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A patient record is typically a document updated by many users, required to be represented in many
different layouts, and transfered from place to place. It is also an object for various types of queries.
Opposite to the fixed-length data typical for administrative data the clinical data is usually represented
as a free text. Thus, the patient record is a good candidate to be represented structured and coded using
the SGML document standard.

The use of the SGML requires that the structure of the document is defined in advance by a Document
Type Definition (DTD) and the document follows it. If the structure is defined based on the paper form,
the structure does not necessary reflect what the doctors and nurses actually make in their everyday
practise. This paper represents a method which derives an SGML DTD by starting from the description
of the usage of the patient record in medical care and nursing.

1 Introduction

The electronic patient record (EPR) [Car94, BPD96] is an answer for the well-known difficulties in the
use of the paper patient record [Bra94, PSRL94]. Numerous electronic patient record systems have been
implemented in particular environments with the use of some predefined techniques (for example, certain
databases, certain programming languages, etc.). This approach has influenced new problems when
additional features have been added into the system, when data has been transfered between various
systems and when old data needs to be processed with new program versions.

An opposite approach to these specific implementations is taken in a set of systems or prototypes
which represent the patient record as a structured document containing the standardized markup [Ben96,
PGRT97, YOO198]. SGML (Standard Generalized Markup Language)[ISO86] is an international stan-
dard to define the markup notation used in structured documents. An SGML document follows the
structure which is defined in advance with the use of a Document Type Definition (DTD). The DTD can
be designed by considering the paper patient record and by defining the potential semantic elements and
their relationships [MEA96, TW96]. The derived structure may, however, conflict with what doctors and
nurses actually require in their everyday practices. The problem here is that the necessity of information
is not considered and new information requirements may not be found. Further, the possibilities evaluate
the medical care and nursing routines may not be discovered. Also, the queries from the EPR are not
considered.

The aim of the paper is to develop a method for the derivation of an SGMIL DTD by starting from
the description of the utilization of the patient record in medical care and nursing. Here we emphasize
the improvement of the medical treatment, the rationalization of the information flow and the quality of



the system. The method has the following steps:

1. The flow of the data in the clinic is considered from the patient records point of view. The traditional
dataflow analysis [You89)] is used.

2. The conceptual modeling is done using the Unified Modeling Language (UML) [Boo98]. Here it is
important that the model describes the medical treatment in a natural way.

3. The tree diagram [MEA96] of the SGML DTD is created from the UML class diagram using a set
of rules presented in Section 4.

2 UML class diagrams

Figure 1 presents an example of a part of the class diagram of the simplified patient record with the most
important concepts and notations of the object-oriented approach explained below.
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Figure 1: An UML class diagram

The concepts of the real world are objects, for example patient record, clinic, blood test, etc. Each
object possesses an identity, a state (consisting of the values of its attributes), and a behavior (methods).
An attribute of an object can be an object. This leads to the aggregation relationship between objects.
The relationship of the aggregation may be one-to-one, one-to-many and many-to-many (the last one
is changed into two one-to-many relationships). The objects are defined in classes which form a class
hierarchy. The objects sharing a common definition belong to the same class, while objects resembling
each other belong to the same class hierarchy. The class hierarchy allows subclasses to inherit properties,
i.e. attributes and methods, from superclasses. The superclass is a generalization of it’s subclasses.
Concrete classes define objects. Other classes are abstract classes and they are used for the definition of
the properties that subclasses inherit. The class hierarchy enables the analysis of the similarity of the
objects.

The object-oriented approach offers concepts and notations especially for conceptual modeling of the
domain. The reusability and similarity of the concepts is carefully considered. Salminen et al. [SKL97]
have developed a method for document analysis applying the methodology of Shlaer and Mellor [SM92].
The experiences were encouraging.



In the definition of the structure of the EPR we utilized Unified Modeling Language (UML) [Boo98].
In the UML the analyst defines use cases, class diagrams, state diagrams and interaction diagrams. Figure
1 represent a class diagram.

Our target was to analyze carefully where in the organization the information of the EPR is utilized
and in which order, what is the importance of the information and when, where and why the information
about the patient is gathered to the EPR. Therefore we made a careful analysis with doctors, nurses
and secretaries of the Department of Pediatrics of the Kuopio University Hospital. We felt the UML
insufficient for the description of the flow of the information in the organization. Hence we utilized the
traditional data flows [You89] of the structured analysis in describing how the patient record is used in
a hospital clinic and how 1t is transported from one hospital clinic to another.

3 Structured document and SGML

SGML (Standard Generalized Markup Language) [ISO86] is an international standard to define the
notation which is used to represent structured documents containing free text. A structured document
consists named elements of the content whose identifiers and hierarchical relationships are defined in the
DTD. The DTD is common for a set of documents (for example, books, articles, patient records) and all
the documents of the type have to follow the DTD. The DTD defines a hierarchical structure, which, for
example, can be represented as in Figure 2.
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Figure 2: A hierarchical structure of a patient record

The DTD defines for each element a content model. It specifies the subelements, their order and
existence conditions. The DTD consists of a set of rules. Each rule starts by the characters <!ELEMENT
and ends with the character >. The rule has three parts: the name of the element, indicators for the
existence of the markup, and the definition of the content model. The rules for the patient record in
Figure 2 start as follows

<!ELEMENT patient - - (name, visit*)>

<!ELEMENT name - - (#PCDATA)>

<IELEMENT visit - - (day,clinic,doctor?,problem)>
<!ELEMENT date - - (#PCDATA)>

This DTD defines that the patient element consists of the name of the patient (name) and zero or more
visits (visit#) in the clinic. The patient name is a sequence of characters (#PCDATA) defining a content
element. The day, clinic, doctor? and problem elements are contained in the visit element, in this
order and by the condition, that the doctor element is optional. The characters — — after the element
identifier state that the element markup has to exist in the document instance.

A document instance according to this DTD contains the markup which uses the start and end tags.
For example, the start tag for the element patient is <patient> and the end tag < /patient>. The
instance starts as follows:



<patient><name>John Hui</name><visit><day>21.12.1998</day><clinic>...
</clinic><doctor>...</doctor><problem>...</problem></visit><visit>...</visit>...

If the content model of the element exists in many places of the DTD, it is possible to define a parameter
entity to shorten the DTD as follows:

<!ENTITY % timeandplace "day,clinic">

The parameter entity is used like an element in the DTD, but there are no tags for the parameter entity
in the document instance.

4 From the UML class diagram to the SGML DTD

The potential semantic components are designed in the UML class diagram. In this section the question
is, which decisions can be derived from this diagram. We present a set of rules which the analyst can
use to generate the DTD tree representation defined in [MEA96]. The DTD can be easily written from
the tree representation. The generated rules can be grouped into transformation rules and placement
rules. Figure 3 represents a sample class hierarchy and the resulting DTD tree in order to clarify the
explanations of the rules.
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Figure 3: An UML class diagram and the corresponding DTD tree representation

The transformation rules are as follows.

Rule 1: The concrete class generates an element. (For example, classes 4, C, D, F and G)

Rule 2: The abstract class generates a parameter entity. (For example, classes B and E)

Rule 3: The attribute generates a content element (For example, the attributes a1 and a2 of &)
Rule 4: The parameter entity may be divided into many parameter entities.

The placement rules are the following.

Rule 5: The parameter entity corresponding to the super class in the generalization relationship is
placed into the content model of the element or parameter entity corresponding to the subclass.
(For example, the super class E of the subclasses F and G)

Rule 6: The part in the aggregate relationship is placed as an element or a parameter entity of the content
model of the element corresponding to the aggregate. (For example, the aggregation between the
class B and classes C, D and E)

Rule 7: The element corresponding to the attribute is placed into the content model of the element or
the parameter entity corresponding to its class. (For example, the attributes e1, e2 and e3 of the
class E)



When we applied the rules to the class hierarchy on the left side of Figure 3 the tree diagram of
the DTD on the right side of Figure 3 was produced. The class diagram does not, however, define
all the information needed to generate the DTD. First, the order of the attributes or parts is not fixed.
Orders were defined by discussing with the users and examing the paper patient record. Second, elements
corresponding attributes of the abstract class may be grouped in various ways when they are placed into
the content models of the subclasses. For example, the attributes of %E may be required so that the
e2 forms a group and e3 and el another group. In this case, the abstract class will generate several
parameter entities, one for each group (Rule 4); the names for these parameter entities are formed by
indexing (for example, 4E1 and %E2). In practise, the grouping can be made in the following way: first,
every attribute is placed into the content model of its own parameter entity; second, if later it is found
that certain attributes always belong together, a common parameter entity is generated for them.

The relationship between the aggregate and the part defines how many elements are generated into
the content model. If the relationship is one-to-one, then only one element for each part is generated. If
a part may exist many times (relationship one-to-many) there are two possibilities. If the relationship
is 0..n, then the repeating element is marked by a star character * (for example, the class C). If the
relationship is 1..n, then the repeating elements is marked by a plus character +. If the repeating part is
abstract it generates a parameter entity into the content model of the element of its subclasses. In this
case it is replaced by elements or parameter entities corresponding to the subclasses. This situation exists
in our example for the class E which actually should be marked by a + character. But since the class E
has two subclasses F and G, the parameter entity %E is replaced by elements F and G and located into the
content model of both F and G. The character ? defines that F and G may exist or may be missing.

5 Results and conclusions

We applied the method to define the SGML DTD for the patient record of the Department of Pediatrics
in the Kuopio University Hospital.

First, we made a careful analysis with the staff of the outpatient ward of the Department of Pediatrics.
We utilized the traditional data flows in describing how the EPR would be used and transfered in the
department. We noticed that the doctors and nurses felt the data flow analysis as a natural way to
describe their work. They felt it more easy and natural to describe what information they need in taking
care of the patients than to design the class diagrams and to classify the objects. They also felt that the
diagrams gave them a lot of information about their actions.

Second, we modeled the content of the EPR with UML class diagrams. Here we tried to increase uni-
formity, reusability and comprehensibility of the system. At the same time we took into the consideration
the queries that the doctors and nurses desired to ask from the EPR data.

Third, we applied the rules represented in Section 4 to the UML class diagrams to generate the SGML
DTD of the EPR.. The rules produced the tree diagram almost automatically without requiring “too much
intuitive design”. Instead of including the whole DTD below we represent the DTD generated from the
class diagram of Figure 1.

<!ELEMENT patient-record - - (patient-information,summary-line*,blood-information%,
pediatrics-visits?,pathology-visits?,
radiology-visits?)>

<!ELEMENT patient-information — - (name,address)>

<!ELEMENT summary-line - - (diagnosis)>

<!ELEMENT blood-information - - (group,antibodies)>

<!ELEMENT pediatrics-visits - - (problem,history,status,
%continuing-patient-record-of-the-speciality)>

<!ELEMENT pathology-visits - - (request, reply,
%continuing-patient-record-of-the-speciality)>

<!ELEMENT radiology-visits - - (statement,

%continuing-patient-record-of-the-speciality)>
<!ELEMENT (name,address,diagnosis, group,antibodies,problem,history,status,request,



reply,statement,clinic-number,clinic-name) - - (#PCDATA)>
<!ENTITY %continuing-patient-record-of-the-speciality "clinic-number,clinic-name">

The method produces a DTD which is very suitable to be used by the users. Since the classes and
attributes in the UML diagram have very content-based names the DTD also uses the specific identifier
names. The SGML editor programs use these names to advice the user. However, we are convinced
that using another set of rules to the same UML diagrams, also a DTD more flexible for queries can
be generated. This will be the next step in our work. To get more material to test the method we are
currently analyzing the work flows in the inpatient ward of the Department of Pediatrics. The interesting
point will be whether the generated DTD differs from the DTD generated for the outpatient word.
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