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Abstract

Clinical protocols and guidelines are widely used in the medical
domain to improve disease management techniques. Different
software systems are in development to support the design and
the execution of such guidelines. The bottleneck in the guideline
software developing process is the transformation of the text-
based clinical guidelines into a formal representation, which
can be used by the execution software. This paper introduces a
method and a tool that was designed to provide a solution for
that bottleneck. The so-called Guideline Markup Tool (GMT) fa-
cilitates the translation of guidelines into a formal representa-
tion written in XML. This tool enables the protocol designer to
create links between the original guideline and its formal repre-
sentation and ease the editing of guidelines applying design pat-
terns in the form of macros. The usefulness of our approach is
illustrated using GMT to edit Asbru protocols. We performed a
usability study with eight participants to examine the usefulness
of the GMT and of the Asbru macros, which showed that the pro-
posed approach is very appropriate to author and maintain clin-
ical guidelines.
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Introduction

Currently, the medical staff are facing two major problems: the
information overload resulting from modern equipment, and the
need to improve the quality of health care through increased
awareness of proper disease management techniques. Clinical
protocols and guidelines should help to solve those problems.
“Clinical guidelines are systematically developed statements to
assist the medical practitioner and patient in making decisions
about appropriate healthcare for specific circumstances” [2].

Therefore, in the last couple of years various kinds of guideline-
supporting methods and tools were introduced which range from
guideline authoring methods to sophisticated guideline execu-
tion environments. For example, AsbruView [3] is a knowledge
acquisition and visualization tool, which was developed within
the Asgaard proj ect! [41,[9] to facilitate the creation, authoring,
and visualization of clinical protocols written in Asbru [5],[8].

1. Asgaard Project website: http://www.asgaard.tuwien.ac.at/
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To be suitable for physicians, AsbruView uses graphical meta-
phors, such as a running track with a finishing flag, to represent
Asbru plans. GEM Cutter [7] is a tool that was developed to sup-
port the transformation of a guideline into the GEM format. It
shows the original guideline document together with the corre-
sponding GEM document, similar to our Guideline Markup
Tool, and makes it possible to copy text from the guideline to the
GEM document. Guide-X / Stepper [11] [12] is a methodology
(there is no implementation yet) that describes a way to translate
a guideline into a computerized form. The formalization process
is divided into 5 steps, whereas each step has an exactly defined
input and output. There are two tools for translating guidelines
into PROforma [1] (i) AREZZO is designed to be used on client-
side only, whereas TALLIS [10] supports publishing of PRO-
forma guidelines over the World Wide Web. Other projects rely
on general knowledge acquisition tools, like Protégé [6], to cre-
ate guideline.
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Figure 1 - The basic idea.Translating a free-text guideline into
a formal representation supporting the tasks of the knowledge
engineer as well as the medical staff

Nevertheless, the bottleneck in clinical guideline and protocol
development cycle is the acquisition, validation/verification, and
maintenance of such guidelines. The existing guideline tools
have their inherent advantages and disadvantages, but they have
all one common drawback. They do not provide any possibility
to establish connections between the original guideline and its
computerized version. For example, if the validation of a guide-
line written in a formal representation leads to contradictions, it
would be helpful to see the corresponding parts of each inconsis-
tence in the original guideline. We have developed a tool that



P. Votruba et al.

provides such features, called Guideline Markup Tool (GMT). It
allows the creation of links between the original guideline and its
representation in a formal notation (compare Figure 1) — in our
case the Asbru language. Furthermore, it facilitates assembling
an Asbru guideline, by providing macros, which combine Asbru
elements into larger building blocks.

In this paper we will explain the main features of the GMT and
the results of the evaluation study. Finally, we present some pos-
sible improvements.

Method: The Guideline Markup Tool (GMT)

Currently, only limited supporting tools for the knowledge engi-
neers exist, which translate a guideline available in free text into
a guideline-representation language or a formal representation
language, like Asbru (compare Figure 1). Since many clinical
guidelines are published over the World Wide Web using the
HTML format, an appropriate tool should provide an HTML
view. Showing this view together with the content of the XML
file (which supports the viewing of the formal representation)
would facilitate the translation task. This leads us to the main
idea of the Guideline Markup Tool (GMT)' [13] (see Figure 2).

GMT is a tool that helps translating guidelines in free text into a
formal representation, by providing two main features: (i) link-
ing between a textual guideline and its formal representations,
and (ii) applying design patterns in the form of macros. The
GMT can deal with any formal representation defined in XML,
but the macros are typically tailored towards a particular guide-
line representation language. In the following we illustrate the
features of GMT using the guideline-representation language
Asbru.

Firstly, GMT allows the definition of links between the original
guideline and the Asbru representation, which gives the user the
possibility to find out where a certain value in the Asbru notation
comes from. Therefore, if someone wants to know the origin of
a specific value in the Asbru XML file, the GMT can be used to
jump to the correlating point in the HTML file where the value
is defined and the other way round.

The second main feature of the GMT is the usage of macros. A
macro combines several XML elements (in other words, Asbru
elements), which are usually used together. Thus, using macros
allows creating and extending Asbru XML files more easily
through the usage of common design patterns. Such design pat-
terns are often used algorithm and behaviours , which can be
found in guidelines.
Through these two features, GMT is able to support the follow-
ing tasks:
« Authoring and Augmenting Guidelines. We want to
be able to take a new guideline in plain text and create an
Asbru version of it, and to add links between the corre-
sponding parts of a guideline and an already existing
Asbru file.
* Understanding Asbru Guidelines. For an Asbru guide-
line, we want to be able to see where certain values in

1. Guideline Markup Tool website: http://www.asgaard.tuw-
ien.ac.at/~peter/GMT/
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the different parts of the Asbru guideline come from, and
how parts of the original text were translated into Asbru.
This is important not just for knowledge engineers, but
also for physicians wanting to get an understanding of
the language Asbru.

» Structuring Asbru. The GMT provides a list of Asbru
elements — the macros — that needs to be structured in a
way that best supports the authoring of plans. This list
will also provide a good starting point for teaching mate-
rial and defining particular subsets of the language for
particular algorithmic purposes (for example, adminis-
tering drugs).

[document node]
[#] [document type node)
@ <8 plan-library
@ 3 domain-defs
@ 3 domain {name="domain1"}
@ 3 parameter-group {title="test-params"}
D pararneter-def{name="param1", type="type1"}

@ A plans
@ & plan-group {title="default"}
@ = plan {name="plan1"}
D conditions
@ 3 plan-hody
D user-performed

Figure 2 - Resulting XML document. The contents of the
macro are inserted as child elements.

§ A plan {name="Anamnesis-abhormal-signs"}
D = comment {text="link"}
2 link {description="Evaluation of newbom infants who develop abnormal signs
9 = comment {text="link"}
7 link{description="2" id="102"}
@ 3 intentions
§ 3 intention {type="overall-state”, verh="achieve"}
@ S simple-condition
[7 is-known-variable {name="possikilit-of-other-diseases’}
@ <3 conditions
@ 3 ahort-condition {overridable="no", confirmation-required="no"}
© = simple-conditian
© < comment ftest="link"}
7/ link {description="Exit this algorithm to individualized clinical evalu;
D explanation {text="Exiting the protocal to individualized clinical evaluati
@ <A cornparison {type="equal'}
@ 3 left-hand-side
D variahle-ref{name="pathologic-reason"}

=

Figure 3 - Visualization of links in an Asbru macros file. The

link elements have a green background, the elements, which are

in a subtree that contains one ore more links are colored blue,
and the other elements are gray.

Features of the Linking Part

According to the requirements presented above, the user inter-
face is designed to show the contents of an HTML file (original
guideline), an XML file (Asbru representation) and a macros file
together in one window. Therefore, the GMT window is divided
into three main parts — Figure 4 shows a screenshot of the GMT
with loaded HTML-, XML- and macros files. The upper left part
of the window (component #1 in Figure 4) shows the contents of
the HTML file. The XML part consists of a hierarchical view of
the XML file (component #2a) and a detail view of the current
XML node (component #2b). The macros part contains a view
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of the macros structure (component #3a) and a pre-view of the
currently selected macro (component #3b). The following three
main features are supported:

* Inserting a macro/link. To insert a macro (or a link,
which is a special kind of macro), the target XML ele-
ment in the XML view and a proper macro in the struc-
ture view have to be selected. After clicking on the
insert-macro button the contents of the macro are
inserted into the currently selected XML element (see
Figure 2).

+ Activate a link. If links have been defined during the
translation of a guideline, they can be used to compre-
hend the connections between the original guideline and
its Asbru representation (see Figure 5).

» Link visualization. A useful add-on is the possibility to
visualize the spread of links in an Asbru file, where each
element in the XML view gets coloured differently — all
link elements get a green background, the elements that
belong to a link, are coloured blue, and the other ele-
ments are grey. In case links are inserted into an existing
Asbru file, this feature provides a good overview of all
unlinked parts (see Figure 3).

Features of the Macros

To demonstrate the usability of the GMT, a macros file provid-
ing macros for the work with Asbru files was developed. Asbru
experts modelling various guidelines in Asbru helped designing
these macros. To turn it into a highly sophisticated macros file,
future research, including a detailed analysis of the various kinds
of informal medical guidelines to derive macros as design pat-
terns, will have to be done. Table 1 shows the source code of a
sample macro compared to its representation shown in the GMT
and to the resulting target Asbru XML code.

i Guideline Markup Tool v1.3.1 —|o|x
file  HTML XML Macros Help
HTML - View @E@ =] @ < ?: XML - View newxml @@E@ ] ’E
-~ g
1 . = /’?\@ domain-defs (1) |
gpés_sia;?iézcadem} i —l \?_/ D domain {name="domain1"}
v e | ® Snansi .
@ < |plan-graup (1) {title="default'}| |
@ = plan (2) {name="plan1"} :
Pediatrics Volume 94, Number 4 October, 1994 — L] condiions E
Management of Hyperbilirubinemia in the ;L it ’\-?V‘ [
] Name Value
Healthy Term Newhorn j {ime Setault

ttribute: Insert

|

Structure - View [ <8)[48| [s]-][®/[¢] > {Macro
l—’@mn rLevel 2 ‘Level3 |~ [€8 Macro: Plan
\ g “ | @ < plan (2) {name="?"}
‘=Plans =i Plan = E conditions
3 Damaing B @ Canditions ; ||| —& 3 plan-body (1)
3 Intentions = ~| /\3) [ to-be-defined
I I3 =

O Definiions
BB

Ready.

Figure 4 - Screenshot of the GMT window

Evaluation

We performed a small, qualitative study on the usability of the
GMT. We chose eight knowledge engineers, who were familiar
with the Asbru language (two of them were even Asbru experts).

The evaluation procedure consisted of three phases:

(i) aquestionnaire assessing the skills of the participants;

(il) an exploration session, where the participants examined the
functionality of the GMT;

(iii) a questionnaire assessing the overall impression and the
three views in particular.

The first phase showed that the sample was quite homogeneous,
having similar skills (e.g., knowing various programming lan-
guages and software). However, the medical knowledge in the
group, in particular knowledge about guideline-based care, was
quite limited

The second and third phase confirmed that the three views (HT-
ML, XML, Structure View) are very appropriate to author and
structure clinical guidelines and to translate such clinical guide-
lines into a formal notation, like Asbru. The linking features in
both directions facilitated structuring guidelines’ text, the re-
trieval of knowledge parts, and retracing of possible flaws and
errors. One drawback of the GMT was that everybody was ex-
pecting a fully functional XML editor for in the XML View.
However, we were not focusing on such an editor, but features
like copy, cut and paste or drag&drop were requested. Finally,
the macros helped the participants to understand and write better
Asbru code, however, this part needs more guiding features and
design patterns to write Asbru guidelines more easily. In summa-
ry, the participants rated the GMT as a very powerful and useful
tool, which will support the implementation of clinical guide-
lines.

=i Guideline Markup Tool vi3.1 SR =lolx|
File  HTML XML Macros Help
HTML - View |jaundice_linked htrnl ‘g‘j@ @ <3 XML - view  [jaundice_iinescoon| | 3/[=3] > ][@] @
5. FONOW-TI SHOUIT BF PEOVIEET 0 all TIE0fEres gt ged (o) @ T T T e
Iess than 48 hours after birth by a health care professional in [ ¢ 2 link{linke d-tex="serun—
an office, clinic, or at home within 2 to 3 days of E L1 parameter-ref (name="T5
discharge. [23] @ 3 time-out (1)

: [ now
9. Approximately one third of healthy breast-fed infants have 2 - @ = askiy

@ = comment (1) {tex="link'} =4
ﬂ link {linked-text="direct|
@ 3 comment (1) {ted="link"}
Z link {linkad-text="geru
(] parameter-ref {name="dirg

persistent jaundice after 2 weeks of age.[27] A report of dark
urine o light stools should prompt a measurement of direct
serum bilirubin, If the history (particularly the appearance of
the urine and stool ) and physical examination results are
normal, continued cheervation is appropriate 1 jaundice

persists beyond 3 weeks, a urine sample should be tested for o UDmE’,;DD:I\: o

‘hitiruhin, and a measurement of total and direct serim i @ & ask(4)

Tiliphin obtained. @ =1 comment (1) {text="link"}
Tm;tb;rliem 7 link {linked-text="a urin

@ T comment (1) ftex="link" =

Figure 5 - Link activation. When clicked on a link endpoint in
the HTML view, the counterparts are highlighted in the XML
view

More detailed analyses and results of the study can be found in
[13].

Conclusions and Future Work

In this paper, a new guideline tool, called Guideline Markup
Tool (GMT), is introduced. It supports knowledge engineers in
translating clinical guidelines into a formal representation — we
illustrated the power of the GMT applying the method to the im-
plementation of clinical protocols written in Asbru. It does this
by providing macros to facilitate assembling Asbru guidelines.
A macro contains a structure of Asbru elements, which belong
together.
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Table 1: Macro Plan. It can be used to insert a new plan together with the most important plan accessories. The name of the plan will
be asked from the user (as defined by the «?»)

<element-ref name="conditions"/>
<element-ref name="plan-body">

</element-ref>
</element-ref>

Macros File Result
5% Macro: Plan
<macro name="Plan"> @ < plan {hame="7"}
<element-ref name="plan’> D conditions
<attribute-ref name= 'r]a[rje @ = plan-body

<element-ref name="user-performed'/>

D user-perfarmed

<conditions/>
<plan-body>
<user-performed/>

</macro> </plan-body>
</plan>
But the main feature of the GMT is the ability to create and References

maintain links between a guideline HTML file and its represent-
ing Asbru XML file. The knowledge engineer should always de-
fine links during the translation task. If the resulted Asbru XML
file is used as an input of another Asgaard tool, it may happen
that someone wants to know the reason for the choice of a par-
ticular Asbru element or the origin of a specific attribute value.
The GMT can be used to answer such questions or to retrace er-
rors.

To be consequently, links also work in the other direction, which
allows easier comprehension of the translation process and
thereby facilitates learning of the quite complex language Asbru.
Therewith, the GMT can be used to find out how a particular
passage in the text of the original guideline has been modelled in
Asbru.

To demonstrate the applicability of the macros and to increase
the usefulness of the GMT, a prototype of an Asbru macros file
was developed.

The evaluation of the GMT has shown that there are still some
features missing, primarily to facilitate the work with the GMT
in practice. Certainly, the most needed feature during the evalu-
ation was the ability to undo the last action. Another demanded
feature was for example copy/cut/paste of XML nodes. A com-
plete list of all projected improvements regarding the GMT can
be found in [13] .

Since the Asbru macros file is still in progress, there is enough
room for improvements, too. The next step regarding the macros
file is to perform another user study, to find out which macros
should be improved and which macros are missing.
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