
4. KON’ Guideline Engine

4.1. The Process Engine

The Process Engine is a module whose purpose is to
execute, step by step, a guideline working as an action
scheduler.

A guideline may be designed through a graph. An example
of a guideline is shown in Figure 4; there are a set of useful
elements to design a guideline, such as:



* Context, it defines the guideline context. It’s possible,
through the context, to define constraints, events and pre-
conditions necessary to continue a guideline. It’s also
possible to entry in a subguideline;

* Action, it defines the current step to execute. The current
step may be a set of actions (Action Specifications). Also
the action may be formed by constraints and pre-
conditions;

* Decision, it consists of an alternative sets. Each
alternative is formed by rule sets. The Rule Engine
evaluates these rules and it returns a Boolean value. The
rules may be (A) Strict Rule Out, if the Rule Engine
returns a frue value, then it means this alternative isn’t
feasible, else it’s; (B) Strict Rule In, if the rule sets with
true value exceed a fixed threshold, then the alternative is
strongly recommended; (C) Rule Out, if the Rule Engine
return a true value, then it means that there’s a
contraindication, however the clinician can select the
alternative; (D) Rule In, if the Rule Engine returns a true
value, then the alternative is recommended. However, if
there’s a false value, the clinician can select the
alternative.
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Figure 5: A typical guideline structure

In general, an expected guideline is composed by a
sequence of Contexts. We adopt this convention in order to
manage correctly execution state to allow at clinician to entry,
in any point of the guideline. This necessity is derived by real
world, e.g. a patient should start a care in a hospital and should
continue it in another. So, we model these other entry points as
Contexts, t0o.

Process Engine traverses a guideline graph and manages its
single step. Process Engine executes each type of steps with
different behavioral, see Figure 5.

If it’s a Context, then the Process Engine controls if there
are conditions to evaluate. In this case it calls the Rule Engine
for evaluation of them. If the Rule Engine returns a true value,
then this step is activated, and so the Process Engine entries in
a possible subguideline. Also a subguideline is composed by
other actions and decisions.

If it’s an Action, then the Process Engine controls if there
are conditions to evaluate and, if required, calls Rule Engine.
If the Rule Engine returns a frue value, then this step is
activated, and so the Process Engine manages the Action
Specifications. Action Specifications are action sets, in
particular they could be classified in: (a) Notify Action, which
purpose is to send a textual message to the clinician; (b)
Display Action, which purpose is to display expressions,

clinical data sets and supplemental materials; (c) Inquire
Action, which purpose is to interact with the clinician to get
some information about the patient; (d) Recommended VMR
Order, which purpose is to set interventions, referrals and
exams into the CIS.

If it’s a Decision, then the Process Engine controls if there
are conditions to evaluate and, if required, calls the Rule
Engine. The Process Engine evaluates first the Strict Rule Out.
If at least one is true, then the alternative is discarded, else the
other rules are evaluated. It also determines recommended
alternatives, according to Strict Rule In threshold and
highlights them. Finally all possible alternatives are returned
and proposed to clinician.

4.2. The Rule Engine

Since today there isn't a mature, complete and open source
GELLO expression engine accessible via programmable
interface, we choose to design and develop an ad-hoc engine.

The Rule Engine developed works on the expression classes
defined in the Expression Model, in particular on the
evaluation of the expression templates, called criteria. It is
possible to define a criterion as an access precondition on
Context, Action and Action Specification nodes and also as a
decision rule on Decision nodes, such as Strict Rule In, Strict
Rule Out, Rule In, Rule Out. Rule Engine supports and
executes all four major types of criteria templates. For each
class supported, there is an handler module that manages and
resolves instances of it. As mentioned above, an interaction
between Rule Engine and VMR module (and from VMR
module and EHR, too) is strongly needed, in order to retrieve
VMR instances needed to evaluate a criterion.

In a typical scenario, Guideline Engine asks to Rule Engine
to resolve a particular criterion on a specified patient, e.g. a
condition for evaluating if a particular Confext may be
activated. Rule Engine retrieves needed clinical data for
specified patient from the VMR and resolves it. The output
could be true (condition satisfied for the patient) or false
(condition unsatisfied for the patient).

4.3. VMR Module

This module manages patients data collecting them into the
VMRs. When asked by Rule Engine, it retrieves data for a
specific patient from EHR, then it extracts only needed data
and populates VMR. Finally, it offers the VMRs to Rule
Engine.

5. A Case of Study: DCIS (Ductal Carcinoma In
Situ)

The case of study described here, is extracted and modeled
from a real guideline from NCCN' Clinical Practice
Guidelines in Oncology v.2.2007. The specific guideline is the
Ductal Carcinoma In Situ (DCIS) one.

The National Comprehensive Cancer Network (NCCN), a
not-for-profit alliance of 21 of the world’s leading cancer
centers, is dedicated to improving the quality and effectiveness
of care provided to patients with cancer. NCCN Member

' NCCN web site: www.nccn.org



Institutions develop resources, such as guidelines, that present
valuable information to the numerous stakeholders in the
health care delivery system.

DCIS refers to the most common type of noninvasive breast
cancer in women. /n situ, or "in place", describes a cancer that
has not moved out of the area of the body where it originally
developed. With DCIS, the cancer cells are confined to milk
ducts in the breast and have not spread into the fatty breast
tissue or to any other part of the body (such as the lymph
nodes).

The clinical scenarios and guideline logic are encoded into
a computer interpretable model of guidelines, using a Protégé
[18] plug-in, called Graph Widget.
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Figure 6: The DCIS guideline encoded.

The DCIS guideline, as shown in Figure 6, is composed by
four main phases:

* WorkUp (“DCIS startpoint™);

* Primary Treatment (“After Workup”);

* PostSurgical Treatment;

* Follow Up.

WorkUp

The guideline startpoint, the first possible Context, is “DCIS
startpoint”. The specific precondition is “Female and DCIS”,
it is composed by two criteria: (1) A “DCIS diagnosticated”
for this patient, (2) and “Patient is Female”. So the
precondition is frue only if either are frue. If this Context is
enabled the execution could start with the subguideline. In
“DCIS startpoint” subguideline there is only an Action, called
“Workup Actions”, that involves notifies that an historical and
physical examination, titled “H&P to do”, and a “Pathology
Review” are necessary. Also two recommended clinical order
titled “Mammography” and “Determination of Tumor
Estrogen” should be performed.

Primary Treatment

The second phase is Primary Treatment (PT), it is
composed by the subguideline shown in Figure 7. The
precondition for access here is composed by the precondition
for “Workup Action” Context and the criterion “Workup
Action Completed”.

Last one criterion is in order to analyze the VMR and verify
that the needed clinical exams are performed in a predefined
valid window.

In PT subguideline there is an inquire step (“Some
evaluations” Action), for asking to clinician about DCIS
details, such as DCIS grade and DCIS unicentrism. After a
Decision step 1is performed, in order to select the
recommended Primary Treatment for the patient. Here
clinician responses and other VMR data (e.g. DCIS
dimension) are evaluated. A summary of the underlying rules
in “Dimension Evaluation” is shown in Table 1.

After this step, clinician and patient select the preferred
Primary Treatment from the list (Action DCISO_PT _SMALL
or DCISO_PT BIG). Examples of possible Primary Treatment

for DCISO PT BIG are ”Mastectomy without lymph node
dissection with/without reconstruction” and “Lumpectomy
with RT”.
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Figure 7: Primary Treatment in DCIS

Strict Rule Out |Strict Rule In Threshold
DCIS0_PT_SMALL |DCIS Is unicentric? 1
DIMENSION |Is low grade?
>=().5 cm
DCIS - -
DIMENSION
<0.5cm

Table 1: Alternatives in Primary Treatment

DCIS0_PT_BIG

PostSurgical Treatment

This phase involves the post surgical treatment, see Figure
8. In particular is determined if a specific PostSurgical
Treatment is needed (“DCIS PostSurgical Treatment” Action),
or if only the risk reduction therapy is needed, see Table II.
This is determinate evaluating previous chooses, inferred from
VMR (e.g. “Mastectomy” preferred as choice in Primary
Treatment phase and detected as performed in VMR). Either
actions are composed by some Actions Specifications that
involves notifies to clinician, displays data, displays
supplemental materials (such as other guidelines, link to
publications, evidences, statistics), etc.

FS_Decision

Figure 8: Subguideline in PostSurgical Treatment Context.

Strict Rule Out |Strict Rule In Threshold
DCISO - PT: Lumpectomy and RT 1
PostSurgical PT: Mastectomy
Treatment
DCISO - - -
Reduction
Therapy

Table 2: Alternatives in Postsurgical Treatment

Follow Up

The prerequisite to access into this Context is a criterion
composed by the PostSurgical Treatment precondition and the
termination condition of the previous phase. This termination



condition is inferred from the VMR in a manner quite similar
to previous ones.

In the FollowUp subguideline the required follow up exams
are shown to clinicians specifying administration time
interval, amount and frequency. The exams are determinate
based on previous chooses, such as choices made in Primary
Treatment and PostSurgical Treatment (e.g. if treated with
Tamoxifen during PostSurgical Treatment, then display also,
as supplemental material, “NCCN Breast Cancer Risk
Reduction Guideline”).

6. Conclusions and Future Works

In this paper KON’ CDSS is described, focusing on the
execution of a CPGs in oncology environment (in particular in
Breast Cancer environment). However, the described system
could also be applied to other domains where the activities are
based on a design that entails a decision logic that is structured
in an algorithmic format. In general the algorithmic format
should be formed by Action Step, Decisional Step, and
Context Step.

We described a Guideline Engine composed by a Process
Engine and a Rule Engine to satisfy above requirements. The
Process Engine is the actions scheduler, while the Rule Engine
evaluates the criteria contained in a guideline. These criteria
are used in order to define conditions and decision rules.

Future developments will involve: (a) CPG Process
Authoring. It will provides a Graphical User Interface (GUI)
that permits to model and formalize CPGs; (b) CPG Rule
Authoring. It will provides a GUI that permits to define rules
in a CPG; (c) Use of EBM (Evidence Based Medicine). KON’
purpose is to provide a complex system to support clinicians
in their decision during a process care. The support is not only
through a guideline execution, but also through EBM theory.
Through EBM, the clinician is supported through a set of
documents, experiences, statistics.

7. Availability

All the project documents, as Guideline Model
documentation, KON® architecture documentation and the
prototype are available on our web site
http://www.koncube.org.
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