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Abstract. A t Giessen u n i v e r s i t y , a d r u g f o r m u l a r y c o m p r i s i n g d r u g d a t a a n d
t r e a t m e n t g u i d e l i n e s i s s u p p l i e d t o c l i n i c a l users w h o c a n access t h e d r u g
i n f o r m a t i o n by a n i n d e x of d r u g substances a n d d r u g substance g r o u p s . The 
g u i d e l i n e itself is a t e x t u a l d e s c r i p t i o n w i t h r e l a t e d i n f o r m a t i o n such as d r u g
substances a n d d r u g b r a n d names. Since c l i n i c a l users a l s o w a n t t o access t h e
i n f o r m a t i o n by d r u g names, we h a d t o e x t r a c t t h i s i n f o r m a t i o n f r o m t h e t e x t u a l
d e s c r i p t i o n s . The e x t r a c t i o n however caused some effort. I n o r d e r t o n o t r e p e a t
t h i s effort in t h e f u t u r e , we used t h e e x t e n s i b l e M a r k u p L a n g u a g e (XML) t o
r e s t r u c t u r e t h e i n f o r m a t i o n sources. This p a p e r describes o u r experiences w i t h t h i s
k i n d of l e g a c y t o XML c o n v e r s i o n a n d o u t l i n e s a p o s s i b l e m i g r a t i o n p a t h t o w a r d s
t h e XML t e c h n o l o g y .

1. Introduction
At Giessen university, a clinical information system [1,2] has been developed for several
years. Besides clinical patient data it comprises a variety of medical information sources.
Drug information, hygiene plans and guidelines for blood transfusion, microbiology and
nursing care can be used at nearly 2000 clinical workstations [3,4,5,6].

A special emphasis has always been on drug information sources to support doctors when
prescribing medication for patients. For this purpose, we established a formulary of drug
recommendations or guidelines that is regularly updated by our hospital drug commission.
This drug formulary, the so called "Hausliste", is organized into groups of drug substances.
To each drug substance group there is a textual description or guideline that contains the
related drug substances and drugs. The clinical user can access the information as an
"electronic book" [6,7]. The electronic book provides an index of drug substance groups
and drug substances and has been implemented on a DOS, Windows and HTML browser
platform.

Clinical users are also interested to access the drug guidelines by criteria other than the
drug substance. Especially the access by drug names is highly appreciated. Since the drug
names are "hidden" within the textual descriptions, we had to invest some effort in order to
extract the required information. This paper describes, how the extensible Markup
Language XML [8] can be used to solve the extraction problem and, what is even more, to
avoid the problem for future plans.

2. The problem
The following figure presents an exemplary information source as it is provided and
updated by our pharmacist. These drug formulary units will be referred to as drug
resources. The drug resource is structured into drug substance groups, drug substances,
drug names, drug articles, drug units, drug prices (annulled for publication) and comments.
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Stand 17.12.1997

10800 Bronchialmittel - Asthmamittel Rote Liste: Hauptgr. 27

(siehe auch Husten - und Erkaitungspraparate, Seite 63)

10810 Beta 2 - Adrenergika

FREINAME
Artikelbezeichnung

Handelsname(n)
Stat.einheit Preis/Stk

FENOTEROL (-HBr) " Berotec(R) **
Dosieraerosol 0.20mg/Hub 15ml 1 AER 00.00
L6sung LS 0.5% 20ml 1 FLA 0.00

SALBUTAMOL

Dosieraerosol 0.1mg/Hub

SALBUTAMOL(-SULFAT)
Retardtabl 4mg
Retardtabl 8mg

BronchoSpray Klinge,
" Sultanol(R)"

1 AER 0.00

Loftan(R)," Volmac(R)"
TBL 0.00
TBL 0.00

TERBUTALIN (-SULFAT) Aerodur(R),
" Bricanyl(R)(/-Duriles) **

Amp0.5mg/1ml 10 AMP 0.00
Dosieraerosol 0.5mg/Hub (Aerodur(R)) 1 AER 00.00
Retardtabl 7.5mg 50 TBL 0.00

TOLUBUTEROL
Saft 1mg/5ml 150ml

Brelomax(R) **
1 FLA 00.00

F i g u r e I : O n e of approximately 2 0 0 drug 
resources as provided by the drug 
commission. The resource belongs to the 
drug substance group " B r o n c h i a l m i t t e l -
Asthmamittel".

The provision of a drug index required the extraction of the drug brand names from the
textual drug resources. We developed a parser that reads the line structure of the text and
then decides for each line whether it corresponds to a drug substance group, to a drug
substance or to a drug article. A drug article line could be identified most clearly by a drug
unit (AER, FLA, TBL and AMP). The decision for the other lines was more difficult and
required the analysis of preceding and subsequent lines (context). Once the meaning of a 
line was identified, the line could be further decomposed into its elements. However, since
the resource structure was guessed from a few sample files, there were many structural
exceptions such as multi-line drug articles (no consequent line structure), comments at an
unexpected location or missing drug units. The parser result consequently needed to be
checked by a person, and this was still a tedious task. The same procedure repeated as we
started to construct a drug dictionary. We started to ask the question: How can we reduce
the human effort in future, especially the human checks of the parser results?

3. Method
We decided to restructure the legacy format into an X M L format since the XML
technology promised a lot of support in terms of X M L parsers, X M L browsers and XSLT
processors. We used our existing drug parser in order to mark up the different drug
elements. Most of the contents was represented as X M L attributes (NAME, UNIT, PRICE).
Non-empty elements (GROUP, SUBSTANCE) are only used for the grouping of related
information. The SUBSTANCE element for example contains all related DRUGs and
ARTICLES. The current XML structure reflects the original legacy structure and might be
easily changed later with XSLT methods. The X M L markup solves the identificaton
problem, i.e. we can now reliably identify and extract the information inside the drug
formulary without human checks of the extraction results.
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3 C:\CPP\hl\anuaS9.xml - Miciotoll Internet Exploiei

- <GROUP NAME="10800 Branchialmittel - Asthmamittel Rote Liste:
<!—(siehe auch Husten - und Erkaeltungspraeparate, Seite 63

—>
- <GROUP NAME="10610 Beta 2 - Adrenergika">

• <SUBSTANCE NAME="FENOTEROL (-HBr)">
+ <SUBSTANCE NAME="SALBUTAMOL">
- <SUBSTANCE NAME="SALBUTAMOL(-SULFAT)">

<DRUG NAME="Volmac(R)7>
<DRUG NAME="LOftan(R)"/>
<ARTICLE NAME="Retardtabl 4mg" UNIT=*TBL" PRICE="0.00"
<ARTICLE NAME="Retardtabl 8mg" UNIT="TBL" PRICE="0.00"

</SUBSTANCE>
+ <SUBSTANCE NAME="TERBUTAUN (-SULFAT)">
+ <SUBSTANCE NAME="TOLUBUTEROL">
</GROUP>

</GROUP>

F i g u r e 2: XML structured drug resource. 
A n XML browser allows to navigate 
through the XML document in a 
comfortable way. Only the interesting 
drug substance has been opened (-), the 
other drug substances r e m a i n closed ( + ) .
N o user defined stylesheet is needed for 
simple browsing, i.e. we can browse the 
XML f i l e as i t is. 

During the unavoidable human checks of the XML drug resources we studied the structures
of all 200 resources and summarized them into a compact structure. In future we only have
to study one structure instead of 200 structures if we want to know the contents of the
formulary- For the electronic description of the drug resource structure the XML
technology provides several solutions such as DTDs (Document Type Definition) and
XML Schemas.

The last step in the migration from the legacy format towards the X M L format is the
development of a user interface. The user interface comprises two aspects, the presentation
of the drug information at the physician's office and the maintenance of the drug formulary
by the drug commission, namely our pharmacist. Both user groups, the contents requester
(physicians) and the contents provider (pharmacist), are barely interested in X M L markup.
The guideline presentation can be easily implemented using a browser platform and
corresponding XML stylesheets (XSL, CSS). While the pharmacist had to deal with
presentation issues of the legacy format, he can now leave the presentation issue
completely to the software engineer, since XML separates contents (XML document) from
presentation (stylesheet).

The hard nut in the development of the user interface is the data entry. We currently
implement a mechanism that translates between X M L documents and HTML forms. This
document-form-translation is performed by a so called form server. The form server
provides functions for data manipulation, data transparency and data retrieval. Data
granules in this context might be documents or document fragments such as single
elements and element levels. The form server can generate a new HTML form from a 
document type, i.e. a DTD or an XML Schema. Since the standard approaches DTD and
X M L Schema describe a document type rather than a form type, we designed a so called
template approach. Beside of structural information, a template may also contain user
prompts, data options and URIs for remote server access (fill existing data into the form).
The user may now start with an empty form, enter some data and let the form server
retrieve a list with the related documents in a context sensitive fashion. The user may then
select a document from the list. The form server converts the selected document into an
HTML form and provides the user with buttons for data manipulation (create, retrieve and
delete XML elements, save the document etc.). Transparency functions play an important
role for large documents. The user may e.g. close and open single elements or even
complete levels of the XML document.
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4. First results
As a first result we generated a list of approximately 700 drug substances and 1.000 drugs
that are used in our university hospital. Moreover we succeeded to map the "Hausliste" to
the German standard drug formulary, the so called "Rote Liste". The "Rote Liste" provides
some additional information such as drug interactions.

5. Discussion
Clinical information today can be split into two large partitions. The first is patient related
data which may be contained e.g. in an electronic patient record [9]. The second partition
comprises clinical information sources such as electronic textbooks, electronic dictionaries
or electronic guidelines. Both types of information are relevant for clinical staff and must
be available at the clinical workstation. Funded research programs such as IAIMS [10,11]
have especially concentrated on the integration between both kinds of information.

Many authors have emphasized the necessity to capture and to store clinical patient data in
a structured fashion and to avoid free text entries. Cimino for example depicts a transition
from unstructured patient data to more structured and coded data and emphasizes the
significance of universal codes [12]. (see Figure 3)

F i g u r e 3: Pushing the border to more structured data. T a k e n f r o m [ 1 2 ] .

However, far less has been published about the structuring of clinical information sources.
Health care asks for flexible information structures that can evolve over time. We think that
XML provides an excellent answer to this question, because XML makes structures more
explicit and easy to manipulate. We have started to adopt the X M L technology for the
solution of a concrete problem, namely the structuring of our drug formulary. We are
convinced that many other information sources might be structured and handled in a similar
way-
It turned out, however, that XML does not yet solve the problem of the end user access to
XML documents. So called X M L editors still confront the user with X M L markup and
cannot be used in a clinical environment. For this reason we developed a generic approach
that might be reused for other clinical domains. Figure 4 shows a very simple form for the
acquisition of patient data. This data entry form is generated automatically from a 
corresponding template that describes the form in terms of structure, user prompts and
remote data connections. Such a template is easy to adapt to the latest documentation
needs. This way we are able to combine the advantages of structured data with the
advantages of flexible documentation. By providing templates for several domains (drugs,
surgery, orthopaedics etc.) we might even manage a complete clinical document repository.
In that sense, X M L turned out a proper means to introduce structure into domains where
only little structure has been captured so far.
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^ http://pegasus.inf ormatik.med.uni-giessen.de/servlet/formserv?domain=patien

Dalei Bearbeften £nsicht Favoriten Extras ? 

1 * . @ m & 
j Zurlick Abbiechen AktuaEsieren Staitseite Suchen Fc

j Adresse http://pegasus.hformatilcmedurâ

Operator ������ ��	
�� � ��

�� � ��	
�� �

f patient
j^jiame

C geschlecht ������ j J

r date of birth1^ anschrift
C diagnosis

F i g u r e 4: H T M L form 
for the manipulation of 
XML documents. The 
name element is 
selected and the 
corresponding
operators show up i n
the upper frame. 
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