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Abstract. Translating clinical guidelines into formal models is benefi-
cial in many ways, but expensive. The progress in medical knowledge
requires clinical guidelines to be updated at relatively short intervals,
leading to the term living guideline. This causes potentially expensive,
frequent updates of the corresponding formal models.
When performing these updates, there are two goals: The modelling effort
must be minimised and the links between the original document and the
formal model must be maintained. In this paper, we describe our solution,
using tools and techniques developed during the Protocure II project1.

1 Introduction

Clinical guidelines are ”systematically developed statements to assist practi-
tioner and patient decisions about appropriate health care for specific clinical
circumstances” [1]. A guideline describes the optimal care for patients and there-
fore, when properly applied, it is assumed that they improve the quality of care.
The fast progress in medical knowledge in many fields leads to the need to update
guidelines frequently, leading to the concept of living guidelines.

There are several formal languages to model clinical guidelines in a computer
processable way, e.g., Asbru, GLIF, PROforma (see [2] for an overview and
comparison). While producing a formal model of a guideline has several possible
applications, it is difficult and expensive. In addition, the resulting model is often
difficult to compare to the original. Furthermore, if the guideline is revised, the
modeling effort is lost and it is not easy to detect which changes in the formal
model are required by the changes in the original text. At the same time, changes
in guidelines become more frequent as medical knowledge grows rapidly and the
evidence-based guidelines replace consensus-based ones.
1 Acknowledgement. This work has been supported by the European Commission’s

IST program, under contract number IST-FP6-508794 Protocure-II.
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Fig. 1. Modelling steps in Protocure II.

Our experience shows that updates of guidelines are evolutionary and com-
plete rewrites of chapters are infrequent. This means that a method which ef-
ficiently traces small changes through several layers of models has considerable
potential to save remodelling effort.

The LASSIE methodology uses information extraction to obtain as many
fragments of formal representation from a guideline in free-text as possible. This
approach is applied to support the idea of living guidelines [3]. It differs from our
approach in the modelling methodology – information extraction versus mod-
elling through human knowledge engineer. The combination of both methods is
under exploration.

The guideline authoring tool URUZ differs from the tools used in the work
described here in the modelling philosophy. The various slots (or knowledge
roles) in the ontology of the target language (e.g., Asbru or GEM) are filled
with informal content in a first step and optionally refined later. This requires
significant training of the users to reach agreement on how to apply the modelling
language and to reduce the diversity of modeller decisions [4].

In this paper, we describe our approach to modelling the changes in living
guideline with minimal effort as developed during the Protocure II project. In
Section 2, we describe the Protocure modelling process. We evaluate our ap-
proach in Section 3 and conclude in Section 4.

2 Method: The Protocure Modelling Process

2.1 The Models

Figure 1 gives an overview of the gradual modelling process we use. In our
application example, the original guideline was written in Dutch and therefore
it was translated to English and then converted to HTML. These first steps are
optional, of course, and country-specific.

In Protocure I we modelled the guidelines in Asbru directly from the original
text of the guideline [5]. This proved to be a complex task. In Protocure II we
therefore designed the intermediate representation MHB [6] to bridge the gap



between the original guideline and Asbru. Modelling a guideline in MHB means
to transform it into a series of information chunks. Each chunk has aspects
grouped into eight different dimensions. The most important dimensions are
control flow, data flow, and evidence base.

The process of writing the MHB version of the guideline is supported by the
Document Exploration and Linking Tool with Add-ons DELT/A [7]. The user
marks a piece of text in the original guideline, which is displayed as HTML in
the left-hand window in DELT/A, and selects a suitable macro. Each macro
represents a simple pattern in MHB, e.g., a particular aspect of a chunk.

When a macro is activated, it combines the selected text in the original
guideline with additional user input and predefined parts and inserts the result
in the MHB file. This allows the efficient creation of MHB file with little chances
to introduce errors such as typos.

Every macro includes delta-links, which connect the newly inserted elements
in the MHB file with the corresponding text in the original guideline. Clicking
on one of these links in the MHB file will bring up the corresponding text in the
left-hand (HTML) window. Likewise, clicking on the automatically created link
in the original text will bring up the corresponding MHB chunk in the right-hand
window.

In a second step, we create an Asbru [8] model, based on the MHB model.
This process resembles the one described above, except for the fact that the
MHB model is shown at the left-hand side and the Asbru model is created in
the window at the right hand, again using macros and inserting links between
the two files.

The Asbru model is then automatically translated to XML-KIV using the
Asbru-to-KIV translator. XML-KIV is then converted to KIV using an XSL
script. The result is imported into the KIV system, where it can be interactively
verified, to examine whether certain properties hold for the given guideline.

Using the delta-links it is easy to find the original guideline text for a given
part of the KIV or the Asbru model (via the links in the Asbru and the MHB
models) and vice versa. In addition to DELT/A, we developed two simple but
powerful visualisation tools, OMA and side-by-side. The first one displays origi-
nal guideline, and the MHB and Asbru models joined together using an HTML-
based, tabular abstraction of the XML-based syntax of MHB and Asbru. The
second tool displays two arbitrary XML files side by side as beautified HTML
closely based on the XML syntax. Both map delta-links to HTML links allowing
for the easy navigation through the different models.

2.2 Modifying the Models

Focusing on the highlighted changes in the text, we went through the HTML
text in DELT/A (and in parallel, in the OMA output). For each part of text
that was marked as either new or deleted and that had a delta-link attached to
it, this link was clicked on. If there was no link, then that particular piece of
text had not been modelled (e.g., scientific justification or headings) and hence
did not require further actions. Clicking on the link brings up the corresponding



Chapter Original Effort for
number effort (PM) changes (PM)

1 4 0.5
2 4.5 1.5
3 2 0
4 3.5 0.2
5 2 0.3
6 2 0.5

Table 1. Effort for original modelling and for modelling the changes.
(PM .. person month)

MHB chunk, in which the necessary changes were carried out. In most cases, the
changes did not affect the Asbru model (e.g., changes of background knowledge).
A (short) list of those changed chunks which could possibly lead to changes in
the Asbru model was kept manually. Future versions of DELT/A should include
support for versioning, which would replace the manually edited list.

Then the MHB file was displayed in the left-hand window and the Asbru file
in the right-hand one. Going through the chunks on the list and clicking on the
delta-links showed the relevant parts of Asbru which needed to be changed. Fi-
nally, the modified Asbru file was translated to KIV using the automatic Asbru-
to-KIV translator.

3 Results

Table 1 shows the modelling effort for the original model and for the changes. It
clearly shows that modelling the changes only caused a fraction of the effort of
modelling the first version.

This is not only caused by the efficient methods to support living guidelines.
Being acquainted to the content of the guideline and to using the tools and
representation certainly contributed to reduce the effort in the second round of
modelling. This was shown for Chapter 2, for which the Asbru model was redone
from scratch, due to the big changes in the chapter update. This took 1.5 person
months (PM) while the initial model required 4.5 PMs, i.e., 1/3 of the initial
effort. The effort for remodelling other chapters ranged from 1/8 or less to 1/4
of the initial effort, i.e., it was smaller in all cases and significantly smaller than
the effort observed for modelling Chapter 2 anew in many cases.

For some chapters the modeller changed between the two versions. However,
the sample is far too small and the chapters too different to draw any conclusions
regarding the influence of this factor from this experiment.

Overall, our experience showed that utilising the links between the differ-
ent chapters greatly reduced the modelling effort and helped to ensure that all
necessary changes of the model were performed.



4 Conclusion

We have shown that it is a good strategy to create a formal model of a real-
world clinical guideline in a multi-step process, transforming the free-text form
via more and more formal representations to temporal logics with clearly defined
semantics. In this translation process, it is important to maintain the connections
between corresponding parts in each pair of consecutive models.

Frequent updates to the original text of the clinical guideline, which are
required by the swift progress of medical knowledge, threaten to invalidate the
comprehensive modelling effort within short time.

Following the links of corresponding parts in our models, we devised a pro-
cedure to introduce minimal changes to the original model. At the same time,
following all relevant links guarantees the changes in the model to be exhaus-
tive, provided that the links are complete. While there is still an important part
of human modelling experience required, which precludes fully automated ap-
proaches, the effort is small compared to creating a new model, and a large part
of the original modelling effort is preserved. This hypothesis was confirmed in a
practical test on a real-world guideline.
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