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Abstract
Clinical guidelines are aimed at standardizing patient
care and improving its quality and cost effectiveness.
Guidelines represented in a computer-interpretable (CI)
format can be used to provide automatic decision support
applied to individual patients during the clinical encounter. The process of creating computer-interpretable guidelines (CIG) removes ambiguities contained in paper-based
guidelines, thus making the guideline more comprehensible. For these reasons, CIGs may have a larger impact on
clinician behavior than paper-based guidelines. Since
much effort goes into creating guidelines in a CI format, it
is desirable that different institutions and software systems
share them. In a guideline representation workshop hosted
by the InterMed Collaboratory in March 2000, the need
for a standard representation format for sharable CIGs
was recognized. As a first step towards achieving this
goal, we proposed a set of functional requirements for
sharable CIGs. The requirements encompass the entire life
cycle of a CIG: development, implementation, use and
maintenance. In this paper we discuss requirements that
are important during the development stage of a CIG. We
have abstracted the requirements into two groups: expressiveness – the ability to express the knowledge content of
different types of guidelines – and comprehensibility – the
ability to manage complexity, facilitate coherence, and
visualize a guideline model to aid in human comprehension. The Guideline Interchange Format version 3
(GLIF3) is a language for structured representation of
CIGs. It is under development to facilitate sharing CIGs
among different institutions and systems. We illustrate how
GLIF3 meets the specified development requirements.
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Introduction
Clinical guidelines define recommended strategies for
managing health care in specific clinical circumstances.
The recommendations are based on evidence from scien-

tific studies, and are created by a consensus process among
medical experts. They are intended to minimize practice
variation, to improve clinical outcomes, and to reduce inappropriate use of resources. Unfortunately, guidelines
have not always been successful at affecting practitioner
behavior [1]. Among factors that have been proposed to
explain this situation is the lack of usability and comprehensibility of paper-based guidelines [2]. Guideline implementation strategies that provide patient-specific advice
automatically at the point-of-care are more likely to increase usability than those in which guidelines are made
available in non-patient-care contexts (such as publication
in monographs or journals) [3]. CIGs can be used to provide patient-specific recommendations, to support retrospective analysis of quality of care [4], or for educational
purposes. Moreover, the process of creating a CIG aids in
removing ambiguities that may arise in paper-based guidelines, thus making the guideline more comprehensible.
For guidelines to be computer-interpretable, they must be
encoded in a particular model. The model defines the
knowledge concepts contained in guidelines, by explicitly
specifying their structure and relationships. A number of
models for CIGs have been developed. Arden Syntax [5] is
a model that is suitable for modeling individual decision
rules that generate alerts and reminders. Some examples of
methodologies that have been developed for modeling
multi-step guidelines are GLIF [6], EON [7], PRODIGY
[8], PROforma [9], PATient Workflow Management System (PATMAN) [10], Asbru [11], and PRESTIGE [12].
They differ in many respects that include: (1) the types of
guidelines they can represent, (2) the depth to which attributes are structured (i.e., whether attributes are simple or
complex data types), (3) the formality of the underlying
model, (4) the underlying mathematical model (e.g., state
transition graph, rule-based system), and (5) the focus of
interest. In GLIF, the focus of interest is the ability to share
guideline encodings. In EON it is the guideline task model,
temporal queries, use of domain ontologies, and explanation. Safety is the center of focus in PROforma. In Asbru,
it is that of expressing guideline intentions. PRODIGY
aims at facilitating knowledge engineering by domain experts by producing a simple, understandable model suffi-

ciently expressive to represent chronic disease management guidelines. Work done by the Medical Informatics
group at the University of Pavia emphasizes workflow integration into healthcare organizations.
The CIG community, in a workshop that was hosted by the
InterMed Collaboratory [13] in March 2000 [14], recognized the need for a sharable standardized representation
of clinical guidelines. Sharing encoded guidelines leverages the large effort that is put into encoding. A common
format for sharing guidelines will focus the effort of
achieving a high quality guideline model and authoring
tools and execution applications. As a first step towards
achieving such a common format, participants of the guideline-modeling workshop identified a set of functional requirements for sharable CIGs [15]. The requirements encompass the entire life cycle of a CIG, from development,
through implementation, to use and maintenance. In this
paper we focus on the requirements that are important during the development stage of a CIG: expressiveness – the
ability to express the knowledge content of different types
of guidelines – and comprehensibility – the ability to manage complexity, facilitate coherence, and to visualize a
guideline model so as to aid in human comprehension.
Any robust guideline model should be able to satisfy the
set of requirements. GLIF3 is specifically designed for the
purpose of sharing guidelines among different institutions
and software systems. Guidelines are modeled as a temporally ordered set of guideline steps that represent clinical
actions, decisions, and patient states. Branch and synchronization steps are used for parallel control flow. The guideline steps are structured in a way that enables them to be
fully detailed and precisely defined. This is achieved by
formally specifying eligibility and decision criteria, patient
data, action specifications, and control flow. GLIF3 has a
domain ontology that allows mapping of guideline terms to
standard vocabularies and standard data models of medical
concepts. This design is aimed at structuring the way in
which guideline encodings are mapped to institutional
electronic medical record (EMR) codes.

Materials and Methods
Our work is based on the set of functional requirements for
a sharable CIG representation format that was raised by
participants of the guideline-modeling workshop hosted by
InterMed in March 2000 [15]. We begin by abstracting the
set of requirements to create an overarching organization
that is intended to be easy to follow. We then illustrate how
these requirements might be met, using examples from the
GLIF3 guideline representation format (hereafter referred
to simply as GLIF).

Results
Many requirements of CIG representation arise during the
development life cycle stage. We have abstracted them into
two main groups: expressiveness and comprehensibility.

Expressiveness
Expressiveness is the ability to encode the knowledge content of different types of guidelines. Guidelines may be
classified according to the clinical domain, the stage of the
medical problem and its management (e.g., screening, diagnosis, disease management), multiple or single encounters, setting (e.g., inpatient or outpatient clinic), time frame
(emergency, acute, or chronic), and guideline computability (i.e., algorithmic, guiding, or intermediate) [16]. We
have used GLIF to encode a variety of guidelines including
guidelines for Influenza vaccination [17], management of
chronic cough [18], management of stable angina [19],
thyroid screening [20], lower back pain [21], heart failure
[22], and depression [23], as shown in Table 1.
Table 1 – Classification of GLIF3-encoded Guidelines
Disease/
Condition

Flu

Stage of Problem

Encounters

setting

Time
Frame

Computability

prevention

1

out

a

algorithmic

Stable Angina

management

n

out

a/c

intermediate

Chronic
cough

Diagnosis +
management

n

out

a

intermediate

Lower back
pain

Diagnosis +
management

n

out

a

intermediate

Heart failure

management

n

out

a/c

algorithmic

Depression

management

n

out

a

algorithmic

screening

1

out

a

algorithmic

Thyroid
screening

n = many; out = outpatient clinic; time-frame: chronic, acute;

The knowledge content of the different kinds of guidelines
can be classified in several ways. One classification takes
the point of view of the guideline’s structural parts (i.e.,
recommendations, concept definitions, and algorithms),
and the other is a functional classification of the kind of
decision-support tasks that a guideline involves.
Definitions, recommendations, and algorithms
To illustrate, the cough guideline defines chronic cough as
cough persisting for over 3 weeks. This definition can be
represented in GLIF as an eligibility criterion, for which
the logical criterion is specified in GLIF’s expression syntax. The logical criterion refers to patient data items that
are defined by GLIF’s domain ontology. The criterion is
expressed as: “latest_cough_end_time >= now and latest_cough_start_time < (now – 3 weeks)”, where latest_cough_end_time and latest_cough_start_time are timestamp variables defined elsewhere in the guideline by a
Get_Data action specification that links these variables to
definitions of patient data in the domain ontology. An example of a data item is shown in Figure 1.
Figure 2 shows how the following recommendation from
the cough guideline is represented in GLIF: “four-view
sinus radiographs should be ordered prior to beginning

therapy for postnasal drip syndrome (PNDS) when cough
is productive (Grade II-2)”. The strength of evidence
(Grade II-2 in this example) is an attribute of the guideline
step class in the GLIF model.

require knowledge that is not specified by the guideline.
To aid in the choice, rule-in and rule-out criteria may be
specified for each alternative. Examples of case and choice
steps are shown in Figure 3. The decision criteria follow a
three-valued semantics of true, false, or unknown, which is
more appropriate for medical data then Boolean semantics.

Figure 1 – A medical action specification of a chest X-ray
showing a medical task data item
Figure 3 – Two levels of representation of a guideline
Goals can be specified in GLIF as text strings that define
the intention of a guideline or sub-guideline. Unlike Asbru
[11], GLIF does not enforce constraints satisfaction checking for goals that are not met.

Figure 2 – An algorithm representing evaluation and treatment of PNDS as the cause of cough
Representing decision-support guideline tasks
Another way to classify the knowledge content of the different kinds of guidelines is a functional classification of
the kind of decision-support tasks that a guideline involves
[7]. The tasks are: making decisions, setting goals, specifying work to be performed, data interpretation, and generating alerts or reminders. In this section, we illustrate how
the GLIF model can specify these tasks. GLIF differentiates between two types of decision steps: case and choice.
Case steps represent decisions that can be automated by
directly evaluating logical criteria based on data items
from the EMR. Choice steps represent choices that should
be made by the user since they are either safety-critical or

Work to be performed is specified in a GLIF guideline’s
algorithm by action steps. Each action step includes an
action specification(s) that is either programming-oriented
(e.g., data retrieval from the EMR, sending a message to
the user) or medically oriented. Medically oriented action
specifications refer to codes from controlled medical vocabularies and to standard medical data frameworks, which
in the default case is HL-7’s Reference Information Model
(RIM) [24], but can alternatively be defined by the guideline authors. The medical data frameworks classify medical
data into a top-level hierarchy, and specify their attributes
and relationships. For example, the HL-7 RIM model specifies 4 top-level classes that are used by GLIF: the act
class, which is used to represent patient data, and 3 of its
subclasses – observation, medication and (medical) procedure. An example of a medical action specification that
models a chest X-ray order is shown in Figure 1.
Data interpretation is handled by GLIF in the following
way. Definitions of concepts are based on standard vocabularies. Concept relationships (e.g., Penicillin is an antibiotic) can be represented as well. Therefore, a criterion
that asks if the patient is on antibiotics is evaluated as true
if the patient is taking penicillin. Sending reminders and
alerts is modeled by GLIF’s message action specification.
Comprehensibility
Comprehension involves the construction of a mental representation of some aspects of the external world (i.e., an
external representation, such as a clinical guideline). In
order for guidelines to standardize care, their comprehen-

sion should result in a mental model that matches the
guidelines’ recommended procedures [2]. The comprehensibility of a guideline model is important for guideline authors who want to follow easily the guideline specification
that they are generating, as well as for users who want to
follow the guideline logic. Comprehensibility entails visualization and readability, complexity management, and
coherence facilitation.
Visualization and readability
GLIF has a layered representation that is designed to separate knowledge abstractions from the formal view and from
implementation-dependent details. The topmost layer, the
conceptual flowchart level, is useful for human readers
who want to have a conceptual view of the guideline in
which the guideline flow is easy to follow. The formal
computable level is needed to support automatic guideline
interpretation and verification of logical correctness. The
implementation-dependent layer has not yet been developed. Figure 3 shows an example of the education and risk
factor modification algorithm of a guideline for stable angina that was created by the Protégé authoring tool [25].
On the right side of the figure, the conceptual flowchart is
shown. Each of the guideline steps can be expanded to
show its computable specification, as illustrated for the
“High cholesterol?” case step, on the left side of the figure.

user (e.g., general practitioner, nurse) or setting (e.g., inpatient vs. outpatient clinic). The user can always see more or
less detail than what is shown to him by default.
Coherence facilitation
Coherence reduces the probability of errors in understanding by providing the reader with ways to make associations
among different parts of the guideline [2]. Coherence
makes a guideline easier to understand by constraining the
amount and types of inferences that are made during interpretation. As was mentioned earlier, GLIF supports expression of different structural parts of guidelines, including definitions, recommendations, and algorithms. It provides a highly structured model that represents a guideline
as a network of guideline steps containing references to
patient data, decision criteria, and action specifications.
GLIF in turn defines the inter-relations among these different objects in an explicit and coherent way, which eases
inference. In addition, GLIF guidelines and guideline steps
can reference supporting material that may facilitate understanding of the reasons and evidence behind the recommendations. The supporting material can be inline text,
URLs, or keywords. The purpose of the supporting material is further specified as evidence, comment, or indexing.

Discussion

Complexity management
CIGs can be very complex in terms of the magnitude of
knowledge, the amount of embedded and linked propositions within a single sentence and the temporal flow of the
logic [2]. In addition, guideline models can contain a large
number of constructs. This may result in very complex
guideline encodings. GLIF provides three constructs to
manage complexity: nesting, macros and views.
Nesting allows a guideline author to represent a top-level
view of the guideline’s algorithm, and recursively to show
the details of action and decision steps using subguidelines. For example, the entire sub-guideline algorithm
shown in Figure 3 can be collapsed into a single action
(Education and risk factor modification) in a higher-level
guideline. Similarly, the details of the “Smoking Cessation
Program” and “See NCEP Guideline” action steps are given by sub-guideline.
Macros are special kinds of steps that represent high-level
knowledge components that can be mapped to underlying
flowcharts of primitive GLIF steps (i.e., action, decision,
patient state, branch and synchronization steps). For example, an Arden macro in GLIF contains evoke, condition
and action slots, that specify the information that is necessary to instantiate the sequence of a case step followed by
an action step. Macro steps let the guideline author represent the guideline in terms of high-level constructs instead
of using primitive GLIF steps. This helps to control the
complexity of the guideline and to aid in its understanding.
Views are filters that collapse segments of the guideline
into a default view that is customized to a given kind of

We have presented requirements of a sharable CIG model
that are important for the development stage of a guideline.
They were part of a set of requirements that were proposed
by participants of a workshop entitled “Towards representations for sharable guidelines”, that gathered 80 stakeholders from the CIG community [15].
The requirements encompass the entire life cycle of CIG:
development, implementation, use and maintenance. In this
paper we have focused on requirements that are important
during the development life cycle stage of a CIG model,
abstracting requirements into two groups: those that define
the expressive power of the guideline model, and those that
define the ability of the guideline encoding to be comprehended easily. Both categories are important for sharing
CIGs. An expressive model is necessary so that the guideline model can represent all knowledge components and
decision-support tasks of different guidelines. Comprehensibility is desirable for guideline authors and users who
want to follow the guideline’s logic.
The other life cycle stages of a CIG, implementation, use
and maintenance entail other requirements. One of the
most important requirements at these stages is the development of a standard interface to medical data that will
allow mapping of guideline variables and action specifications onto EMR codes and methods. Other requirements
include the ability to adapt the guideline to site-specific
constraints, provide version control, and support different
usage modes and user interfaces. GLIF is still a developing
methodology. We do not have experience yet in the im-

plementation and use of GLIF encoded guidelines in medical institutions.

Critiquing of Time-Oriented Clinical Guidelines. Artificial Intelligence in Medicine 1998;14:29-51.

We believe that any robust guideline representation format
should support the requirements presented in this paper.
We illustrated how these requirements are met by GLIF.
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