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Abstract

This document specifies the representations used to represent clinical guidelines in the Protocure 11
project. The original guideline is in English. It is first translated to the intermediate representation
MHB. This version is translated to the plan representation Asbru which is again translated to the
temporal logic KIV.

Asbru and KIV have already been applied in Protocure 1. To complement them, an intermediate
representation was designed which bridges the gap between the original guideline in English and
Asbru. It models the content of the guideline as groups of chunks. Each chunk has different
aspects which are structured in eight dimensions. The development of this new representation is
described in detail in this document. For Asbru and KIV we give an overview and refer to the
existing corpus of literature.
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Chapter 1

Specification of Intermediate
Representation

1.1 Introduction

This chapter describes the background and details of the intermediate representation which was
developed as part of workpackage 2 of the Protocure II project.

The remainder of this section gives motivation and aims for this development. Section 1.2
describes the background. Section 1.3 describes the intermediate representation in full detail.
Finally, Section 1.4 describes performed and planned evaluation of this representation.

1.1.1 Motivation

To bridge the gap between original and Asbru version. Previous experience in translating
a guideline into Asbru (e.g., during Protocure I) showed that it is very difficult to accomplish
this task in a single step. Therefore, the first aim is to define (at least) one intermediate step
in the transformation of a guideline written in natural language (narrative, tables, figures) into
Asbru with keeping further translation to KIV in mind. A natural solution is the invention of an
intermediate representation which represents the content more concise and structured than natural
language but less precise then Asbru or another formal guideline representation.

To be independent from the formal representation used. Related to the first aim is the
assumption that the intermediate representation would be independent from the formal guideline
representation, which is Asbru in this project. This should decrease the amount of training required
for the person who creates the intermediate model. It also would allow for a separation of the issue
of creating a (more) formal model of the guideline from Asbru-specific issues. This hope implies
that some difficulties are induced by Asbru and which are not present in other representations or
which need not be addressed in a less precise representation.

An intermediate representation covering the capabilities of several formal representations would
form a suitable basis to discuss the strength and limitations of different guideline representations
for a given guideline. However, such a comparison is not part of Protocure II. Instead, we show
how the intermediate representation described in this document maps to different guideline rep-
resentations.

To support human-readable, living guidelines. In the Protocure II project we develop
support for the development of living guidelines. Therefore, the target of the modeling process
is both a formal representation of the guideline and a printed guideline in natural language in a



format optimal for the distribution among human readers'. At the same time, we believe that
formal modeling helps to improve the quality of a guideline. As a consequence, the modeling
process becomes bi-directional — from informal to formal and back to informal.

Another important aspect in related to living guidelines is computer support for frequent
revisions and different versions of the guideline to minimize the work load associated with building
a new version of the guideline based on an existing one.

1.1.2 Aims

The threefold motivation above results in a broad range of aims. They are described in the follow-
ing in the order of the corresponding motivation. Note that many of these aims are contradicting
— therefore any solution will be a compromise between them.

Simplicity. Annotating a guideline should be easy to learn and the resulting representation
should be easy to understand by persons not familiar with the syntax.

Richness. While being simple to understand, the representation must cover all relevant aspects
of a guideline in a degree of detail which significantly supports the creation of a formal version
(e.g., in Asbru) afterwards.

Support of dual structure of guideline. The structure of the natural language text version
of a guideline is optimized for human readers. The structure of the formal version of a guideline is
organized according to the procedural decomposition of the described processes. These structures
do not meet at all. The structure of the intermediate representation must, therefore, close this
gap in a flexible way.

1.2 Background

This section describes the background for the development of the intermediate representation.

Section 1.2.1 contains various issues of the Protocure II project which are relevant for the
intermediate representation. Section 1.2.2 explores the structure and content of the type of guide-
lines modeled in this project. Section 1.2.3 describes the AGREE instrument for the appraisal
of guideline quality. It forms an important background for the work described here, since one
aim is to improve the quality of guidelines. Section 1.2.4 describes existing formal representations
for guidelines other than Asbru. Our intermediate representation is designed to bridge natural
language guidelines to these, too.

1.2.1 Development background

This section briefly describes various aspects which influence the work described here. First, the
plan representation language Asbru is used in Protocure II. It is described in detail in Chapter 2
of this deliverable. Still, the most important aspects are given in the following subsection.

Second, to understand the work with the intermediate representation, the tool which is used
— the Guideline Markup Tool (GMT) — is briefly described. See deliverable D2.3a for a full
description of the GMT.

Third, some aspects of the guideline design process which are relevant for the design of the
intermediate representation are described. The development process of living guidelines is explored
in detail in deliverable D1.3.

1For the presented work it is not important whether the reader of the guideline is a physician, a nurse, or a
patient. It is of course for the authors of the guideline who will be well aware of the different background of different
groups of readers. However, this does not influence issues of intermediate representation. Support for the authoring
of parallel guideline versions for different groups of readers is not within the scope of our project.

Also not in the scope of this project is natural language processing or natural language generation



Asbru

The formal representation used in Protocure I was Asbru light, i.e., a subset defined for the needs
of that project.

Asbru is designed to represent protocols rather than guidelines. Guidelines are ” Systematically
developed statements to assist practitioner and patient decisions about appropriate healthcare for
specific clinical circumstances” [4]. Protocols are local tools that set out specifically what should
happen, when and by whom in the care process. They can be seen as the local definition of
a particular care process derived from a more discretionary guideline. Protocols reflect local
circumstances, and variation will be due to the differing types of local provision. Although there
is a difference between protocols and guidelines, Protocure I proved that not only protocols but
also guidelines can be represented Asbru.

Chapter 2 contains an introduction to the parts of Asbru. Full details can be found in [9].

The Guideline Markup Tool — GMT

Authoring and maintenance of guidelines need methods and tools to support them. The tool which
is used to generate and maintain the guideline’s version in intermediate representation forms an
important background for the design of the representation itself. This tool is called Guideline
Markup Tool (GMT) developed during Protocure II.

GMT is a tool that helps translating guidelines in free text into Asbru, by providing two main
features: (i) linking between a textual guideline and its formal representations, and (ii) applying
design patterns in the form of macros. Firstly, GMT allows the definition of links between the
original guideline and the intermediate representation, which gives the user the possibility to find
out where a certain value in the Asbru notation comes from. Therefore, if someone wants to know
the origin of a specific value in the XML file containing the intermediate representation, the GMT
can be used to jump to the correlating point in the HTML file where the value is defined and the
other way round.

The second main feature of the GMT is the usage of macros. A macro combines several XML
elements, which are usually used together. Thus, using macros allows creating and extending
XML containing intermediate representation files more easily through the usage of common design
patterns. Such design patterns are often used behaviors, which can be found in guidelines.

Through these two features, GMT is able to support the following tasks:

Authoring and augmenting guidelines. We want to be able to take a new guideline in plain
text and create an (XML-based) intermediate representation of it, and to add links to the
corresponding parts of a guideline to an already existing XML file.

Understanding intermediate representations of guidelines. For an guideline in interme-
diate representation, we want to be able to see where values in the different parts of the
intermediate representation come from, and how parts of the original text were translated
into it. This is important not just for knowledge engineers, but also for physicians wanting
to develop an understanding of the intermediate representation.

Structuring the syntax. The GMT provides a structured list of elements of the target language,
which is the intermediate representation in our case — the macros — that needs to be done in
a way that best supports the authoring of plans. This list will also provide a good starting
point for teaching material and possible subsets of the language for special purposes.

These feature releases the intermediate representation from two objectives: First, the original
text parts need not be stored as part of the intermediate representation elements. Instead, the
links clearly show the source of each element in the intermediate representation. Second, there
is no need to produce a guideline in natural language from the intermediate representation, since
the original text remains unaltered, accept for the insertion of links which are easily hidden.

Details on the GMT are given in Deliverable D2.3a ”Mark-up and editing tool” available at
WWw.protocure.org.



Process-related aspects

The transformation of a narrative guideline into a formal representation such as Asbru is performed
in three steps.

1. A guideline developer produces intermediate representation from the original text guideline,
marking up every bit of the guideline in as much detail as he or she can find.

2. A knowledge engineer together with a guideline developer who is familiar with clinical al-
gorithms complements the intermediate representation to form a complete algorithm. At
this time, missing information is acquired from physicians and added in an appendix to the
original guideline, therefore clearly maintaining the difference in status of the two sources of
information.

3. A knowledge engineer familiar with the target formal representation (e.g., Asbru) builds a
formal model of the guideline based on the intermediate representation.

In practice, several back loops will be necessary, but their amount will clearly decrease with
increased familiarity with the process and the demand from the further steps in the process. E.g., it
is unlikely that a person without any knowledge of Asbru will provide all the required information
in step 2, but it is very likely that the effort of learning about the requirements for Asbru modeling
is a fraction of learning Asbru.

The guideline is represented in four different forms: natural language, intermediate representation,
Asbru, and KIV. For each of the three pairs of neighboring representations in this line of abstrac-
tion, parts of each side can be associated with each other using the Guideline Markup Tool. It
inserts a special markup into each of the files which contains a reference to the other side.

The natural language version of the guideline is structured in a way which accommodates the
readers, i.e., developers and users of the guideline. In contrast, the Asbru version of a guideline is
structured as a hierarchy of plans with a top-level plan representing the activity described in the
guideline and sub-plans describing the steps to perform in increasing levels of detail. Therefore,
the structure of this version of the guideline is dictated by the logical layout of the processes taking
place.

The layout of the guideline in intermediate representation can be freely chosen by the knowledge
engineer. It will first follow the original text of the guideline closely. After a first walk-through,
the concepts and processes described will be refined in order to make them precise enough for
formal representation and to close gaps in the original guideline. In the course of this process,
parts of the guideline in intermediate representation will be moved around to follow the logical
structure of the guideline. Still the connection to the natural language text will always be clear
due to the special links between the two documents. The natural language text version is not
altered, except for the insertion of links (which can be hidden from a reader).

If the analysis during the modeling process hints at some rearrangement of the original text,
it can immediately take place without any consequences on the links?.

Guidelines often lack information which is necessary to form a complete formal model of the
described topic, as would be necessary to build a domain model. This is not an error, since such
information is assumed to be known by any person reading and applying the guideline. Still, it is
not available to the computer program executing or verifying the guideline. And it is not the aim
of the guideline formalization process to create such a domain model.

Most naturally, such added knowledge must be marked as not being part of the guideline. And
it should be described as precise and comprehensive as possible. Both can be achieved by adding
natural language text containing additional information as an appendix to the original guideline.
This shows the domain experts reviewing the guideline, which assumptions were made in building

2If a group of words is linked to a concept in intermediate representation and only some of these words are
moved to another place, then both parts of the word group will be linked to the concept.



the formal model, i.e. these assumptions undergo reviewing, too (if somewhat more informal). In
the intermediate representation version of the guideline, links to the appendix are formally treated
just as others on the technical level, but pointing to the appendix distinguishes them from those
links pointing to the guideline proper.

As a result of the discussion process, some parts of the appendix might become part of the
official guideline, which — on the technical level — would be just a move of paragraphs in the natural
language document.

The same holds for clinical algorithms (also called flowcharts) which may first be represented
in intermediate representation in order to match the demands of the more formal Asbru repre-
sentation. Such parts of intermediate representation should also be linked to comments in the
unofficial appendix. If the algorithm is included in the official guideline latter, the comments from
the appendix will be restated if necessary and moved to an official part of the guideline. As of
this writing it is not planned to support any XML representation of flowcharts but they can be
described fair enough in HTML to guide the person drawing them for the final version of the
guideline.

1.2.2 Structure and content of natural language guidelines

This section describes the structure and general features of the content of guidelines we are dealing
with in our project. The guideline modeled during Protocure II is the Dutch Guideline for the
Treatment of Breast Carcinoma [6]. Therefore, the following observations are mainly based on
breast cancer guidelines from CBO, with backing from other guidelines we previously modeled or
studied.

Structure-related aspects

Information in a guideline appears in various forms.

Narrative text. Concerning the quantity, the most important part of a guideline is narrative
text. It contains the scientific justification and other considerations for the recommendations,
historical and general comments. The reason behind this text is to assure the correctness and
appropriateness of the recommendations to the interested reader. Narrative text will be found
mainly in the paragraphs named: ”scientific justification” and ”other considerations.”

Summary statements of the evidence. The heart of an evidence-based guideline are concise
statements for which there is a certain, clearly defined evidence. They consist of a short paragraph,
an indication of the grade of evidence for the statement in the paragraph, and a list of references to
literature, grouped by the degree of evidence they provide. The styling of each summary statement
is designed in a way which makes it stand out of the surrounding text and which separates one
statement from the other.

Recommendations. This is the most important part of the guideline. Summarizing the nar-
rative text, the recommendations form less than one page per chapter of the guideline. They are
free text, with a relatively high fraction of bullet lists. The styling of each recommendation is
designed in a way which makes it stand out of the surrounding text.

Diagrams of clinical algorithms. Some guidelines contain diagrams — often referred to as
flowcharts — which display important or easy to algorithmically structure parts of the clinical
algorithm. While these diagrams rarely match the precision of flowcharts in computer science, the
guideline authors successfully use them to point out important aspects in an algorithmical way.

Literature references. At the end of each chapter or at the end of the guideline, the used
literature is listed in a standard way (e.g. Vancouver style), without additional information about
content or degree of evidence.



Tables. Some guidelines contain tables to summarize important aspects (similar to a clinical
algorithm) or to provide a large amount of detailed information in an efficient way, such as drug
administration.

Evidence Tables. Some guidelines contain tables to summarize the scientific literature used as
justification for the recommendations. This provides a large amount of detailed information in an
efficient way.

Illustrations. In some cases there are various illustrations depicting something which is de-
scribed in the text.

Analyzing the content

Being aimed at synchronizing the knowledge of their readers, the guideline typically spans a bow
from the importance of the topic and recent developments to concrete discussion of diagnosis and
therapy, finishing with organizational, psychological and other aspects.

Dimensions of statements. In each part, each statement plays one or more roles in the narra-
tive or explanation process. Furthermore the contained information can be interpreted on various
levels. The dimensions of each statement which are described in the following are a way to break
down its complexity into manageable parts. While this section only gives a brief overview, Section
1.3 features a detailed discussion of each of them.

Control flow. One aspect of a guideline is that it tells the reader when to do what. Both when
and what need not be too precise, but it is clear that these pieces of information together form
a directive for the reader’s actions. The completeness and vagueness of these directions forms an
important part of our research, since often it is impossible or not advisable to specify action too
precisely, while on the other hand unambiguous directives are an attractive goal. Examples are
given in Section 1.3.

Data dimension. The description of the data processing is interwoven with control flow. It is
involved both in the diagnosis and treatment of the patient. While in descriptions of the treatment
of diseases the necessary information is often implicitly assumed to be available, the diagnosis part
often contains detailed descriptions. While control flow describes the activities for gathering of
information, data flow describes how one piece of information is abstracted from other ones.

Temporal dimension. Both data and control flow may have temporal aspects. These refer to the
time during which an action should be taken, or for which a certain abstraction is valid.

Modeling the temporal dimension of processes, measurement, effects, and intentions is one of
the outstanding features of Asbru and we are confident to improve the quality of protocols and
guidelines by making this often implicit information explicit.

Evidence. Many, but not all statements in an evidence-based guideline contain references to
literature which provides the evidence for them. These references may or may not be annotated
by a certain grade of evidence. Another form of expressing the degree of evidence is the usage of
words like "can” or phrases such as ”is likely” (compare example 3 below).

Background information. Guidelines contain a considerable amount of information which is neither
directly nor indirectly part of a directive of actions or analysis steps (in diagnosis). Instead, it
informs the reader in a general way. The rational behind it ranges from motivation of the reader
to follow the recommendations to didactical considerations.

Resources. Each action in diagnosis and treatment consumes resources: It takes time of health care
staff, it causes patient discomfort of varying degree, and it bears financial cost. In this context,



”doing nothing”, i.e., waiting is considered as an action. The same holds for diagnosis steps. On
the other side, the health of the patient can be considered as a resource which is improved by most
treatment action — often at distinct levels.

Document structure. While the position of a sentence in the guideline document could be consid-
ered to be a matter of layout only, its status (scientific justification, evidence-based conclusion,
recommendation) certainly forms an important context of its interpretation.

Diverse knowledge modeling aspects. There are several aspects in the statements of a guide-
line beyond those listed above which need to be pointed out.

Negative knowledge. Statements about the inappropriateness of certain actions form an important
part of a guideline. Also, statements about lack of evidence are important information as in
example 1 below.

Incomplete knowledge. Large parts of the medical knowledge are known in their qualitative form
but not in quantity (compare example 2 below). It is important to know this fact and to distribute
it in guidelines, but neither the importance of the contribution, nor the certainty or the extent of
the effect are known.

Non-imperative conclusions or recommendations. Example 3 shows a conclusion which is not im-
perative. While it is easy to include a series of tokens for various forms of vague conclusions,
such as ”can” and ”seen important”, their translation into any formal representation will cause
problems. While this can be considered a problem of the formal representation, not of the in-
termediate representation, it is worthwhile remembering that nuances defined in the intermediate
representation may get lost in the further translation to a formal representation.

Events and actions. Some proceedings have identifiable actors such treatment steps — they are
called actions in this document. Others do not have personalized actors a disease, instead they are
a caused by cells or chemicals — they are called events in this document. Note that the temporal
dimension of these events is not described by a time point but by intervals, i.e., events have
durations — sometimes of significant extend.

The guideline most naturally describes both events and actions together. In a clearly written
guideline, it will always be obvious to which event or action a certain detail such as an observed
effect relates to. When modeling anything in the guideline as one group of plans (or happenings),
it can be difficult to describe the often unknown relations of all events and actions to each other.
While this again is mostly a problem of formal modeling, it will also appear when creating a
clinical algorithm using the intermediate representation.

Example 1 The five randomized clinical trials which investigated the value of adjuvant and/or
neoadjunctive treatment compared with locoregional treatment alone for unresectable locoregionally
advanced breast cancer, could find no survival benefit, not even in the long-term. First sentence
of Section 3.3 in [6]

Example 2 Adjuvant hormone therapy in locally advanced breast cancer results in improved survival
in the long-term. Section 3.3 in [6], last conclusion

Example 3 Physio-therapeutic intervention in the first month after azillary gland dissection can
be effective. Section 1.4, first evidence-based conclusion in [6]



1.2.3 The AGREE instrument

The AGREE instrument [3] was developed by a colaboration of guideline developing organizations
from ten European countries. It provides a framework for assessing the quality of clinical practice
guidelines and represents the current state of art of guideline evaluation in Europe.

One way to look at the intermediate representation is to see it as a means to improve guideline
quality and therefore increase the score of a guideline in quality assessments. The following
examines the demands on a guideline set forth by the AGREE instrument.

The guideline is rated as a whole for 23 items which are grouped in six domains. Some of these
items are related to organizational issues such as stakeholder involvement which are beyond the
scope of our project. Others are more or less strongly related to representation issues.

In the following, each of the domains is briefly introduced and for those items, which relate
to our work, the potential influence on the intermediate representation and our contribution to
guideline quality are described.

For items where the AGREE instrument demands precise information about the guideline as
a whole, such as for the first two domains, it is clear that any guideline representation must
provide suitable slots where free text on these topics is store. However, our current focus is on
representing the body of the guideline which seems more complex than storing a list of top-level
guideline features.

Scope and purpose

This domain is concerned with the overall aim of the specific clinical questions and the target
patient population.

The quality of the guideline is defined by the question, whether these three topics are specifically
described in the guideline.

Stakeholder involvement

The focus here lies on the extent to which the guideline represents the views of its intended users.
This involves composition of the consortium, integration of patients’ views, clear definition of
target users of the guideline, and piloting of the guideline among end users.

Rigor of development

This relates to the process used to gather and synthesize the evidence, the methods to formu-
late the recommendations and to update them. To some of these items in this domain we can
make contributions while others refer to using systematic methods for the search of evidence and
describing them, plus external review of the guideline prior to publication.

Item 10. The methods used for formulating the recommendations are clearly described. This can
be understood in two ways: Either ”the methods are described on a general level”, or/and ”the
basis for the formulation of each recommendation is clearly documented”. Following the second
interpretation, the links between statements in the intermediate representation can clearly improve
the guideline quality. In the breast cancer treatment guideline, the summary recommendations
do not contain explicit references to anything - neither literature nor literature summaries in the
narrative.

Item 11. The health benefits, side effects and risks have been considered in formulating the rec-
ommendations. These aspects are modeled by our intermediate representation, compare Sections

1.3.6 and 1.3.7.

Item 12. There is an explicit link between the recommendations and the supporting evidence. In
the guideline modeled in this project, this is the case for the evidence statements and parts of the
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narrative, but not for the recommendations in the summaries. These links can be represented in
our intermediate representation.

Item 14. A procedure for updating the guideline is provided. Here, our work to support living
guidelines in general is the answer. However, issues of representation and editing of the guideline
are only minor in this process — frequent consultation of domain experts is the major issue.

Clarity and presentation

This domain deals with the language and format of the guideline. While the formulation of the
natural language sentences is on the border of the scope of our project, analyzing the content in
the course of modeling it in intermediate representation, Asbru, and KIV should bring a major
step forward in this domain.

Item 15. The recommendations are specific and unambiguous. and Item 16. The different options
for management of the condition are clearly presented. aim at the core issue of the Protocure
project.

Item 17. Key recommendations are easily identifiable While this is mainly a matter of text layout,
any support from the content side should be provided by the intermediate representation.

Item 18. The guideline is supported with tools for application. The intermediate representation
will not be an executable format. To arrive at an executable version of the guideline, it must be
modeled in Asbru (or another guideline representation), which will be done in the course of this
project. However, the execution environment used is for research purpose only and cannot be
employed at the point of care. Software which can be used by medical personal in daily practice
requires far more development resources than available in this project.

Applicability

This refers to organizational, behavioral, and costs implications of applying the guideline. While
this again are features of the guideline as whole, the intermediate representation’s attributes for
cost and resources can contribute to a precise statement about these issues.

Item 19. The potential organizational barriers in applying the recommendations have been dis-
cussed. In part, this is difficult to cover in the intermediate representation, since it is not clear
from looking at the guideline which recommendations will meet organizational barriers and which
will not. In part, this can be covered by adding information concerning resources in the interme-
diate representation.

Item 20. The potential cost implication of applying the recommendations have been considered.
From a modeling perspective, this is an easier version of the item before — every statement in
the guideline can have a cost attribute in the intermediate representation. Comparing the cost
of applying the guideline (which is precisely specified using the intermediate representation) with
the cost of not applying it will be nearly impossible, but often the evidence for the benefit of a
certain recommendation also includes information about the cost of not following it.

Item 21. The guideline presents key review criteria for monitoring and/or audit purposes. This
refers to the guideline as a whole and is not covered by the intermediate representation. However,
indicators can be modeled.

Editorial independence

The two items in this domain are concerned with the independence of the recommendations and
the acknowledgment of possible conflicts of interest from the guideline development group.
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1.2.4 Other Formal Representations of Guidelines
GLIF — Guideline Interchange Format

The authoring process. GLIF [7] supports representing guidelines in three levels of abstrac-
tion, marked by letters A to C. First, the guideline is authored at a conceptual level (A). This
level enables the guideline author to concentrate on seeing the guideline as a flowchart without full
details of decisions. The latter, together with patient data and iteration information are added
to reach level B. Mapping actions to institutional procedures at a certain site and patient data
references to a certain electronic patient data record leads to level C.

Representation of overall guideline features. Author information comprises authors, au-
thoring date, guideline version, guideline status (published or not, obsolete), and developing in-
stitution of the free text guideline, plus a similar set of encoder, encoding last modification data,
encoded guideline version, GLIF version used, representation status (of the syntax used), and
adapting institution for the encoding of the free text version in GLIF.

Logic-oriented aspects describe intention, eligibility criteria, exceptions form the guideline, data
items used by the guideline, and parameters passed to the guideline. Guidelines can be grouped
into guideline collections within which one guideline can call another and exchange data with
it. The data items are specified through ontologies which can be mapped to standard controlled
vocabularies. Also, the activities described in a GLIF guideline can be mapped to a Reference
Information Model such as that of HL7, which is also called Unified Service Action Model (USAM).

In addition, a list of supplemental didactic material can be given for each guideline.

Representation of guideline content. The guideline’s algorithm is composed of guidelines
steps. These can be either action, decision, branch, synchronization, or patient state.

Action. An action step specifies a set of tasks to be performed. Attributes are iteration informa-
tion, duration, triggering events, and associated exceptions. Actions can be nested. There are two
types of actions: medically-oriented and programming-oriented. Medically-oriented actions specify
a medical task as defined in the Reference Information Model (RIM) layer of GLIF’s data model.
Examples include diagnostic test order, drug prescription, referral, and scheduling. Programming-
oriented actions include sending messages, generating events, accessing patient data, assigning
values to variables, and calling a subguideline.

Decisions. Decision steps direct the control flow between alternative steps. There are two varieties:
case steps model deterministic decisions while choice steps model non-deterministic decisions. In
the first case, the condition is (automatically) evaluated and the appropriate option is taken. If
none of the options fit the data or if data is missing, a default action is chosen for continuation. In
the case of choice steps, more that one option can be chosen. In this case, the user has to choose
the option which is actually performed. The degree of preference can be modeled differently for
different types of choices:

e A rule-in choice defines two criteria: a rule-in and a strict rule-in. The first is a condition
which may hold for the choice to be applicable. The second is a condition which must hold.

e An array of criteria called KofNChoices where each criterion is associated with a weight.
The sum of all fulfilled criteria of a choice determines how it is ranked on the list of choices.

e Utility choices use either a decision analysis tree or an influence diagram to compute the
ranking of each option.
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Branch. A branch step models concurrency of multiple guideline steps, which may be performed
in parallel or in any order.

Synchronization. Synchronization steps are used in conjunction with branch steps. They mark the
place where the different branches of execution meet again and specify the conditions to proceed,
i.e., whether all, some or one of the preceding steps must have been completed before continuing.

Patient state. A patient state step labels its position in the guideline for two purposes. On the
one hand it shows the progress of the patient state. On the other hand, it serves as an entry point
of the guideline. This means that guidelines can be started at any place which contains a patient
state.

GEM — the Guideline Elements Model

The GEM project consists of the Guideline Elements Model itself, the editing tool GEM-Cutter,
and the quality evaluation method GEM-Q.

The authoring process. GEM [11] was developed by the Yale Center for Medical Informatics
as a means for the implementation of existing guidelines in a concrete care setup. This imple-
mentation takes place in three steps. First, the GEM document is created based on the original
guideline using the GEM Cutter. GEM is a XML-based syntax. The GEM Cutter resembles the
GMT, but it does not maintain links between fractions of the original text and the corresponding
GEM elements. The GEM document can be freely edited and no book keeping of these changes
is implemented, i.e., there is no measure for the authenticy of the GEM document. The elements
of the GEM document are then stored in a relational design database.

In a second step — named knowledge customization — meta-information is added. This process is
guided by a program called knowledge customization wizard. Examples of the added information
are details on data input for decision variables and adaptation of actions and directives to the
model of actions used in HL7. Besides adding meta-information, this step also comprises local
adaptation of the guideline and concrete implementation of abstract concepts in the guideline.

The third step in the guideline implementation process is Knowledge Integratio