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Preface

This book, “Computer-based Clinical Guidelines and Protocols: a Primer and Cur-
rent Trends”, is the result of the effort of the editors, started in 2006 with the organ-
isation of an ECAI-2006 workshop at Riva del Garda titled “Al Techniques in Health
Care: Evidence-based Guidelines and Protocols” and, subsequently, with the organisa-
tion of a workshop on “Computer-based Clinical Guidelines and Protocols (CCG’08)” at
the Lorentz Centre of Leiden University at the beginning of 2008, to bring together re-
searchers from the area of computer-based clinical guidelines and protocols with the aim
of informing both researchers and others interested in clinical guidelines and protocols
about the state of the art in this area. The ECAI-2006 workshop was a follow-up work-
shop from the “First European Workshop on Computerized Guidelines and Protocols”
held in Leipzig, Germany in 2000 and the “Symposium on Computerized Guidelines and
Protocols (CGP-2004)” held in Prague, Czech Republic in 2004.

With the current rise in the complexity and costs of health care, on the one hand,
and increasing expectations of society about what health care is able to deliver, on the
other hand, health-care professionals have developed a, sometimes urgent, need for care-
practice support. Clinical guidelines and protocols have become the main instruments
for disseminating best practices in health care. A clinical guideline gives general, usually
nation wide, recommendations and instructions to assist the medical professional and the
patient in decision making. In this book protocols are defined as local, specialised ver-
sions of guidelines, obtained in most cased by summarising information extracted from a
guideline and by adding more detail, for example with regard to actual drugs or doses of
drugs to be prescribed. As the detailed information may vary from hospital to hospital,
the clinical protocols will reflect these differences between health care organisations.

Clinical guidelines and protocols promote safe practices, reduce inter-clinician prac-
tice variations and support decision-making in patient care while constraining the costs
of care. In many cases, clinical guidelines and protocols have been useful in improving
the quality and consistency of health care, by supporting health-care quality assessment
and assurance, clinical decision making, work-flow and resource management. The ben-
efits of having access to clinical guidelines and protocols are widely recognised, yet the
guideline development process is time- and resource-consuming. In addition, the size
and complexity of guidelines remains a major hurdle for effectively using them in clini-
cal practice. Despite this, the number of clinical guidelines being developed and revised
by professional health-care organisation has been rising steadily.

At the time when this preface was written, clinical guidelines were still textual doc-
uments, available in the form of booklets; it is only recent that these booklets have also
become available in electronic form on the guideline-developers’ world-wide web sites.
Thus, present-day guidelines are still far removed from being ‘computer-based’. With the
now almost ubiquitous presence of information technology in modern society it is likely
that this will change, and that clinical guidelines will become computer-based in the very
near future. This development was already foreseen by a small number of researchers,
who started doing research in computer-based guidelines more than a decade ago.
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It has taken a relatively long period of time in comparison to other areas, such
as banking, before computers were accepted as valuable tools by medical doctors and
nurses for the clinical management of disease of patients. Many countries are now on
the brink of the wide-scale introduction of electronic patient records, which implies that,
after many centuries, paper will no longer be used to store patient information and that
computers will even become more important than they already are in health care. In this
context, it seems even more likely that clinical guidelines will become computer-based,
i.e., computer interpretable and executable. However, in order to make this happen, there
is still a large gap between the current practice of guidelines development, on the one
hand, and computer-based guidelines, on the other hand, that needs to be bridged. This
issue is addressed by some of the chapters in this book.

Many researchers expect that the computer-based development, use and dissemina-
tion of guidelines will have a positive effect on the time required for the development
of new guidelines and protocols, for the revision of existing ones, for deployment in
daily care and dissemination. Furthermore, computer-based methods are indispensable
for ensuring that guidelines are in agreement with the latest requirement for guideline
development.

This book brings together results from different branches of computer science (in
particular, artificial intelligence), medical informatics and medicine to examine cutting-
edge approaches to computer-based guideline modelling, verification and interpreta-
tion. Different methods have been developed to support the development, deployment,
maintenance and use of evidence-based guidelines, using techniques from artificial in-
telligence, software engineering, medical informatics and formal methods. Such meth-
ods employ different representation formalisms and computational techniques. As the
guideline-related research spans a wide range of research communities, a comprehensive
integration of the results of these communities was lacking. It is the intention of the pub-
lication of this book to fill this gap. It is the first book of its kind that partially has the
nature of a textbook.

The book consists of two parts. The first part consists of 9 chapters which together
offer a comprehensive overview of the most important medical and computer-science as-
pects of clinical guidelines and protocols. Not only are these chapters meant as a review
of the state of the art, since, in addition, these chapters indicate cross links between topics
and directions for future research. All chapters were written by authors with extensive
expertise in the covered areas. Topics covered are: guideline development and deploy-
ment in medical practice, guideline representation languages, guideline modelling meth-
ods, use of formal methods in guideline development, temporal aspects of guidelines,
planning, guideline adaptation, visualisation of guidelines and guideline compliance.

The second part of the book consists of chapters that are extended versions of se-
lected papers that were originally submitted to the ECAI-2006 workshop mentioned at
the beginning of this preface. These chapters will provide the reader detailed information
about actual research in the area by leading researchers.

Chapters in both parts of the book have been extensively reviewed and profited from
the feedback received in the writing process.
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Thanks should go to the people—unfortunately too many to explicitly mention here—
who helped in reviewing the various chapters included in the book and who provided
very useful feedback to the authors. Finally, we are grateful to the Lorentz Centre at
Leiden University for the facilities they offered in the process of completing the book,
without which it would not have been possible to achieve the level of quality we were
able to reach.

The Editors, 14th March, 2008,

Annette ten Teije, Silvia Miksch, Peter J.F. Lucas,
Amsterdam Krems Nijmegen
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Chapter 1
Guideline Development

Kitty ROSENBRAND', Joyce VAN CROONENBORG, Jolanda WITTENBERG
Dutch Institute for Healthcare Improvement CBO, Utrecht, the Netherlands

Abstract During the last decade many countries have become increasingly
interested in the development and use of evidence-based practice guidelines,
recognising that guidelines are key tools to improve the quality and
appropriateness of health care. They are considered to be the ideal mediator for
bridging the gap between the growing stream of research findings and actual
clinical practice. Systematic reviews of guideline evaluations have shown that
clinical practice guidelines can be an effective means of both changing the process
of healthcare delivery and improving outcomes. A review of 59 guideline
evaluation studies found that, in all but 4, statistically significant improvements
occurred in clinical practice after implementation [17]. A systematic review of 87
studies on the use of guidelines concluded that 81 studies revealed evidence of
improved patient outcomes [12].

Evidence-based guidelines are becoming an important and indispensable part of
quality healthcare because of their potentials to improve quality and also reduce
cost of health-care. Adherence to guidelines and protocols may reduce health-care
costs up to a 25% [11]. We will present an overview of the history of guideline-
development and give some widely used definitions of guidelines. Guidelines are
developed in a structured and systematic way, this process will be explained later.
Also implementation tools necessary to put the guidelines into practice in an active
way, will be discussed.

Keywords: guideline development process, evidence-based guidelines, clinical
indicators, quality assesment , guideline implementation, living-guidelines

Introduction

In 1977 the National Institute of Health (US) started with a consensus development
Program. Two years later the Canadian Task Force on the Periodic Health Examination
(now Canadian Task Force on Preventive Health Care) added the first “levels of
evidence” [9].

The Dutch Institute for Healthcare Improvement CBO started with consensus
guideline development in 1980. The 1st guideline on blood transfusion was published
in 1982. The Dutch College of General Practitioners has been developing primary care
guidelines since 1989. The Agency for Health Care Policy and Research (AHCPR,
now Agency for Health Research and Quality, AHRQ) started their National evidence-
based guideline program in 1989 until 1996. From 1996 on they write evidence reports,
which are the scientific basis for evidence based guideline development. Since the mid

Corresponding Author: Kitty Rosenbrand, Dutch Institute for Healthcare Improvement CBO,
Churchillaan 11, 3527GV, Utrecht, The Netherlands; E-mail: k.rosenbrand@CBO.NL
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nineties many organizations world-wide started guideline development programs, e.g.
the Scottish Intercollegiate Guidelines Network (SIGN), the National Institute for
Clinical Excellence (NICE), New Zealand Guidelines Group (NZGG), Guidelines
Advisory Committee (GAC) Canada, Current Care / Duodecim - Finnish Medical
Society, National Federation of Cancer Centres (FNCLCC) in France.

Traditionally, guidelines have been based on consensus amongst experts.
However, this process has its limitations, it usually only includes some but not all
perspectives and can lead to flawed conclusions because expert opinion does not
always reflect the state of current knowledge [2]. Furthermore, it is necessary for
research literature to be analyzed systematically in order to avoid biased conclusions
[34]. It is now widely accepted that guideline recommendations should be based on
systematic identification and synthesis of the best available scientific evidence. This
may be a daunting task given the size of research activity in some clinical areas. Next
to this trend of consensus to evidence based guidelines we see more changing trends in
time (see table 1), e.g. from monodisciplinary to multidisciplinary guidelines, focus
from development to implementation of guidelines etc.

From To
regional guidelines from national guideline
professional groups programmes
informal consensus evidence-based
monodisciplinary multidisciplinary

focus on development focus on implementation
limited life-expectancy ‘living guidelines’

paper versions Internet
guidelines for clinicians patient versions and patient

involvement

Table 1. Trends in guideline development

1. Definitions Guidelines and Protocols

There is some disagreement over which documents should be called guidelines; the
term often being used interchangeably with protocols when implying a greater degree
of compliance [35]. It has been suggested that the term ‘guideline’ be applied only to a
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systematically developed advisory statement devised according to validated scientific
methodologies [33].
There are several definitions for guidelines and protocols. Clinical practice
guidelines have been defined as decision tools to close gaps between current and
optimal practice [26], but they are also described as:
* mechanisms to improve the quality of health care and decrease costs and
utilisation [4]

* recommendations devised to influence decisions about health interventions [5]

* tools to outline procedures to be followed thus helping doctors make decisions
(30]

* processes to operationalise the implementation of evidence-based practice
[33].

A widely used definition of guidelines is that of the Institute of Medicine (IOM):
‘Guidelines are systematically developed statements to assist practitioner and

patient decisions about appropriate healthcare for specific clinical circumstances’.
[15].

CBO has specified the following so called ‘Haamstede’ definition [14]:

‘A guideline is a document with recommendations and instructions to assist the
medical professional and the patient in decision making, based on results of scientific
research followed by discussion and expression of expert-opinions, to make effective
and efficient medical practice explicit.’

The NZ Guidelines Group (NZGG) has a broad definition of clinical practice
guidelines:

‘Guidelines provide guidance in decision making at each level of interaction;
between health professional and consumer, between purchaser and provider, and
between 'funder’ and ‘purchaser’’

NZGG defines also different types of guidelines (http://www.nzgg.org.nz).

Consensus Based Guideline: The most common form of guideline developed is
agreement among a group of experts.

Evidence Based Guideline: Developed after the systematic retrieval and appraisal
of information from the literature. “They usually include strategies for describing the
strength of the evidence, and try to clearly separate opinions from evidence ...they
make statements not just about which of two treatment options is ‘better’, but quantify
the absolute differences in outcome, including both benefits and harms”.

Explicit Evidence Based Guideline: Developed as an evidence based guideline,
“...but also projects the healthcare outcomes (benefits, harms, utilization and costs) of

2

the change in practice on a defined population”.

Guidelines that have recommendations that are based on evidence are considered
to be of greater value to practitioners and consumers because the decisions are likely to
result in improved consumer outcomes [19].
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2. Aims of Guidelines

Guidelines are developed to summarise and synthesize knowledge and innovations in
medicine, to reduce variation in practice, promote evidence-based clinical practice and
satisfy the need for transparency and accountability. The ultimate goal of guidelines is
to improve the quality of patient health care [10]. However, guidelines are necessarily
general and there will be circumstances when their recommendations are not
appropriate for an individual patient. Healthcare professionals are expected to take
clinical guidelines fully into account when exercising their clinical judgement. The
guidance does not, however, override the responsibility of healthcare professionals to
make decisions appropriate to the circumstances of each patient, in consultation with
the patient and/or guardian or carer. Healthcare professionals should document the
reasons for not following a guideline.

3. Guidelines International Network (G-I-N)

The Guidelines International Network (www.g-i-n.net) is a major international
initiative involving guideline-developing organisations from around the world. G-I-N
seeks to improve the quality of health care by promoting systematic development of
clinical practice guidelines and their application into practice.

Over 70 organisations from 35 countries joined the Guidelines International
Network G-I-N, including national institutions from Oceania, North and South
America, Europe, and the WHO. Most GIN-members prepare evidence based clinical
practice guidelines, or actively promote the use of evidence in practice. One of the
priorities of the organisation is to share evidence tables and adapt guidelines for local
circumstances based on international evidence.

Although many countries have built up experience in the development, appraisal,
and implementation of guidelines, until G-I-N was founded there was no established
forum for collaboration at an international level. As a result, in different countries
seeking similar goals and using similar strategies, efforts have been unnecessarily
duplicated and opportunities for harmonisation lost because of the lack of a supporting
organisational framework. A baseline survey confirmed a strong demand for such an
entity. A multinational group of guideline experts initiated the development of a non-
profit organisation aimed at promotion of systematic guideline development and
implementation. An international guidelines forum to promote information sharing and
cooperation was proposed in 2001, building on existing partnerships in the guidelines
field. A multinational group initiated the foundation of the network and as a result the
Guidelines International Network (G-I-N) was founded in November 2002. One year
later the Network released the International Guideline Library, a searchable database
that now contains more than 4000 guideline resources including published guidelines,
guidelines under development, "guidelines for guidelines", training materials, and
patient information tools [36].

Examples of G-I-N members include:

The Scottish Intercollegiate Guidelines Network (SIGN): www.sign.ac.uk
National Institute for Health and Clinical Excellence (NICE): www.nice.org.uk
The New Zealand Guidelines Group (NZGG): http://www.nzgg.org.nz

The Dutch Institute for health care improvement (CBO): www.cbo.nl (in Dutch)
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4. Dutch Institute for Healthcare Improvement (CBO)

The Dutch Institute for Healthcare Improvement CBO, founded in 1979, is a not-
for-profit, national knowledge-, innovation- and implementation-institute that advises,
supports and trains healthcare providers (professionals, hospitals) encouraging their
collaboration aimed at achieving breakthrough results in the improvement of the
quality of patient care. The mission of CBO is to make a significant contribution to the
improvement of patient care in the Netherlands.

The aim of CBO’s guideline development program is to contribute to the quality

improvement, effectiveness and efficiency of clinical care for patients by changing
practice based on high quality information. This aim is realised by developing evidence
based national guidelines, which can be translated into protocols for local practice.
Guidelines are developed under auspices of the Medical Scientific Board of the CBO,
in close co-operation with the Order of Medical Specialists and the Scientific Medical
Societies.

5. Guideline Development Process of CBO

All members of G-I-N have their own methodology of evidence based guideline
development. Although they all embrace the same principles (i.e. systematic literature
search, evidence appraisal). See for an inventory on recent guidelines manuals the G-I-
N website *.

In the next paragraphs the methodology of evidence-based guideline development
of the Dutch Institute for Healthcare Improvement (CBO) will be described. The
methodology of other institutes can slightly differ. The authors thank the Scottish
Intercollegiate Guidelines Network (SIGN) as major text passages are derived from
their (English) guideline development handbook’.

5.1. Composition of the Guideline Development Group

The process of developing guidelines should include participation by
representatives of key groups and disciplines affected. Clinical practice guidelines
should be developed by physicians in collaboration with representatives of those who
will be affected by the specific intervention(s) in question, including relevant physician
groups, patients, and other health care providers as appropriate.

Establishing a multidisciplinary guideline development group is therefore
important to ensure that:

1. all relevant groups are represented, providing expertise from all stages in
the patient’s journey of care

2. all relevant scientific evidence will be located and critically evaluated

3. practical problems with using the guideline will be identified and
addressed

2

www.g-i-n.net/index.cfm?fuseaction=membersarea& fusesubaction=article&documentid=64 &articleID=170
? http://www.sign.ac.uk/guidelines/fulltext/50/index.html
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4. stakeholder groups will see the guideline as credible and will cooperate in
implementation.

CBO guideline development groups vary in size depending on the scope of the
topic under consideration, but generally comprise between 15 and 25 members. Care is
also taken to ensure that the group is balanced geographically, with representatives
from across the Netherlands.

Development of evidence-based clinical practice guidelines

Figure 1: CBO Guideline Development Cycle

5.2. Problem Analysis

For a schematic overview of CBO’s guideline development methodology see
figure 1. After the guideline development group has been initialised the group starts to
discuss the items the guideline should address. This so called ‘problem analysis’
consists of interviews or questionnaires with stakeholders, disciplines affected and
patient groups. Results of the analysis consist of medical, organisational and patient
issues to address in the guideline to be developed.

5.3. Formulation of Key Questions

The training in critical appraisal and guideline development offered to members of
CBO guideline development groups encourages them to break down the guideline
remit into a series of structured key questions that clearly identify the population
concerned, the intervention (or diagnostic test, etc.) under investigation, the type of
control used, and the outcome measures used to measure the effectiveness of the
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interventions. These questions then form the basis of the literature search, which is
undertaken by a CBO information- specialist.

5.4. Literature Search

The search must focus on the best available evidence to address each key question,
and should ensure maximum coverage of studies at the top of the hierarchy of study
types*. Study types include:

Meta-analyses, and systematic reviews*
Randomised controlled trials*
Observational studies

Diagnostic studies

Economic studies

Qualitative studies

Guidelines

NNk =

In order to minimise bias and to ensure adequate coverage of the relevant
literature, the literature search must cover a range of sources. Sources can include: the
Cochrane Library, Medline, Embase, the Internet, etc.

5.5. Critical Appraisal of Selected Literature

Once papers have been selected as potential sources of evidence, the methodology
used in each study is assessed to ensure its validity. The result of this assessment will
affect the level of evidence allocated to the paper, which will in turn influence the
grade of the conclusion that it supports (see later this paragraph).

The methodological assessment of studies in the guideline is based on a number of
questions that focus on those aspects of the study design that research has shown to
have a significant influence on the validity of the results reported and conclusions
drawn. These questions differ between study types. A range of checklists is used to
bring a degree of consistency to the assessment process. Checklists are available at the
website of CBO .*

5.6. Summary of Literature in Evidence Tables

Evidence tables are compiled based on the quality assessments of individual
studies. The tables summarise all the validated studies identified from the systematic
literature review relating to each key question. They are presented in a standard format
to make it easier to compare results across studies, and will present the evidence for
each outcome measure used in the published studies. These evidence tables form an
essential part of the guideline development record and ensure that the basis of the
guideline development group's recommendations is transparent.

* http://www.cbo.nl/product/richtlijnen/handleiding ebro/article20050427141202/view
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5.7. Writing Draft Guideline

To make the guideline development steps transparent to the reader CBO uses a
standard format for the guidelines. This format includes the following elements:
* Key question to be answered
¢ Summary of the evidence, preferably using
* Evidence tables
*  Conclusion(s) including level of evidence
*  Other considerations, e.g.
*  C(Clinical relevance and safety
*  Patient’s perspective
*  Organisational consequences
* Recommendation(s)
*  References

5.8. Grading of the Evidence

Clinical guidelines are only as good as the evidence and judgments they are based
on. Not all evidence used in a guideline is of the same strength and quality. To make
this transparent the evidence is graded. Since the 1970s a growing number of
organisations have employed various systems to grade the quality (level) of evidence
and the strength of recommendations. Unfortunately, different organisations use
different systems to grade the quality of evidence and the strength of recommendations
[23, 24, 25].

In 2000 an informal collaboration of people with an interest in addressing the
shortcomings of present grading systems in health care started the Grading of
Recommendations Assessment, Development and Evaluation (short GRADE) Working
Group. Their aim is to develop a common, sensible approach to grading quality of
evidence and strength of recommendation [3].

At CBO individual studies and conclusions (summary statements) based on those
studies are graded according to the system below (see figure 2). The grading of
individual studies is based on study design and methodological quality. Grading of the
conclusions, includes the number and type of individual studies that support the
conclusion. CBO only grades the evidence from literature, not the recommendation.
The recommendation is the result of balancing the evidence and other considerations,
such as patient views and applicability. Some other guideline developers do not use the
method of summary statements of the evidence, they grade the recommendations.

It is important to emphasise that the grading does not relate to the importance of
the recommendation, but to the strength of the supporting evidence and, in particular,
to the predictive power of the study designs from which that data was obtained. Thus,
the grading assigned indicates to users the likelihood that, if that recommendation is
implemented, the predicted outcome will be achieved.
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Figure 2: CBO level of evidence

5.9. Other Considerations

It is rare for the evidence to show clearly and unambiguously what course of action
should be recommended for any given question. Consequently, it is not always clear to
those who were not involved in the decision making process how guideline developers
were able to arrive at their recommendations, given the evidence they had to base them
on. In order to address this problem, CBO has introduced the concept of other
considerations [41]. Under the heading of other considerations, guideline development
groups summarise their view of the evidence in relation to clinical relevance, clinical
impact, safety, patient’s perspective, generalisability of study findings, organisational
and implementation consequences.

5.10. External Review

All CBO guidelines are reviewed in draft form by independent expert referees.
There are several ways to organise the external review:
1. Review of draft guidelines by scientific medical societies (paper or
internet)
2. National open meeting
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CBO organises the external review to discuss the draft recommendations of each
guideline. This takes place whilst the guideline is still in development and gives the
guideline development group the opportunity to present their preliminary conclusions
and draft recommendations to a wider audience. The benefits are twofold:

1. the guideline development group obtain valuable feedback and suggestions for
additional evidence which they might consider, or alternative interpretation of that
evidence

2. the participants are able to contribute to and influence the form of the final
guideline, generating a sense of ownership over the guideline across geographical
and disciplinary boundaries.

5.11. Guideline Endorsement and Publication

After the external review phase the guideline is finalised. The final guideline is
sent to all participating medical scientific societies to sign for the official endorsement
of the guideline.

All CBO guidelines and summaries of the guideline, along with any updates to
guidelines, are available free of charge on the CBO website: www.cbo.nl. In the past
also a printed edition of the guideline was published, but this is not common to date.

6. Examples of Guidelines

In this section, we will discuss two case studies that give an impression about the
structure of guidelines. First, we will discuss the guideline on the treatment of diabetes
mellitus type 2 (DM2). Then, the guideline on the treatment of breast cancer is
discussed. These guidelines are considerably distinct as the diabetes guideline is aimed
at the general practitioner, whereas the breast cancer guideline is developed for medical
specialists. As a result, the latter is more extensive in its justifications, whereas the
diabetes guideline contains more detail.

6.1. Diabetes Mellitus Type 2

In 2003, about 36 per 1000 men and 39 per 1000 women were diagnosed with
diabetes mellitus type 2 in the Netherlands. Worldwide, the prevalence of diabetes is
rising due to population growth, aging, urbanisation, and increasing prevalence of
obesity, and physical inactivity. An example of a part of a guideline is the following
(translated) text:

* refer to a dietician; check blood glucose after 3 months

* in case (1) fails and Quetelet Index (QI) <= 27, then administer a
sulfonylureum derivate (e.g., tolbutamide, 500 mg 1 time per day, max. 1000
mg 2 per day) and in case of Quetelet Index (QI) > 27 biguanide (500 mg 1
per day, max. 1000 mg 3 times per day); start with lowest dosage, increase
each 2-4 weeks if necessary.
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This guideline is particularly concise (about 3 A4 pages). While modern guidelines
can be as large as 100 pages, the number of recommendations they include are typically
few. In complicated diseases, each type of disease is typically described in different
sections of a guideline, which provides ways to modularise the guideline in a natural
fashion.

6.2. Breast Cancer

1.2 Diagnostic and treatment of operable invasive breast cancer

In this chapter, operable invasive breast cancer is used to describe: T1-2 NO-1 MO
breast cancer (UICC 2002).

1.2.1 Diagnostic procedures for invasive breast cancer T1-2 NO-1

Please refer to the CBO-guideline ‘Diagnostic procedures for breast cancer' (Spring
2000).

There are extensive options for investigating dissemination in patients with breast
cancer. The value of carrying out extensive diagnostic procedures in patients with
localised disease is questionable since metastases, if present, cannot be detected.

()

Conclusion

Level 3 For patients with T1-2 NO-1 breast cancer, preoperative
investigations to detect metastases are not beneficial.

C Samant, Ciatto, van der Hoeven

Recommendations

For T1-2 NO-1 breast cancer, preoperative investigations to detect metastases are not
recommended. Symptoms which may be indicative of metastases should be
evaluated. In the case of a high postoperative stage, investigations to detect
metastases may be considered.

Figure 3: Fragment of the breast cancer guideline
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In the Netherlands only, as many as 10,000 women are diagnosed with breast
cancer every year. For women, the chance of ever being diagnosed with this disease is
10%. Changes in DNA, in particular the genes that control the instructions for cells to
grow, divide, and die, may cause cancer; however, little is known under which
circumstances this actually happens.

The guideline that we discuss here is the 2004 version of the Dutch CBO guideline
on the treatment of breast cancer. This guideline is considerably more complex than the
diabetes guideline due to the fact that it was developed more systematically described
by the methodology in the previous section. The guideline is divided in several
chapters. The first chapter contains introduction; the other chapters have a specific
topic related to the primary topic which do not overlap with other chapters. All chapters
are divided in subsections that contain:

a. summary text, which normally serves as an introduction to the issues that follow
so that the reader is able to understand the arguments underlying
recommendations and conclusions;

b. conclusions: these are short summary statements of the important insight from
the literature, introduced in the preceding guideline text.

c. recommendations: these are statements pertaining to (medical) management
actions.

See Figure 3 with a fragment from this guideline.

The structure of these chapters obviously depends on the questions they want to answer
as described by the methodology. For each question the primary literature is listed
together with additional considerations. From the primary literature the most important
conclusions are given a ‘grade of evidence' and are put in a separate box, which is
based on the level of evidence of the individual studies. Finally, note that the
recommendations follow from the primary literature and the additional considerations,
i.e., not merely from the conclusions that are highlighted.

7. Implementation of Guidelines

There is no single answer to what is a successful implementation strategy although
the limited research carried out suggests a range of approaches is more likely to
succeed than a single approach. Ideally, the research literature should guide this phase
of guideline development but methodological limitations of the research base mean that
this is not necessarily possible. For example, problems of sample sizes, length of time
required before data analysis can begin, resources issues, and different health systems
often mean that their search cannot be transferred or generalised to other settings.
Numerous theories explain behaviour change and support the use of different
interventions to bring about modifications in practice. Which ones are as yet the most
effective and efficient is unclear [18]. Instead a number of different theoretical
approaches contribute to our understanding of the process of change. For a more
detailed summary of the change theories see [22].

To change behaviour is possible, but this change generally requires comprehensive
approaches at different levels (doctor, team practice, hospital, wider environment),
tailored to specific settings and target groups [20].
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Levels of implementation change that should be considered are:
* The practitioner — patient level e.g. changing clinician/patient behaviour and
attitudes
* At the systems level e.g. enabling clinicians to make changes easily by
providing access to computer decision support systems
* At the policy level e.g. by providing coverage decisions that enable access to
health interventions

Decision support systems include anything manual or automated that prompt
health professionals to perform a clinical action. Examples are reminders about
screening, laboratory reports where results to note are highlighted, follow up
appointment systems and stickers on charts. In particular, computerised decision
support systems have led to improvements in doctors’ decision making on drug dosage,
provision of preventive care and general clinical management of patients [27]. The
advantage of these systems is that they are fairly easy to implement and are available to
clinicians at the time required (so called ‘just in time reminders’, information is prompt
available at the moment the clinician is asking for it).

To achieve the objective “to assist practitioner and patient decisions about
appropriate health care for specific clinical circumstances" [15]. it is important not only
to develop valid guidelines by a sound methodology, but also to ensure the
implementation of the evidence-based recommendations. As one of a range of tools to
help health care professionals and organisations to improve clinical effectiveness and
patient outcomes, guidelines provide an opportunity for practitioners to improve shared
clinical decision-making, increase team working, expand their evidence-based
knowledge, and reduce variation in practice. They can also enable professionals to keep
up to date and to assess their own clinical performance against the recommendations
for best practice. However, there is often a gap between the development of guidelines,
as set out in the previous sections, and their implementation into practice. Just as
guidelines themselves help provide a bridge between research and practice, this
paragraph outlines the strategies that can assist practitioners, and health services to
bridge the gap between guideline development and implementation.

7.1. The GuideLine Implementability Appraisal (GLIA)

GLIA is a tool for appraisal of implementability of clinical guidelines, an
instrument designed to identify any potential obstacles to guideline implementation
[39]. GLIA may be useful to guideline developers who can apply the results to remedy
defects in their guidelines. Likewise, guideline implementers may use GLIA to select
implementable recommendations and to devise implementation strategies that address
identified barriers. By aiding the design and operationalisation of highly implementable
guidelines, application of GLIA may help to improve health outcomes, but further
evaluation will be required to support this potential benefit.
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8. Clinical Indicators

Clinical indicators give an indication of the quality of the patient care delivered. In
most health care systems, a consensus is emerging that there is a need for quality
measures. Various audiences may wish to use them to document the quality of care,
make comparisons (benchmarking), make judgments and determine priorities, support
accountability, support quality improvement, and provide transparency in health care
[40, 37]. Using clinical indicators is one way of measuring and monitoring the quality
of care and services.

8.1. Types of Indicators

Indicators can be divided in structure, process and outcome indicators. Structure
indicators give information of the (organisational) limiting conditions in which health
care is delivered. Examples of structure indicators are ‘percentage of teams for
diabetes care including a foot therapist’ or ‘existence of a stroke unit’.

Process indicators give information on actions performed in care processes.
Process indicators can be influenced directly; they measure how (often) something is
done. An example of this type of indicators is ‘percentage of diabetes patients getting
an annual eye test’

Outcome indicators give information on the outcome of care processes measured at
patient level. They depend on many factors and therefore are difficult to reduce to
actual patient care. An example of an outcome indicator is ° percentage of patients with
severe pain at 36 hours after surgery’.

8.2. Guidelines and Indicators

A well-founded judgement of quality of a specified care process is only possible in
a validated way (by indicators) by measurement of the quality criteria as described in
an (multidisciplinary) evidence-based guideline, authorised by medical scientific
societies. Ideally indicators are based on guidelines. However a good evidence based
guideline is not always available. In such cases indicators are based on the best
available evidence about the quality of care. Therefore indicators can be a starting point
for the formulation of a new guideline. Next to this the data collected by measurement
with indicators can give impulse to adjustment or actualisation of a guideline (living
guidelines).
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dicators
Contribute to the implementation and
adjusment of guidelines

development of indicatars

Figure 4: Relation between guidelines and clinical indicators

8.3. Use of Clinical Indicators

Traditionally indicators can be divided in “internal” and “external” indicators. The
goals of internal indicators is monitoring and improving care processes or professional
performance within the own organisation. By measuring performance on a continue
basis healthcare delivery can be examined critically or developments can be followed
(for example introduction of a protocol).

External indicators are used for being accountable to government institutions,
health insurance companies or consumers about the quality of care.

A good data registration is necessary for all types of indicators. Ideally data are
directly registered within the care process itself. However it is still daily practice that
data are often only registered in paper documents and rarely in a digital way. This costs
a lot of time and money. The collection of data for indicators is therefore often a
separate activity out of the primary care process (and therefore expensive). Besides
data registered in a digital way are requiring also effort to extract out of hospital
systems [29, 42].

8.4. Development of Indicators

It is imperative that clinical indicators are meaningful, scientifically sound,
generalisable, and interpretable. To achieve this, clinical indicators must be developed,
tested, and implemented with scientific rigor.

Indicators are selected from research data with consideration for optimal patient
care (preferably an evidence-based guideline), supplemented by expert opinion. In the
selection procedure, the feasibility, such as their measurability and improvability, is
important beside validity and reliability. A clinical indicator should be defined exactly
and expressed as a quotient. After a try-out, the measurements and reporting should
follow. The report contains an in-depth analysis of causal and contributing factors
associated with the measured results. A description of the clinical circumstances and a
correction for case mix should be included to allow for a justified interpretation.
Initially, when evidence links a process to better outcomes it may appear that the
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standard for a proportion of patients so treated should be 100%. However, there are
reasons why this is not always the case, depending on how well the denominator of
eligible patients can be defined. The indicators must be part of an improvement
strategy, for which comparison feedback is often used. Comparison with reference data
can be used to construct improvement programs [29, 42].

9. Quality Assessment of Guidelines — AGREE Instrument

Although the principles for the development of sound evidence-based guidelines
are well established, many published guidelines fall short of the internationally
consented quality criteria for their production and use. In response several national and
international initiatives have been working on programmes for the promotion of quality
in guideline development and use.

Guidelines should meet specific quality criteria to ensure good quality. Users
should be able to be confident that potential biases inherent of guideline development
have been addressed appropriately and that the recommendations for practice are both
internally and externally valid as well as feasible for practice [1]. However, recent
studies have reported that the methodological quality of many guidelines is modest and
is heterogeneous between the different guidelines and different guideline programs [7,
16, 28, 38]. Although clinical guidelines can provide a solution to some of the
important problems in patient care, there are issues that need to be tackled before
guidelines can achieve their full potential [21]. A set of criteria for high quality
guidelines was developed and validated by an international group of researchers and
guideline developers (the AGREE collaboration). Some cancer guidelines (including
those produced by the French National Federation of Cancer Centres — FNCLCC the
SOR) were used in the validation process for these criteria. Recommendations for
guideline developers will help researchers and practitioners in health care to develop
high quality guidelines for the management of their patients.

10. Research Agenda

Guideline developers must find a way to effectively communicate and work with
IT scientists to develop standards and protocols for the translation of (trans-) national
guidelines into electronic formats. In the longer term, so called “living guidelines” that
can be continuously updated and used by a number of different countries will be a great
advancement.

To be effective, there must be formal internationally agreed standards that allow
electronic guidelines to be shared and automatically updated [13]. To succeed guideline
developers need to work in close cooperation with designers and vendors of electronic
decision support systems and tools [6].

10.1. Living Guidelines

In the current scenario of guideline development, dissemination and deployment,
there is a major problem with clinical guidelines:
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Recommendations can be outdated or not applicable in practice, because most
guidelines are only revised every 5 years. In contrast with this, scientific and pragmatic
knowledge is growing faster every year. At this moment, a guideline is a static
document, which cannot be modified easily. This problem has led to a future challenge,
often referred to as “living guidelines”: Update of the guidelines on a more continuous
basis: clinical guidelines have to become flexible, adaptable documents. The aim is to
develop guidelines, which present up-to-date and state-of-the-art knowledge to
practitioners.

To make this possible, guidelines have to be modular in structure, so that only part
of a guideline can be adjusted and not the whole document needs revision. To make the
approach of living guidelines possible, there must be some major changes in the
guideline development process. Most guidelines are authored in an unstructured
narrative form. Computer-based support depends on a more formal, structured
representation, and can be used to address a number of challenges at all stages of the
guideline life-cycle: modelling, authoring, dissemination, implementation and update
(see figure 5). At this moment, guidelines are often multi-interpretable [31]. Also,
different guidelines can include the same modules, which can be in conflict with other
contents of the guidelines. Guidelines are complex documents. As a result, guidelines
can be ambiguous, incomplete and even inconsistent [32]. In the modelling phase of
guidelines, methods have to be developed to support this process. Also, terminology is
a problem here; precise, abstract definitions of core notions for medical management
are necessary.

In summary: to enable living guidelines, they must be developed in a more
structured way. Formal methods can be of help here. This will be an important first step
to enhance further computer-based support of guidelines and protocols.

The Protocure project presents our experience with applying formal methods to
medical guidelines.
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Abstract. Implementing Computer-Interpretable Guidelines (CIGs) in active
computer-based decision support systems promises to improve the acceptance and
application of guidelines in daily practice. The model and underlying language are
the core characteristics of every CIG approach. However, currently no standard
model or language has been accepted by the CIG community. This aim of this
chapter is to provide an overview of well-known approaches and to formulate a set
of (minimal) requirements that can be used in the process of developing new CIG
approaches or improving existing ones. It presents five CIG approaches (the Arden
Syntax, GLIF, PROforma, Asbru and EON), followed by a general discussion of
the strong points of each approach as well as their implications for future research.

Keywords. Computer-interpretable Guidelines. Knowledge Representation.
Decision Support Systems.

Introduction
Computer-interpretable Guidelines

During the last decade, studies have shown the benefits of using clinical guidelines in
the practice of medicine such as a reduction of practice variability and patient care
costs, while improving patient care. A variety of guidelines have been developed that
focus on different application domains as well as different modes of use.

Although the potential application of guidelines in daily care is enormous, a
number of difficulties exist related to the development and implementation of
guidelines. One of them is the interpretation of the content of a guideline: the exact
meaning of terms is not always defined, recommendations are not always clearly
articulated and sometimes vague wording is used. Most of these guidelines are written
down as large documents in a textual format, which are often cumbersome to read and
difficult to integrate and apply in the patient care process. Additional problems exist
also, related to the areas of maintenance (e.g., updating and versioning) and (local)
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adaptation (e.g., adapting national guidelines to local protocols). Although the
importance of guidelines is increasingly recognised, health care institutions often pay
more attention to guideline development than to guideline implementation for routine
use in daily care.

Implementing guidelines in active computer-based decision support systems
promises to improve the acceptance and application of guidelines in daily practice
because these systems are able to monitor the actions and observations of care
providers and to provide guideline-based advice at the point of care. It is stated that
(guideline-based) decision support systems are in fact necessary for the future of
medical decision making in general [1].

These so-called Computer-Interpretable Guidelines (CIGs) are increasingly applied
in diverse areas and many parties are developing CIGs as well as decision support
systems that incorporate these guidelines, covering a wide range of clinical settings and
tasks (an overview can be found on OpenClinical [2]). Despite these efforts, only a few
systems progressed beyond the prototype stage and the research laboratory. Building
systems that are both effective in supporting clinicians and accepted by them has
proven to be a difficult task.

Various questions arise when developing and implementing CIGs, such as:

e How to represent and share various types of guidelines using a formal and

unambiguous representation;

e How to acquire, verify, localize, execute and evaluate formalised guidelines

and support systems in daily practice;

e How to interface guideline-based decision support systems with external

patient information systems;

e How to provide decision support to a care provider in daily practice.

Although these are all relevant and important questions, this chapter will focus
mostly on the first questions, namely with respect to the issue of representing and
sharing CIGs using a formal model. More information on other issues concerning the
development and implementation of CIG decision support systems is described
elsewhere [3].

CIG Approaches

Nowadays, many approaches exist for specifying CIGs, each with its own motivations
and features [4]. For example, some approaches focus more on guideline
standardisation and interoperability, while others focus more on guideline development
or decision support. These different foci have their implications for the representation
of CIGs.

This chapter will present and discuss a number of well-known CIG approaches,
with the goal of providing a general comparison and discussion in order to identify the
strong points of the various CIG approaches. Based on known approaches, reviews [3,
4, 5-8] and own experiences, it is possible to define the functionality of CIG
approaches in terms of a two main characteristics: the underlying model and the
language in which guidelines are specified.

The model is the core characteristic of every guideline approach. It must be able to
represent various kinds of guidelines that may differ considerably in complexity and
level of abstraction, for example by means of nesting or decomposition. The model
must contain a set of building blocks used to construct guidelines, such as tasks, rules,
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nodes or frames. For example, most approaches model guidelines in terms of a Task-
Network Model (TNM): a (hierarchical) model of the guideline control flow as a
network of specific tasks (e.g., flowchart) [6]. TNMs are typically based on a standard
repertoire of generic tasks such as decisions and actions. The model must be expressive
enough to represent these various aspects. Also, guidelines contain a number of
different knowledge types such as declarative knowledge (e.g., domain-specific
knowledge) and procedural knowledge (e.g., inference or the method of decision
support). The model must support these types of knowledge and should model them
separately to support guideline sharing and to ensure that guidelines can be used in
multiple clinical domains and in various modes (e.g., proactive vs. reactive use) [9].
The model should also support aspects related to didactics and maintenance: as the
content of a guideline is not static but may change over time, the representation must
be able to store didactic and maintenance information such as author names, versioning
information, purposes and detailed explanations.
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Figure 1. History of CIG approaches, positioned on a time axis (adapted from
Elkin et al [10])

The guideline model should be supported by a formal language (vocabulary, syntax and
semantics) which specifies the actual guidelines in terms of the above-mentioned
model constructs. Usually, such a language consists of two parts: a control-flow
language and an expression language. The control-flow language usually specifies the
guideline structure (flow) in terms of constructs of the model (e.g., the various tasks of
the above-mentioned TNM), whereas the expression language usually describes
decision criteria (e.g., ‘is the patient older than 65 years’). This formal language
(including both parts) must be interpretable by automatic parsers. Preferably, each
approach should include a guideline execution engine, which incorporates such a parser
that is able to provide decision support based on the encoded guidelines.
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This chapter will compare and discuss a number of approaches in terms of these
characteristics. The approaches discussed in this chapter are selected on the basis of
information from OpenClinical [2] and the knowledge of the authors on existing
approaches. Inclusion of an approach was based on the following criteria. First of all,
as this chapter aims at identifying and discussing CIG approaches in terms of different
characteristics (e.g., model, language), we selected approaches that differ as much as
possible with respect to these characteristics. Furthermore, we used criteria such as
lifetime of the approach and number of publications and whether the approach is
considered generally as a ‘key’ approach. The final inclusion of an approach as a
relevant subject was based on a subjective decision. Therefore, although we recognize
that a number of other important approaches exist nowadays [2] such as PRODIGY,
GUIDE, Gaston, GLARE, SAGE, HELEN, DeGel and SEBASTIAN, we have limited
the number of refereed approaches (also to constrain the chapter’s size) to the
following five: The Arden Syntax [11], GLIF [12], PROforma, [13], Asbru [14] and
EON [15].

The remaining part of this chapter describes each of the five approaches, after
which all approaches are compared in terms of the above-mentioned characteristics.
The chapter finishes with a general discussion on guideline approaches, their strong
points and their implications for future research.

1. The Arden Syntax
1.1. Introduction

Named after the Arden Homestead Conference Centre, where the initial meeting was
held, the first version of the Arden Syntax was developed in 1989 [11] as a response to
the inability to share medical knowledge among different institutions. The Arden
Syntax is intended as an open standard for the procedural representation and sharing of
medical knowledge. It defines a representation for modular guidelines: Medical Logic
Modules (MLMs) [16]. The Arden Syntax focuses on the sharing of ‘simple’ modular
and independent guidelines (e.g., reminders). It is not designed for complex guidelines
that for example address treatment protocols [17]. The Arden Syntax was accepted in
1992 as a standard by the American Society for Testing and Materials (ASTM). The
current version of the Arden Syntax is Arden 2.0 [18], developed and published by the
HL7 group. The Arden Syntax has been used by different institutions and companies to
develop and implement guidelines in multiple clinical settings.

1.2. Model

1.2.1. Medical Logic Modules

In the Arden Syntax, guidelines are modelled as (a collection of) Medical Logic
Modules (MLMs). Each MLM represents a single decision and contains slots that are
grouped into three categories: Maintenance, Library and Knowledge. The Maintenance
and Library categories describe the MLM’s pragmatics (e.g., title, version, explanation
and keywords) and the Knowledge category describes the logic of an MLM. Figure 2
shows an example of (part of) an MLM that warns a health care provider whenever a
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patient’s hematocrit value becomes too low. The remaining part of this section will
explain the various parts of an MLM in more detail.

maintenance:
title: Alert on low hematocrit;;
library:
purpose: Warn provider of new or worsening anemia.;;
knowledge:
type: data-driven;;
data:
blood count storage := event {'complete blood count'};
hematocrit := read last {'hematocrit'};
previous_hct := read last ({'hematocrit'} where it occurred before

the time of hematocrit);;

evoke: blood count storage;;

logic:
if hematocrit is not number then conclude false; endif;
if hematocrit <= previous_hct-5 or hematocrit<30 then conclude true;
endif;;

action:
write " The patient's hematocrit ("|| hematocrit |[|") 1is low or

falling rapidly.";;
end:

Figure 2. An example of an MLM

1.2.2. Maintenance and Library Slots

As MLMs are to be shared among various institutions, the Maintenance and Library
categories contain necessary documentation for each MLM. The Maintenance slots
include the MLM’s (file)name, author, version, institution, specialist, date of last
modification and validation status (e.g., ‘testing’, ‘research’, ‘production’ or ‘expired’).

The slots in the Library category are used for documentation and consist of the
MLM’s purpose, a more detailed explanation (which can for example be shown to
users when they receive MLM-generated messages) and a number of keywords (for
example used to categorize MLMs).

1.2.3. Knowledge Slots

The actual medical knowledge is stored into the Knowledge category. This category
consists of five mandatory slots (type, data, evoke, logic and action) and two optional
slots (priority and urgency). Of these slots, the most important ones are data, evoke,
logic and action.

The data slot is used to obtain the values of concepts that are mentioned in the
MLM from local clinical information systems such as Electronic Patient Record (EPR)
systems. For example, the line ‘hematocrit := read last {'hematocrit'},' indicates that
the value of the concept ‘Hematocrit’ (used in the logical expression of the MLM in
figure 2) corresponds to the last hematocrit value in for example an EPR. The terms
between the curly braces are often institution-specific: the implementation and
integration of the actual interface techniques are usually left to the local institutions
[19].

The evoke slot specifies the context in which an MLM should be executed. MLMs
can be executed as a result of three different types of events: database operations,
temporal events and external notifications. The first one is most commonly used. For
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example, the MLM in figure 2 is executed as a result of the ‘blood count storage’
event (i.e., whenever a new blood count is added to the system’s database).

The logic slot contains the actual decision criteria that may lead to a certain action.
These logical expressions are implemented as production rules and contain concepts
that are defined in the data slot (e.g., ‘Hematocrit’). The Arden Syntax supports
various types of operators such as logical operators, list operators, temporal operators
and aggregation operators. The Boolean operators use a three-valued logic, in which
the value ‘null’ is considered as unknown. Whenever the rule’s premise is evaluated
‘true’, a particular action that is specified in the action slot is carried out. When the
premise is evaluated ‘false’ or ‘null’, the execution of the MLM ends.

Once the logical expression evaluates to ‘true’, the action slot is executed,
performing whatever actions are specified in this slot. Typical actions include sending a
message to a health care provider, adding an interpretation to the patient record,
returning a result to a calling MLM, and evoking other MLMs (nesting). For example,
the MLM in figure 2 writes a message to the standard destination, stating that the
patient’s hematocrit value is low or falling (the || operator is a concatenation operator,
inserting the actual hematocrit value of the patient into the message).

The TNM of a single MLM always consists of three steps: the evoke slot
determines whether the /ogic slot should be executed, which on its turn determines
whether the action slot should be carried out. Although it is possible for an MLM to
invoke other MLMs by means of the ‘call’ statement in the action slot, the approach
does not support a formal TNM to steer these invocations [20].

1.3. Language

The Arden syntax TNM is formally defined in Backus-Naur Form (BNF). MLMs are
text-based (each MLM is encoded as an ASCII file) and always have the format, shown
in figure 2. The expression language encodes criteria (in the logic slot) as textual
production rules.

The approach does not contain a standard execution engine that is able to interpret
and execute guidelines. However, a number of implementations for executing MLMs
have been developed, including the use of pseudocode [21], C++ [22] and MUMPS
[23]. As the Arden Syntax leaves the implementation of patient data modelling entirely
up to the local institutions, there are no standard mapping facilities to obtain values of
required patient data during guideline execution.

2. The GuideLine Interchange Format (GLIF)
2.1. Introduction

The GuideLine Interchange Format (GLIF) was developed to model guidelines in terms
of a flowchart that consists of structured scheduling steps, representing clinical actions
and decisions. Figure 3 shows an example of a GLIF guideline (aimed at the treatment
of chronic cough), visualised through the Protégé knowledge modelling tool [24].

GLIF was developed by the Intermed Collaboratory [25] including researchers at
Columbia University, Harvard University and Stanford University and was first
published in 1998 [12]. The intended purpose of GLIF is to facilitate sharing of
guidelines between various institutions by modelling guidelines in such a manner that
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the guidelines are understandable by human experts as well as by automatic parsers
used in different clinical decision support systems. The current version of GLIF is
GLIF3 [26], which is discussed in the remaining part of this section.

A variety of guidelines [8, 27, 28] have been specified using GLIF to evaluate the
various aspects of the approach.

2.2. Model

2.2.1. Multi-level Approach

In order for guidelines to be 1) readable by humans, 2) interpretable by computers and
3) adaptable by different (local) institutions, GLIF defines a specification of a guideline
at three levels of abstraction: the conceptual level, the computable level and the
implementable level.

The highest level is the conceptual level where guidelines are represented as
flowcharts, which can be viewed by humans (e.g., guideline authors) but are not
interpretable by decision support systems. At this level, details such as the contents of
patient data elements, clinical actions and guideline flow are not formally specified.

These specifications are provided at the computable level. At this level, the
guideline content is formally defined and various verification checks of the guidelines
are carried out (this level is described in more detail in section 2.2.2). Finally, at the
implementable level, guidelines can be custom-tailored to particular institutional
information systems. At this stage, institution-specific procedures and mappings (which
are usually non-sharable) are specified (see also section 2.2.3).
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Figure 3. Graphical representation of a treatment chronic cough treatment
guideline in GLIF (adapted from Boxwala et al [26])

2.2.2. The Computable Level

In contrast to the conceptual level, where guidelines are visualised merely as graphical
flowcharts, the computable level allows for a formal specification, using the GLIF
TNM. This model is object-oriented and consists of a number of classes that describe
typical guideline tasks (e.g., decisions and actions).

The Guideline class represents a (sub)guideline. Each guideline is modelled as an
instance of this class. The Guideline class contains a number of attributes that are
administrative in nature (e.g., name and author) but also attributes that describe the
capabilities of a guideline (e.g., the guideline’s intention). In addition, it also contains a
reference to a collection of steps that are linked together in a directed graph (flowchart).
Similar to a guideline, steps are also represented by classes, and each step in a
guideline is an instance of such a class. GLIF defines five classes that represent the
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following steps: Decision steps, Patient state steps, Branch steps, Synchronization
steps and Action steps.

Decision steps model decision points in a guideline and direct flow control from
one guideline step to various alternatives. There are two types of Decision steps: Case
steps and Choice steps. A Case step is a Decision step that contains a number of logical
expressions and thus is used to model deterministic decisions. Based on the outcome,
the guideline flow is directed to the various alternatives. In contrast, Choice steps
represent situations where a guideline suggests preferences, but leaves the actual choice
to an external agent. Choice steps contain rules that support or oppose the various
preferences.

A Patient state step serves as a label that describes the current patient state that
results after having carried out previous steps. It can also be used as an entry point in
the guideline, depending on the current patient’s state (e.g., the patient revisits a family
practitioner with a high blood pressure). Each Patient state step contains attributes that
describe the state of the patient (e.g., the blood pressure is higher than 140/90 during
the last week). Whenever this state occurs in practice, the guideline that contains the
corresponding Patient state step is executed.

Branch steps model a set of concurrent steps by directing flow to multiple parallel
guideline steps and are used in conjunction with Synchronization steps. Multiple
guideline steps that follow a Branch step always eventually converge in a
corresponding Synchronization step. When a certain branch reaches the corresponding
Synchronization step, a continuation attribute specifies whether all, some, or one of the
preceding steps must have been completed before control can move to the next step.

Action steps model actions that have to (or should) be performed. Three types of
actions are defined: 1) medically oriented actions such as a recommendation for a
particular course of treatment, 2) programming-oriented actions such as retrieving data
from an electronic patient record or supplying a message to a care provider, and 3)
control-oriented actions that invoke nested structures such as (sub)guidelines or macros
to support recursive specification. For example, GLIF defines an MLM-macro, which
can be used to define an MLM. Internally, the macro consists of two steps: a Decision
step and an Action step.

2.2.3. The Implementable Level

Similar to the Arden Syntax, decision criteria and action specifications in GLIF contain
references to actual patient data (e.g., the age of a patient) and medical concepts (e.g.,
antibiotic, amoxicillin), which have to be acquired during guideline execution from
patient information systems. In order to facilitate sharing of guidelines among different
institutions, this information is stored in the implementable level. This level contains
the information to integrate developed guidelines with institution-specific medical
knowledge sources and information systems such as EPRs. GLIF aims at defining the
structure of patient data elements and medical concepts in this level in accordance with
standard data models and medical terminologies such as HL7’s Reference Information
Model (RIM) [29] or the Unified Medical Language System (UMLS) [30]. The
implementable layer is currently being further developed [31].
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2.3. Language

In GLIF, the guideline TNM itself (e.g., all classes, attributes and relations) is
described by means of Unified Modeling Language (UML) class diagrams. The
control-flow language that describes the actual guidelines (in terms of class instances)
is the Resource Description Format (RDF) language.

Decision criteria are specified through a formal expression language, referred to as
the Guideline Expression Language (GEL) [32], which is a superset of the Arden
Syntax. In addition, the object-oriented expression language GELLO has been
developed to specify decision criteria in GLIF [33]. In contrast with the original GEL
language, the GELLO language is able to include references to concepts and attributes
from the core GLIF model. The GELLO standard has recently been accepted as a
standard expression language by HL7 and ANSI.

A guideline execution engine named GLEE (GuideLine Execution Engine) has
been developed which is able to execute GLIF-encoded guidelines and can be
integrated into the clinical information system of a local institution [34].

A separate approach is the development of a generic guideline execution engine,
named the Guideline Execution by Semantic Decomposition of Representation
(GESDOR) [35], which is able to execute various control-flow and expression
languages, GLIF being one of them. The GLIF model and language are still being
further developed.

3. PROforma
3.1. Introduction

PROforma is a CIG approach supported by acquisition and execution tools with the
goal of supporting guideline dissemination in the form of decision support systems that
assist patient care through active decision support and workflow management [13].
PROforma was initially developed at the Cancer Research UK Advanced Computation
Laboratory. The name PROforma is a concatenation of the terms proxy (‘authorised to
act for another’) and formalize (‘give definite form to”).

Similar to GLIF, PROforma also represents guidelines as a directed graph in which
the nodes are instances of a fixed set of classes. Figure 4 shows an example of a
guideline in terms of instances of these classes, visualised through the Arezzo
Composer, part of the Arezzo suite, developed by Infermed Ltd. [36].

Besides the commercially available Arezzo suite, a second suite has been
developed to acquire and implement PROforma guidelines, called the Tallis suite [37].

A large amount of CIG and CIG-based decision support systems have been
developed in various areas by means of the Arezzo and Tallis suites [38].

3.2. Model

The PROforma TNM is called the PROforma task ontology. Each guideline in
PROforma is modelled as a plan that consists of a sequence of tasks. The PROforma
task ontology defines four classes, each with their own attributes: Plans, Decisions,
Actions and Enquiries. These four tasks are derived from the generic Keystone task,
which contains a number of attributes that are common to all four derived tasks. These
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include administrative ones that hold a name, caption, or description but also attributes
that describe the capabilities of a task such as goals and conditions.
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Figure 4. Part of a PROforma guideline

Each Plan models a (sub)guideline. Plans define 1) an ordered sequence of tasks, 2)
logical and temporal constraints on their enactment and 3) circumstances in which a
plan must be aborted or terminated (e.g., exceptions). Besides the common attributes
that are defined in the Keystone task, the plan task contains additional attributes that
store the plan’s task network, scheduling and temporal constraints and abort or
termination conditions.

The plan’s network is stored as a set of task instances (similar to the Guideline
class in GLIF). For example, a guideline that consists of four task instances (e.g.,
‘history’, ‘diagnosis’, ‘therapy’, ‘follow-up’) is modelled through a Plan instance that
contains references to those four task instances.

The ordering between these task instances is defined by means of two sorts of
constraints: scheduling constraints and temporal constraints. Scheduling constraints
order tasks in a plan by means of qualitative conditions (e.g., the ‘history’ task is
executed ‘before’ the ‘diagnosis’ task). Temporal constraints order tasks by using
temporal conditions (e.g., the ‘follow-up’ task is executed ‘after a period of ten weeks’).
By using these two types of constraints, tasks in a plan are modelled differently than
traditional flowcharts that order guideline elements usually only through scheduling
constraints.

Another way of directing guideline flow in PROforma is through abort or
termination conditions. Each PROforma task passes through a number of states such as
‘dormant’, ‘in progress’, ‘aborted’, ‘terminated’ and ‘performed’. Every task is
initially in a ‘dormant’ state. Executing a certain task changes its state from ‘dormant’
to ‘in progress’. Whenever a task is finished normally, the task’s state becomes
‘performed’. It is possible to force the termination or abortion of a plan by means of the
abort and termination conditions.

A Decision task is represented as a set of possible outcome candidates plus various
types of schemas (logical expressions) that support or oppose each candidate. Every
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candidate is associated with a set of schemas. Schemas consist of rules, qualitative
variables, quantitative weightings and certainty factors [39] and support (+) or oppose
(-) candidates, establishing a preference order among the candidates.

An Action is a task that a PROforma execution engine can request for enactment
by an external agent (e.g., a clinical user or an external software program or hardware
device). Such an action in PROforma usually exists of issuing a message to a user or
calling an external program through a predefined Application Programming Interface
(API). Examples are * “give ibuprofen, 10 mg”* that shows a message to a clinical user
or ‘call(print(leafletl))’ that executes an external procedure to print a leaflet. In
PROforma, actions are always atomic and are not decomposable.

Enguiries are used to acquire various kinds of information, such as clinical or
administrative information. This information can be obtained from a clinical user or
can be directly extracted from an external software agent or hardware device (e.g., EPR
or patient monitor). Therefore, as was the case with the definition of an action, the
Enquiry class contains attributes that define the method of data retrieval.

3.3. Language

Guidelines in PROforma are stored (as instances of the PROforma task ontology) using
a language, derived from the so-called Red Representation Language (R’L), a time-
oriented control-flow language [40]. In PROforma, a guideline is a declarative
specification of tasks and their (inter)relationships organised in a hierarchy of plans and
their components. This language also contains a formal expression language to express
goals (e.g., ‘achieve(normal respiration)’), conditions (e.g., ‘peak flow < 30,
‘risk_level = severe’) and argument schemes (‘diagnosis = oesophagitis and
liver_disease = absent then cimetidine: +’).

Before execution, guidelines are translated into another language, called Ly
(‘Logic of R’L’), a language based on predicate logic. This language is used as input
for the execution module.

Execution of PROforma guidelines is supported by means of two execution
engines, which are part of the earlier mentioned Arezzo and Tallis suites. In addition,
the earlier-mentioned generic execution engine GESDOR [35] is also able to execute
PROforma guidelines.

4. Asbru
4.1. Introduction

Asbru is a CIG approach, developed at Stanford University, the Vienna University of
Technology and the Ben-Gurion University, which focuses on the application and
critiquing of time-oriented clinical guidelines [14]. This approach aims at representing
clinical guidelines as time-oriented skeletal plans, which are plan schemata at various
levels of detail. In order to manage these (often complex) skeletal plans, key aspects of
Asbru are the representation of high-level goals (intentions), the representation of
temporal patterns and time annotations, and the development of user interfaces to
visualize developed plans. An example of an Asbru guideline can be shown in figure 4
of Chapter 8.
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4.2. Model

The Asbru TNM represents guidelines as skeletal plans. Similar to the notion of plans
in PROforma, a plan is a collection of other (sub)plans and/or actions. The Asbru TNM
consists of a number of elements, of which the Plan element is the most important one.
Besides administrative attributes (e.g., the plan’s title), each plan contains the following
attributes (referred to as knowledge roles in Asbru), which describe each plan’s
functionality: preferences, intentions, conditions, effects and plan body.

Preferences bias or constrain the applicability of a plan to achieve a certain goal.
Examples of Preferences are 1) ‘select-method’, a matching heuristic to determine the
applicability of the entire plan (e.g., ‘exact-fit’ or ‘roughly-fit’), 2) ‘resources’, a
specification of forbidden or obligatory resources (e.g., in certain cases of a pulmonary
infection treatment, surgery is prohibited and antibiotics must be used), and 3) the
applied ‘strategy’ (e.g., ‘aggressive’ or ‘normal’).

Intentions are used to model the aims of the plan, independent of the plan body.
Intentions can for example aid in the selection of the most appropriate plan by for
example defining which patient state(s) must hold during of after a plan’s execution
(e.g., the patient’s blood pressure must never exceed 140/90) or which actions should
take place (e.g., maintain monitoring of blood glucose once a day). Intentions are
modelled as temporal patterns.

Conditions are also temporal patterns and are used to change the state of a plan. In
Asbru, similar to the PROforma approach, plans are in a certain state during execution
time (e.g., ‘activated’, ‘suspended’, ‘aborted’ and ‘completed’). Asbru defines a
number of condition categories such as ‘filter-preconditions’ and ‘setup-preconditions’
that need to hold if a plan is considered applicable, ‘suspend-conditions’ that determine
when an active plan must be (temporarily) suspended, ‘abort-conditions’ that
determine when an active or suspended plan has to be aborted and ‘completed-
conditions’ that determine when a plan is (successfully or not) completed.

Besides the earlier-mentioned intentions and conditions, effects can also be used to
select the most appropriate plan by describing the expected behavior of the plan’s
execution. For example, a treatment plan might decrease the blood-glucose level, which
classifies this plan as not the most appropriate for a certain class of patients. Effects
may include probabilities that specify the probability of the effect’s occurrence.

The plan body is a set of subplans or actions (which are plans that do not contain
any subplans anymore) that have to be performed whenever the plan is considered
appropriate (based on the plan’s preconditions, intentions or effects). The order in
which the subplans are executed is determined by the Plan’s type and subtype attributes.
Asbru defines four types for synchronising subplans: ‘sequentially’, ‘parallel’, ‘any-
order’, and ‘unordered’, which are described by means of the subplans’ #ype attribute.
Furthermore, cyclical plans can be defined. As mentioned earlier, plans that have been
started can be suspended, aborted or completed (based on the plan’s conditions).

4.3. Language

The Asbru TNM itself is defined as a Document Type Definition (DTD), which defines
the structure of the various elements of the TNM. The control-flow language and the
expression language are formally defined by means of XML, based on the earlier-
mentioned DTD [41].
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An important aspect of the expression language is the concept of time annotations,
which are used in specifying complex temporal patterns, and specify the temporal
constraints within which an action must take place, or a condition must be fulfilled in
order to trigger. The Asbru expression language also supports the concept of temporal
abstractions such as ‘has the patient suffered from a second episode of anaemia of at
least moderate severity’.

Beside the above-mentioned XML language, other languages, related to Asbru
such as MHB (Many-Headed Bridge) are being developed with the goal of bridging the
gap between informal (e.g., textual) and formal guidelines [42].

Various execution engines have been developed that are able to execute (a subset
of) Asbru guidelines such as the Asbru interpreter [43], developed as part of the
Protocure-II project [44] and the Asbru Execution Engine [45]. Another execution
engine that has been developed to execute (simplified) Asbru guidelines is the Spock
system [46], which is part of the DeGel framework [47].

5. EON
5.1. Introduction

EON, developed at Stanford University, is a CIG approach that aims at developing
decision support systems that reason about guideline-directed care [15]. The EON
approach consists of several components that facilitate the acquisition and execution of
clinical guidelines.

Similar to GLIF, the EON TNM, called Dharma [48], is object-oriented and
consists of classes that describe guideline tasks as a sequence of structured temporal
steps. The Dharma model is non-monolithic, meaning that it can be extended with
additional classes that capture new guideline behaviour. Besides the Dharma guideline
model, the EON architecture also contains a number of run-time components, used to
construct execution-time systems. An example of a guideline in EON, visualised
(similar to GLIF guidelines) through the Protégé knowledge modelling tool [24] can be
seen in figure 1 of chapter 8.

The EON project has been discontinued since 2002, but was succeeded by the
SAGE project, which ran from 2002-2006 [49]. One of the CIG systems that were
developed using EON is the ATHENA system, which addresses the treatment of
hypertension, and is still in clinical use today [50].

5.2. Model

5.2.1. The Dharma Guideline Model

In contrast with for example GLIF and PROforma that model guidelines in terms of a
fixed number of classes (e.g., decisions, actions), the researchers of EON propose a
non-monolithic (non-fixed) TNM, which consists of a standard set of classes that can
be extended with task-specific submodels, resulting in additional classes that are
matched to the knowledge requirements of different guidelines.

The EON approach aims at modelling multi-encounter patient management (e.g.,
chronic disease management), in which each guideline represents a certain state of the
patient and consists of a number decisions and actions that are applicable to that patient
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state and may lead to changes in patient states over time (and may also trigger other
guidelines as a result). In order to define guidelines according to this conceptual model,
the TNM consists of a number of standard classes and attributes which form the so-
called core guideline ontology. The four most important classes are Scenarios,
Decisions, Actions and Activities.

A Scenario is a (partial) characterisation of the state of a patient (e.g., the patient is
currently being prescribed a low-dosed steroid). In a scenario, eligibility conditions
specify the necessary conditions for a patient to be in this scenario. Scenarios —which
were firstly introduced as part of the PRODIGY guideline approach [51]- allow a
clinician to synchronize the management of a patient with the corresponding parts of (a
portion of) a guideline and are commonly used as entry points in a guideline. In the
Dharma ontology, a scenario is always followed by a decision or action step. Each
scenario in an actual guideline is an instance of the Scenario class, which contains
several attributes such as an attribute that specifies the eligibility criteria and an
attribute that specifies the step that follows the current scenario (similar to GLIF).
Scenarios allow a clinician to synchronize the management of a patient to situations
handled by a guideline and can also serve to model exceptions, which represent
exceptional situations that rarely occur. As expressing everything in a guideline can be
impractical, a guideline author may want to partition the guideline into normal
situations that cover usual cases and exceptions.

In the Dharma core ontology, two basic types of Decisions are defined (by means
of two subclasses): decisions that model ‘if-then-else’ choices and decisions that
require making a heuristic choice from a set of pre-enumerated alternatives. The latter
is aided by preferences as determined by rule-in and rule-out conditions that support or
oppose alternatives (similar to the concept of schemas in PROforma).

Actions are instantaneous acts that lead to changes in the state of the world such as
collecting patient data, displaying a message to the user or starting a drug regimen.
Actions are used heavily throughout guidelines modelled in EON. Whereas actions
refer to instantaneous acts, activities model processes that take place over time.
Activities have states that can change from time to time. These changes are usually the
result of actions specified in a guideline, as actions are able to start a new activity, stop
an ongoing activity or change the attribute values of an ongoing activity. Finally, the
model also includes actions that refer to a set of other actions or a subguideline. Similar
to GLIF, examples of such actions are actions that model branching and
synchronisation constructs in order to execute parallel tasks.

Every class in the Dharma ontology can be associated with a goal. The notion of
goals is comparable with the notion of intentions in Asbru, although less sophisticated.
In the Dharma ontology, goals are represented as Boolean criteria (e.g., ‘reduce the
arterial blood pressure to less than 130/85 within three weeks”).

5.2.2. The Patient Data and Medical-specialty Model

The patient data model defines classes and attributes in order to represent patient data.
It defines characteristics regarding demographic and clinical conditions of specific
patients. It does not aim at modelling the entire patient (e.g., replicate the structure of
an EPR), but models only those distinctions that are relevant for the purpose of
defining guidelines and protocols.

The medical-specialty model consists of a medical domain ontology that models
the structure of domain concepts (e.g., drugs and treatments) in terms of organised
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classes, relations and attributes. The medical-specialty model represents different sorts
of domain-specific information.

5.3. Language

The Dharma TNM as well as the control-flow language is described by means of the
internal frame-based Resource Description Format (RDF) of Protégé. Although the
focus of the EON approach is not on defining a formal control-flow language, it does
particularly address the subject of defining criteria in formal expression languages.
EON defines three different expression languages.

First, common but relatively simple criteria can be expressed as Boolean criteria in
terms of a set of object templates such as ‘diabetes mellitus is present and the most
recent serum creatinine is less than normal’ .

According to the researchers of the EON approach, such a criterion language is not
expressive enough to capture more complex criteria such as ‘is an authorised
medication present that is contraindicated by some medical condition’. To represent
such criteria, the Protégé Axiom Language (PAL) is used, which is embedded into the
Protégé development environment.

Finally, it is possible to write complex temporal criteria such as ‘presence of an
episode of uncontrolled blood pressure that overlaps with lisinopril medication and
that started within two weeks after the initiation of lisinopril’. These are written as
temporal queries, which during guideline execution are translated to database queries.
To specify temporal aspects, EON has adopted a subset of the Asbru temporal
expression language to represent temporal information.

To facilitate the development of guideline execution engines, EON defines an
extensive execution architecture that contains a guideline execution engine plus
components for interfacing to third-party information systems [52].

6. Discussion
6.1. Comparison

6.1.1. Overview

Each approach focuses on different aspects of guideline modelling and representation,
which have their implications regarding the representation and modelling of guidelines
as shown in the previous sections. This section will address the strong points of each
approach, after which a number of (minimal) requirements are formulated that were
distilled from these points that can be used in the process of developing new
approaches or improving existing ones.

6.1.2. Model

All approaches described in this chapter use a TNM that models guidelines in terms of
a sequence of class instances (e.g., flowchart), with the exception of the Arden Syntax
that models guidelines as (a collection of) independent modular rules. As a result, the
Arden Syntax is most suitable for representing simple guidelines such as alerts in
reminder systems, but less suitable for complex multistep guidelines.
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Although the terminology may differ, all approaches support a basic set of ‘core’
guideline tasks, such as decisions, actions and entry criteria. Decisions for example are
represented by means of logic slots in the Arden Syntax, Decision steps in GLIF,
Decision tasks in PROforma, conditions in Asbru, and Decisions in EON. Similarly,
actions are represented by means of action slots in the Arden Syntax, Action steps in
GLIF, Action and Enquiry tasks in PROforma, actions (atomic Plans) in Asbru, and
Actions in EON. Entry criteria are represented by evoke slots in the Arden Syntax,
Patient state steps in GLIF, preferences, intentions and effects in Asbru, triggers and
conditions in PROforma [53] and Scenarios in EON.

The TNMs of all approaches define a fixed set of guideline tasks, with the
exception of EON that is extensible.

All approaches described in this paper except for the Arden Syntax provide
explicit support for controlled nesting of guidelines in order to model complex
guidelines in terms of subguidelines (GLIF and EON) or subplans (PROforma and
Asbru). For this purpose, GLIF, EON and PROforma contain an Action task that may
contain a reference to a subguideline or subplan. In Asbru, each plan body contains a
number of subplans until a non-decomposable plan (also called Action) is encountered.
Although the Arden Syntax supports a form of nesting by calling other rules in the
Action slot, there is no general control flow that controls these invocations. All
approaches support the concept of referenced subguidelines. GLIF also supports the
representation of common guideline structures through Macros, which facilitates the
reuse of guidelines that are used often (e.g., ‘if-then’ rules such as MLMs).

EON, PROforma and Asbru also support the use of goals and intentions to
formally specify a guideline on a higher level of abstraction. Of these techniques, the
Asbru intention model is the most sophisticated. GLIF defines different layers of
abstraction, which allows guideline authors to view only the general control flow
(flowchart) of a guideline before specifying all the necessary details. EON uses a non-
monolithic approach: the Dharma guideline model is based on a core model, which can
be extended with submodels depending on the complexity of the guideline.

Besides the knowledge that defines the guideline control flow (in terms of for
example, rules, steps, plans), every guideline also contains domain-specific knowledge
such as medical knowledge (e.g., terminology) and knowledge concerning the patient
(e.g., the patient’s symptoms or history).

In the Arden Syntax each reference to a domain-specific item is stored as a label in
the data slot of an MLM. As a result, an MLM does not ‘know’ for example that
amoxicillin is an antibiotic. Also PROforma and Asbru contain no explicit support for
modelling domain-specific knowledge or for using standard terminology systems.
GLIF addresses this problem by modelling domain-specific knowledge through the
implementable level and EON takes a similar approach by defining, the Patient Data
and the Medical-Specialty models.

Besides invoking subguidelines, a guideline may consist of various types of
actions such as medically oriented actions (e.g., recommending a particular course of
treatment) and programming-oriented actions (e.g., supplying a message to a care
provider). In the Arden Syntax, actions (stored in the action slot) are usually
programming-oriented as they are used to generate reminders or alerts. This is also the
case in the PROforma approach, as a PROforma action is a programming-related task
that is carried out by the execution engine through an Application Programming
Interface (API). GLIF and EON both support these two types of actions. Finally, Asbru
does not support programming-related actions.
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Didactic and maintenance information concerns information about authors, versioning,
purposes and detailed explanations. The Arden Syntax, GLIF and EON approaches are
all able to hold various kinds of information such as the guideline’s author, version,
institution, keywords, validation (e.g., ‘research’, ‘testing’, ‘production’) and
explanation. In PROforma and Asbru, it is not possible to store didactic- and
maintenance-related information (besides a name and explanation).

6.1.3. Language

All approaches define a control-flow language that describes the guideline control flow
(in terms of TNM constructs). All approaches except EON have also defined the TNM
in a formal way using BNF, XML or UML. For each approach, the control-flow
language supports all constructs of the corresponding TNM. The Arden Syntax
describes guidelines using formatted text, GLIF and EON using RDF, Asbru using
XML and PROforma using R’L. PROforma is the only approach, which makes a
distinction between a declarative language (R’L), used during the guideline definition
phase and a procedural language (Lg,;) that is processed during the guideline execution
phase. In order to facilitate this translation, the PROforma representation language
contains constructs that are filled in during guideline acquisition but are execution-
related. For example, PROforma defines an execution state that denotes the state of a
guideline during execution (e.g., ‘in progress’, ‘aborted’, ‘terminated’, ‘performed’).
This is in contrast with EON and GLIF that define patient states which are used during
execution to determine the applicability of a guideline (as mentioned earlier,
PROforma is also able to model patient states implicitly through constructs like triggers
and conditions). Similar to PROforma, Asbru also uses the concept of guideline
execution states.

All approaches also define formal expression languages that describe decisions and
entry criteria. An important aspect of these languages is the issue of temporal reasoning.
All approaches support some form of temporal reasoning, of which the Asbru approach
contains the most sophisticated structures. EON and GLIF both adopt a subset of the
Asbru temporal language. In order to be compatible with the Arden Syntax, the GLIF
Expression Language (GEL) also defines a number of operators that are defined in the
Arden Syntax such as ‘before’, ‘after’ and ‘ago’. Similar constructs are also available
in the PROforma expression language. EON expresses criteria using a description that
is very similar to that of GLIF, with the main exception that GLIF describes
expressions in GEL/GELLO while EON describes expressions by means of the three
different criterion languages. The Arden Syntax and GLIF support a limited form of
uncertainty in terms of a three-valued logic (‘true’, ‘false’ and ‘unknown’). PROforma
is the only approach that contains expressive constructs for describing uncertainty
aspects of a guideline. As many guidelines (especially treatment guidelines) are rather
deterministic by nature, the issue of representing temporal aspects seems to have higher
priority that the issue of representation of uncertainty (although this might be less true
for diagnostic guidelines).

All approaches have developed execution engines in which the different
procedural aspects of the guideline are encoded programmatically (e.g., a number of
Java or C procedures that each executes a certain task). The Arden syntax, PROforma
and EON have published results on the development and implementation of actual
decision support systems in daily care. PROforma is the only approach described here
that has developed a commercialised version. PROforma, EON and Asbru execution
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engines are able to communicate with clinical information systems and users through
standard Application Programming Interfaces (APIs) or communication protocols (e.g.,
web services).

A number of third parties have implemented decision support systems that are able
to execute Arden Syntax guidelines for use in their local institutions. However, these
are often not reusable in other environments.

6.2. Requirements

The descriptions and comparisons in the previous sections show that each approach has
a number of strong points. This section formulates requirements that were distilled
from these points that can be used in the process of developing new approaches or
improving existing ones.

6.2.1. Model

A guideline TNM must contain a set of generic guideline tasks that is able to represent
all facets of simple as well as complex diagnostic and treatment guidelines. This set
must be understandable on a functional level by guideline authors and on an executable
level by computerised decision support systems.

A guideline TNM must support at least the two necessary basic tasks: actions and
decisions. In order to be able to specify guideline-oriented actions (e.g., ‘prescribe new
medication’ or ‘diagnose patient with hypertension’) as well as programming-oriented
actions (e.g., ‘get all drugs from an EPR’ or ‘give message to user’) a guideline TNM
must 1) provide a very expressive and rich model that enables the specification of all
above-mentioned actions in a limited set of tasks or 2) provide the ability to derive new
(sub)tasks from the existing ones that define new functionality.

Other important tasks in a guideline TNM are tasks that influence guideline flow such
as entry/exit points (e.g., Patient state steps) and repetition/loops (e.g., Synchronization
steps or the Asbru Plan type).

The guideline TNM must be able to represent various kinds of guidelines, that may
differ considerably in complexity in a consistent manner such as relatively simple
guidelines that model independent modular rules (e.g., MLMs in the Arden Syntax or
MLM-macros in GLIF), but also complex guidelines such as clinical trials or treatment
plans. In order to represent these various types of guidelines in a consistent manner, the
approach must be able to represent guidelines on multiple levels of abstraction such as
nesting, task or guideline decomposition (e.g., subguidelines or subplans in GLIF, EON,
PROforma and Asbru), and specifying the guideline’s intention or goal (e.g., Asbru’s
intentions).

CIGs that are used for active decision support must be integrated with existing
clinical information systems such as EPR systems. Concepts that are used in a
guideline such as patient demographics, results of laboratory tests, indications and
drugs must be explicitly defined so that they can be mapped to entries in a clinical
information system. To facilitate the (re)use of a guideline among different institutions
and systems, the reasoning knowledge (e.g., the used methods or tasks) must be
separated from domain-specific knowledge (e.g., used drugs or laboratory tests). Also,
the representation should support the use of standard data models and medical
terminologies such as HL7, UMLS and SNOMED (e.g., the multi-level approaches in
GLIF and EON).
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Furthermore, in order to further facilitate the sharing of guideline-based decision
support systems and to increase the acceptance of (national) guidelines in local
institutions, actions that are programming-related must be separated from actions that
are not. In this manner, institution-specific actions (e.g., sending an email to a
physician vs. showing a message on a screen) are defined separate from the knowledge
that describes the guideline itself. For example, guidelines may contain an additional
‘layer’ that describes such actions, independent of the guideline process. This is
supported by GLIF and EON as it is possible to describe multiple kinds of tasks for
each action such as decision support-related or programming-related tasks.

A guideline representation must be able to hold didactic- and maintenance-related
information such as author names, versions, (literature) references, sources and referees.
Especially versioning-related information is very important, as guidelines are usually
dynamic (the contents may change rapidly over time) and national guidelines may be
adapted to local institutions.

6.2.2. Language

A CIG approach should define formal control-flow languages as well as expression
languages that are able to capture all the requirements mentioned above, in an
unambiguous way. On the one hand, these languages must be abstract enough so that it
is interpretable by guideline acquisition/visualisation tools (e.g., Protégé, Arezzo
Composer) and guideline authors who do not have a logical or modelling background
are able to define the process (e.g., flow), decision criteria and actions in a guideline (a
more detailed description on various guideline acquisition/visualisation tools can be
found elsewhere [3] and in Chapter 8: Visualization Methods to Support Guideline-
Based Care Management). On the other hand, the languages must be interpretable (and
preferable also verifiable) by engines that are able to execute guidelines. Such an
execution engine must be able to interface with various clinical information systems in
a consistent manner, for example by mapping concepts from the guideline to
corresponding items in a clinical information system (e.g., the concept Drug in a
guideline must be mapped to a drug table of an information system’s database). Also,
actions that a guideline performs must be configurable as they may differ in various
local situations (e.g., send an e-mail in a certain situation in contrast to issuing an on-
screen alert in another one). This implies a component-based approach in which each
component performs a specific task such as reasoning or interfacing. The encoded
format as well as the guideline execution engine must meet execution-time
requirements such as compactness and execution speed.

Temporal logic is a very important issue in guideline modelling. Guidelines
usually refer to complex temporal constructs to describe for example drug prescription
schemes. Therefore, a guideline representation model must contain an expressive
means of modelling temporal expressions (e.g., Asbru’s temporal logic). The truth-
value of a decision can not always be evaluated as ‘frue’ or ‘false’, for example in the
case of missing data (e.g., the patient’s medical history is not known). Guideline
models must be able to handle such situations (e.g., using the relatively simple three-
valued logic in GLIF or the more complex R’L language in PROforma).
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7. Research Agenda

In the last decade, most of the attention on computer-based guideline development has
been focused on the areas of guideline representation models and underlying languages.
From this research, various approaches and models arose, each with its own focus
points and related strengths and weaknesses. However, based on the comparison in this
chapter as well as looking at other studies [3, 4, 5-8], the conclusion can be drawn that
the minimal necessary components for guideline representation have been identified.
The next step in this process will be to develop a standard guideline representation
model using these components (e.g., under the HL7 auspices [54]), keeping in mind the
main conclusion that was drawn by Peleg et al.: “...that because of the different goals
of various research groups, a consensus model will be acceptable to the research
groups only if it concurrently allows them to continue their investigations of unique
features’ [8].

Also, the real benefit lays in structuring and guiding the whole guideline
development process: in order to successively computer-based guideline systems that
will be used in daily practice, various aspects such as representation, acquisition,
verification and execution must be taken into account (a nice example of such an
approach is the DeGel project from the Ben-Gurion university [47]). This is not a
trivial task. Comparing the various approaches shows that design specifications made
in the area of guideline representation have implications in the area of guideline
execution (e.g., the ‘fuller’ the language, the less executable it will be).

Although significant progress has been made during the last years, especially
regarding guideline representation, several issues that relate to guideline
implementation and guideline-based decision support still have to be addressed more
extensively. Examples of such issues are how to implement national guidelines as well
as local adaptations of those guidelines and how to increase the shareability of generic
guideline execution engines among different intuitions (e.g., the GESDOR approach).
Various solutions may be developed that address these issues such as the development
of versioning methods that enable synchronisation between national and local
guidelines and the development of standard interfaces to different external information
systems. Recently, a number of articles have been published that compare CIG
approaches with traditional workflow languages [6]. We expect that these comparisons
will contribute significantly to the process of defining requirements and standards for
CIG approaches (see also Chapter 3: From guidelines to careflows: modelling and
supporting complex clinical processes).

In order to create an approach that is successful, it is important that future research
will take into account that an acceptable compromise between all areas must be reached
with the above-mentioned aspects as starting points. In this compromise, a balance
must be maintained between the aspects of abstractness, expressiveness, formalisation,
acquisition and execution.
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Abstract. Research on computer interpretable clinical guidelines has largely
focused on individual points of care rather than processes of care. Whether we
consider simple aids like clinical alerts and reminders or more sophisticated data
interpretation and decision-making, guideline developers tend to focus on specific
tasks rather than processes like care plans and pathways which are extended in
time. In contrast, research on business process modelling has demonstrated
notations and tools which deal directly with process modelling, but has not been
concerned with problems like data interpretation and decision making. In this
chapter we describe these two traditions, and compare some of their strengths and
weaknesses. We also briefly discuss the distinct theoretical frameworks which
have grown up around them, notably Petri nets for workflow modelling and
mathematical logics for guidelines. We conclude that these offer complementary
views of clinical processes and that a key research challenge is find a way of
unifying them. ?

Keywords: clinical decision-making, process modelling, workflow languages, task
network languages.

Introduction

A standard definition of clinical practice guidelines (CPGs) is that of Field and Lohr
[6]: "systematically developed statements to assist practitioners and patient decisions
about appropriate health care for specific circumstances". A primary purpose of CPGs
is to support clinical decision-making in a way that is consistent with published and
peer-reviewed evidence, in order to:

* provide a more rational basis for decision-making;

" Corresponding Author: John Fox, Department of Engineering Science, University of Oxford, Parks
Road, Oxford OX1 3PJ, UK; E-mail: johnfox@robots.ox.ac.uk
> We wish to thank Natalie Mulyar, Marco Montali, Annette ten Teije and Mor Peleg for their helpful
comments on earlier drafts of this discussion.
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* provide a focus for continuing education;
* reduce inappropriate variation in practice;
* facilitate clinical audit;

* promote efficient use of resources.

CPGs usually take the form of text documents, sometimes augmented with more
structured information such as “clinical algorithms” (flow diagrams). They are usually
designed to inform clinicians about best practice and encourage changes in their
decision-making where necessary.

There are, however, significant issues about the effectiveness of CPGs, including
doubts about their effectiveness in changing the behaviour of health care professionals
[12]. One of the most consistent findings in health services research is the gap between
research evidence and routine patient care [15] and the effort that goes into creating the
guidelines may not be matched by the level of adherence to them in practice [3].

The medical informatics community has therefore sought new ways of bringing
up-to-date scientific and clinical knowledge to the point of care in a more flexible and
usable form than human-readable documents. “Computer-Interpretable Guidelines”
(CIGs) are formal representations of CPGs that can be used to provide active support
for improved effectiveness and safety of clinical practice. CIGs can provide reminders
and alerts, assess individual risks, recommend possible treatments and give other
patient-specific advice, often providing direct links to the supporting research and
evidence as part of the advice. Figure 1 shows an example of a CIG for assessing the
genetic risk of breast cancer and suggesting appropriate pre-emptive interventions (e.g.
surveillance, chemo-prevention or surgery). It is now technically practical to deliver
such services in the doctor’s office, on a bedside computer or by PDA.

The creation and use of CIGs have many potential and demonstrated benefits,
including:

* offering better description and recording of patient states;

* providing selective access to background knowledge which is relevant to the
specific circumstances;

* automatically proposing timely reminders and making patient-specific
recommendations for clinical decisions;

* providing the rationale for recommendations, e.g. decision criteria and
justifying evidence, and

e facilitating use of formal verification and other quality management
techniques (e.g. http://www.protocure.org/)

Recent systematic reviews by Garg et al [13], Kawamoto [16] and others clearly
show that CIGs have clinical value. Although these reviews do not cover all published
work they provide an interesting insight into the current state of CIG research. Table 1
is a summary and reclassification of the systems considered in the Garg et al review
carried out to bring out the distinct kinds of decision support which all come under the
general heading of CIGs.
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Figure 1: Example of clinical advice in managing women at low genetic risk of breast cancer. The system
considers all the possible interventions. In this simple example the advice is for routine X-ray surveillance,
together with the justification, evidence and strength of the recommendation (central panel). Most decision
support systems are similarly focused on individual decisions rather than complex processes of care which
may be carried out over days or even months.

Table 1: a selective classification of different types of clinical decision support systems reviewed by Garg et
al, 2005. Column 3 shows the number of each type and column 4 the number of these which demonstrated
significant clinical benefits.

Service type Example techniques Instances
Monitoring, alerts and Algorithmic and rule based methods 41 30
reminders

Modelling and prediction Calculators, Statistical modelling 35 24
Focusing and information Search engines, navigation, InfoButtons 11 6
retrieval

Framing and making Decision analysis, logical decision models, 7 2
decisions argumentation

Support for complex and Workflow 0 0
multidisciplinary care

A striking feature of table 1 is that the vast majority of evaluations to date deal
with clinical systems which are limited to a single point in time where data need to be
recorded, alerts flagged or decisions made as in figure 1. There have been few studies
of how to integrate CIGs into care planning or clinical workflow, and none in the Garg
sample. However with the apparent success of simple CIG technologies the research
community is turning its attention to more ambitious goals. Examples include work on
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decision support within a typical workflow for assessment of women with suspected
breast cancer (Patkar et al, this volume) and work on risk assessment and care planning
by Glasspool et al [14]. The Ist International Workshop on Process-oriented
Information Systems in Healthcare took place in Brisbane, Australia in 2007, where
central themes of the meeting were the use of guidelines in the context of business
process and workflow models.

The next section reviews a number of approaches to the challenge of integrating
decision support into clinical process models. The review is not comprehensive,
providing only a short summary of early approaches to process modeling, but it
provides a historical context for discussing more recent technologies. The primary
focus of the discussion is how CIG technologies might benefit from work on business
processes, and in particular whether a class of CIG technology called Task Network
Languages can provide effective decision support within the practical constraints of
clinical process management.

1. Modelling and Supporting Business Process

Despite the recent growth of interest in process modelling the history of the subject
goes back almost half a century”.

1.1 Critical Path Analysis

The critical path method was developed for scheduling a set of activities in any project
with interdependent activities. The essential technique is to develop a model of all the
activities required to complete the project, the time that each activity will take to
completion, and the dependencies between the activities. CPM was developed in the
1950s, and has been used in construction, software development, research project
management, product development, engineering, and plant maintenance, among other
applications.

1.2 Gantt Charts

A Gantt chart illustrates a project schedule, showing the start/finish dates of the
component tasks of a project aligned on a timeline and showing the status of planned
and active tasks (figure 2 (a)). Some Gantt charts also show dependencies between
tasks (e.g. preconditions on initiating a task which depend on the completion of another
activity or delivery of an output).

* In preparing this section we have drawn significantly on material on Wikipedia (www.wikipedia.org). The
original articles are far more extensive and are recommended for readers in finding out more detail about the
topics.
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Figure 2: (a) Gantt chard for a simple project of 2 main tasks plus component activities. (b) PERT chart for a
seven-month project with five milestones, 10 through 50m and six activities, A through F [source Wikipedial.

1.3 PERT Charts

PERT was invented as a technique for managing large military projects to simplify
planning and scheduling and is commonly used in R&D-type projects where time,
rather than cost, is the major factor. The distinctive feature of PERT is the chart of
interconnecting timelines, such as the one shown in figure 2(b). Unlike Gantt charts the
PERT method accommodates some uncertainty by making it possible to schedule a
project while not knowing precisely the details and durations of all the activities.

These early methods for modelling business processes have considerable
generality and practical value. However, they also have limitations from the point of
view of clinical process management. They were not developed for actively executing
or supporting the management of the process in real time, which is a key objective of
CIGs. Neither are they oriented towards personalisation of care plans nor dynamic
modifications of treatment plans in the light of changing situations or unexpected
events. They were designed primarily for managing one-off projects, not for supporting
routine processes like clinical diagnosis and treatment, and are typically used for
analysing dependencies in a process and detect overruns or other problems.

1.4 Petri Nets

Petri nets can be used for describing “systems that may be concurrent, asynchronous,
distributed, parallel, nondeterministic and/or stochastic” and are an advance on the
earlier static methods in a number of ways. Petri nets provide a formal representation of
a process as a directed graph with annotations, which can be interpreted dynamically to
simulate or “enact” that process. There are two kinds of nodes in a Petri net: places and
transitions. Places represent conditions and transitions represent events. A transition
node has a certain number of input and output places representing the preconditions
and post-conditions of the event. Petri nets are a very general model which can capture
Gantt and PERT charts as well as finite state machines, dataflow networks and in
theory any process that can be represented as a graph. The basic abstraction (input
places - transitions - output places) subsumes many different concrete forms, including
(input data — computation — output data); (resources needed — task or job — resources
released); (preconditions — event — post-conditions) and other instances of the
abstraction.
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Petri Nets are often said to lack compositionality and scalability. These problems
have been addressed by “higher-level Petri nets”, such as Object-Oriented Petri Nets.
In a higher-level net, a Petri Net (PN) can appear wherever a data object can appear: as
a token, as a parameter, or as the value of a computation. Tokens may carry arbitrary
data objects and functions. Object-Oriented concepts have been used to build “layered"
Petri Nets and many different languages have been created to integrate OO concepts
into PN modelling. PNs have also been used to provide a foundation for the most
recent tradition for modelling processes, workflow modelling, in which concepts like
processes, activities and messages may be modelled as a layer of Petri net objects on
top of the basic PN primitives.

1.5 Rule-based Systems

A prominent attempt to develop a standard for modelling clinical guidelines and
decision support services was the Arden Syntax for Medical Logic Systems, developed
in the early nineties. Arden Syntax encodes medical knowledge as Medical Logic
Modules (MLMs), a hybrid between a production rule (an "if-then" rule) and a
procedural formalism. Each MLM is invoked as if it were a single-step "if-then" rule,
but then it executes serially as a sequence of instructions, including queries,
calculations, logic statements and write statements. MLMs have been used to generate
clinical alerts and reminders, interpretations, diagnoses, screening for clinical research
studies, quality assurance functions, and administrative support. Arden was initially
designed to support clinical decision making (an individual MLM should contain
sufficient logic to make a single medical decision) but it can capture simple task
sequences by chaining MLMs.*

Although Arden was adopted as an ANSI standard for computerised clinical
guidelines it lacks expressivity for modelling clinical guidelines (e.g. for logical
reasoning, representing time and uncertainty) and limited ability to represent complex
processes (e.g. care pathways and protocols). Other rule-based technologies have
considerably more power in these respects. For example rule-based “expert” systems
were extensively developed for medical applications in the 70s and 80s (e.g. MY CIN:
[22]). These led to two distinct classes of rule-based expert system “shells”, goal-
directed and pattern-directed application development tools (e.g. eMYCIN; [24] and
PSYCO [7]).

Perhaps the most general and powerful form of rule-based technology is associated
with logic programming. Originally developed for natural language processing, logic
programming separates the declarative aspects of computation (e.g. what medical
knowledge do we have?) from the procedural aspects (how is it to be applied during the
clinical process?). Logic programming languages have great expressive power and the
clear semantics of first-order logic. Defining process definition languages and
implementing specialised process enactment engines for those languages is well within
the capabilities of a logic programming language, such as Prolog, and also supports the
technique of “meta-logical programming” which facilitates reuse of declarative
knowledge and logic programs in different ways and different settings.

4 ..
Source www.openclinical.org
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1.6 Workflow Languages and Technologies

Business process modelling, and associated IT systems for enacting and supporting
business processes have attracted great interest in academia and practical commerce in
recent years. Figure 3 illustrates the relationship between a business process and two
key concepts: the idea of a process definition language that formally describes the
process model, and the workflow management system, the technology platform which
supports the management of that process by scheduling activities, managing data, and
ensuring effective communication of and synchronising between interrelated or
dependent activities. Execution of a particular instance of a business process, such as
the management of an order for a product or service, is initiated and controlled by the
workflow management system under the control of the process definition for that kind
of order.

Business Process
(i.e.. what is intended to happen)

is defined in a is managed by a
— — —® Process Definition Workflow Management System
| (a representation of what (controls automated aspects

| is infended to happen) used to create of the business process)

& manage

via

Sub-Processes
4 composed of

Process Instances
(a representation of what

Activities is actually happening)

Figure 3: Business process and workflow modelling: From Workflow Management Coalition glossary.
Source http://www.wfmc.org/standards/docs/TC-1011 term_ glossary v3.pdf

A number of workflow languages have been developed and proposals for standards
are now emerging. They have been developed primarily with the business community
in mind for modelling and supporting business organisations and processes rather than
medical organisations and processes, though the possibility of using them in clinical
settings is being actively studied (e.g. [17]).

A variant of workflow called ‘careflow’ has been proposed from within the
guidelines community for supporting clinical practice by explicitly modelling
guidelines in the context of workflow, communication and resource management
services. Originally proposed by Mario Stefanelli and his colleagues at the University
of Pavia, careflow is defined as “a [clinical] procedure through which administrative
and supervisory tasks ... are passed between participants according to a process
definition. A careflow process definition specifies which fasks need to be executed and
in which order.” [18]. In his earlier paper Stefanelli suggests that Petri nets are the
preferred formalism for modelling careflows but by 2004 the theoretical foundation
seems to be in terms of distributed multi-agent systems: a careflow is defined as “the
execution of a process definition for a particular patient [by] organizational agents
[which] ... play one or more roles ... execute work items, use resources (material,
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instruments, services, etc.) and have a set of rules defining how to communicate with
other agents in the organization.”

1.7 Task Network Languages

During the last decade in which workflow languages have been achieving prominence
the medical informatics community has also been developing ways of modelling
clinical processes. Although they share concerns with the workflow community the
“guidelines community” has taken a distinctive approach. This has been partly because
of the original focus on clinical decision-making about how to interpret situations and
events (e.g. is the patient at risk? what is the cause of a clinical problem?) or the best
choice of clinical action (do we need to carry out further investigations? what is the
most effective and safest thing to do?). Furthermore the guidelines community has been
concerned to ensure that the process definition formalises processes in a way that
reflects clinical tasks and constraints as clinicians perceive these. “Task Network
Languages” have emerged as a way of achieving these objectives.

The motivation for developing task network languages for CIGs is summarised by
Peleg et al [20]: “A key component of guideline-based decision-support tools is a

machine interpretable guideline model ... that unfolds over time. To model such
guidelines, many groups have adopted an approach involving hierarchical
decomposition of a guideline plan into a network of component tasks. ... The plan

components provide design primitives that are custom-tailored to clinical guidelines.
Relationships among plan components, such as ordering constraints, can be described,
and tools for the visual representation of plans and the organization of tasks within
them are typically provided. This organization of a guideline model is very different
from that of rule-based systems, where the flow of control is not explicitly modelled.
TNLs differ in their emphases and in their approaches to addressing particular
modeling challenges. A subset of them (ASBRU, GLIF3 and PROforma) have put a
major emphasis on defining process definition /anguages ... which makes them more
directly comparable with business process modelling and workflow languages*

Peleg et al reviewed six task network models which had been developed to capture
clinical guidelines and evidence-based practice in a computer-executable and
interactive form (Asbru, EON, GLIF, GUIDE, PRODIGY, and PROforma) in order to
compare similarities and differences and establish a consensus on a set of common
components. A unifying feature of the task network schemes is that they represent
clinical guidelines in the form of a guideline plan. The plan’s components represent
decisions, actions, or hierarchically decomposed sub-plans of the guideline and their
relationships.

The Peleg et al study examined “several aspects of plan organization: (a)
supporting computational models, (b) mechanisms for nesting a high-level plan into a
network of lower-level plans, (c) sequential execution of plan components, (d) parallel
execution of plan components, (e) cyclical and iterative plans, and (f) entry points into
guideline plans. Note that sequential-, parallel-, and cyclical-execution define part of
the control flow of guideline plans. The other part is modelled by decision models ...
that conditionally direct control flow into selected branches of the guideline model.”
Some of these models have led to the development of formal process definition
languages that can support data interpretation, alerts, decision-making and the other
services required for modelling clinical guidelines (Asbru, GLIF, and PROformay).
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Although developed largely independently of commercial business process
engineering TNLs share some features with business process modelling and workflow
languages. In the next section we will compare and contrast TNLs and workflow
languages as candidates for developing a generalised approach.

2. Comparison of Workflow and Task Network Languages

The purpose of this section is to explore whether guideline technologies in the form of
TNLs offer an adequate foundation for a general representation language and
implementation platform for clinical process management systems. We shall suggest
that as well as supporting decision-making and a “natural” conceptualisation of clinical
processes TNLs can capture many workflow patterns required in typical care plans. To
illustrate this we will compare one particular workflow language, Business Process
Modelling Notation (BPMN), with one task network language, PROforma, developed
in our group. This has been used in many clinical applications (e.g. [10]). PROforma
has also been the subject of independent comparisons with other TNLs ([5, 20]) and
workflow languages ([2°;20].. However, we only wish to use it here as an exemplar of
the general approach. A similar analysis could be carried out for any of the languages
within the general family.

2.1 Workflow Modeling Languages

Business process modelling languages are intended to allow designers to formalise a
process definition such as a workflow, in which the notation shows visually who does
what, where and in what order activities are carried out. Figure 4 shows an