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Abstract

Standardising a documentary language makes only sense if
we use it for documentation consequently. Using an
example of Paediatric Oncology in Germany we have
developed a procedure that generates CRFs from a
documentary language. The introduced procedure has
proved to be feasible in practice. With it we can support
developers of documentation systems in creating their
CRFs; through the guarantied use of the documentation
terminology we further achieve that information recorded
with the created CRFs may be statistically analysed across
different institutions.
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Introduction

A major goal of medical informatics is the improvement of
the quality of information recorded in several information
systems in health care [1]. Therefore, there are many efforts
to standardise documentation systems and especially the
used documentary language inside organisations or even
across organisational boundaries [2]. Often there is the
problem that a unified documentary language is defined but
not used in practice consequently. In this article we want to
demonstrate a procedure by an example of multicentre
clinical trials in Paediatric Oncology in Germany how we
want to guarantee, that the defined documentary language is
used in practice by the help of computer based development
of CRFs.

Materials and methods

Clinical trials in Paediatric Oncology

In Paediatric Oncology in Germany, much information is
shared between Paediatric Oncology Centres, responsible
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for treating children suffering from malignant diseases, and
clinical trial offices, doing research on the best therapy for
the children [3]. Clinical trial centres work out guidelines
for the treatment of the children whom they refer to the
paediatric oncology centres by means of therapy protocols.
The Paediatric Oncology Centres report on administered
therapies and the course of the disease process of the
treated children to the clinical trial offices. For this they use
standardised CRFs that are part of the respective therapy
protocols. In Germany, there are 24 different clinical trials
trying to improve therapy in Paediatric Oncology. Each of
these clinical trials collects a set of record items on the
patients. But only a part (approximately 30%), called
common basic set [4], is standardised across all clinical
trials. Two problems arise, because terminology is not at all
standardised across different clinical trials. Documentation
is made more difficult for physicians, if different clinical
trials use special terms for identical concepts (i.e.: block vs.
element of therapy) or similar terms for different concepts
(i.e.: prephase of a therapy and pretherapy). Above all this
occurs if concepts are used that are not defined in universal
medical dictionaries. The second problem is, that the
clinical trial offices can perform only a strongly limited
number of statistical analyses across different clinical trials.

The data dictionary for Paediatric Oncology

The problems mentioned above that result from a not
unified documentary language shall be solved by the
project “computer-based data dictionary for Paediatric
Oncology”. This project wants to reach the following
objectives [5]:

1. To define a unified standardised terminology.
2. Todesign methodologies to guarantee that the

unified standardised terminology is applied for the
development of CRFs for clinical trials.

3. Todevelop a computer-based data dictionary that
supports the management of the defined
terminology.



Chapter 7: Electronic Patient Records

The individual clinical trials collect just an excerpt of the
set of standardised record items. Moreover, even after the
process of standardising record items, the set of possible
attribute values may differ across different climcal trials.
For example, each clinical trial stratifies its patients in
different appropriate strata according to specific criteria.
Therefore, we want to allow the use of trial-specific codes.
In order to see which clinical trials are effected by changes
of the uniform documentary language a manager of the
unified documentary language therefore needs the
following information: which clinical trials collect which
record items with what possible attribute values. In
addition, we want to support the clinical trial offices to
create databases for storage of collected data in their
clinical trial offices as well as in the computer-based
documentation systems in the clinics. We can accomplish
this support only if we can guarantee that the unified
documentary language is used on the CRFs. For these
reasons we want to offer the capability of creating
standardised CRFs through computer-based composition of
record items of the standardised documentary language. In
this paper we describe the method to attain the formal
definition of CRFs from a set of record items of a
standardised documentary language.

Results

Structure of the data dictionary

As described above, the data dictionary shall store and
provide two kinds of information: the standardised
documentary language itself as well as information about
all CRFs (Which CRFs exist and which record items are
recorded on them with which possible attribute values).
Therefore, the data dictionary consists of two parts: One
general part provides the standardised terminology and
another clinical trial specific part that contains information
about the trial specific usage of record items.

The general part of the data dictionary

The general part of the data dictionary is a collection of
record items that are at disposal for documentation
purposes. These record items are composed of three
concepts: An object class, whose data should be recorded,
an attribute type specifying the characteristic, that shall be
recorded, and a set of possible attribute values. An example
is shown in Table 1.

Table 1 — Examples for record items

Object Attribute type | possible attribute

class values

Disease Space of time {past, present}

Disease kind of {syndrome, malignant
disease, ...}

We distinguish 5 types of record items due to their data
types:
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o unlimited (except length) text

*  numbers

e date/time

e set of possible options

e references to other object classes

For each concept used for the definition of record items the
following information is stored: (For an example see figure

1)
e definition as a text or per genus et differentium

e preferred term and synonymous terms

o generic, partitive and associative relations.

Synonymous term
auris

AN

preffered term

ear definition as text

—Y hearing organ
generic relations

; definition per genu:
isa organ 0N per genus

et differentium
organ A function =
hearing

'd

partitive relations

part of the head associative relations

apoplexy

Figure 1 — example for information about the concept ear

The structure of CRFs

Figure 2 shows the typical structure of a CRF. It consists of
a CRF term (e.g. first report form) and a set of contexts
(e.g. master data, prior diseases). The contexts are strictly
monohierarchical structured. The context “prior diseases” is
a subcontext of “mother” for example. To these contexts
attributes are assigned. Attributes consist of an attribute
type (e.g. date of birth) and a set of possible attribute values
(e.g. years between 1900 and 2000). Each attribute is
assigned to exactly one context.

Flrst Report Form, —=""cgprsem |
anammunetiogd daky o T R
mm ' [alribute type [ oriberevalie |
; A < ]
[—tmwx: Cenurterdatd gy Pl | 5100 1520 :
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“r xhronoee s dbeTion | |

Figure 2 — Structure of CRFs
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Construction of CRFs by the use of a standardised
documentary language

According to the above-described structure of CRFs the
creation of CRFs consists of three steps:

1. definition of the CRF
2. structuring the CRF into a hierarchy of contexts

3. filling the contexts with attributes
We describe these steps in the following section.

Definition of CRF's

Defining a CRF one firstly has to assign a term to the CRF.
This term tells us, when the CRF should be filled out and
which kind of attributes should be reported. Typical terms
are “First report form” or “course of the disease form”.
Although, down the road, documentation will be mostly
done with the help of computer-based documentation
systems, paper-based CRFs must still be available since
some clinics don’t want or can not use the specific
documentation system. Paper-based forms do not
necessarily need to exactly match the computer-based
forms. Therefore each CRF should be characterised
whether it should be established as a computer-based or as
a paper-based CRF.

Building contexts

If one wants to build contexts, one has to assign a term as a
heading to this context that subsequently will appear on the
CRFs. The chosen term (e.g. patient’s master data) specifies
the class of objects whose attributes should be recorded in
this paragraph of the CRF. So the heading of the context
corresponds with the object class of record items of the
general part of the data dictionary. As described before the
general part of the data dictionary contains information on
which attributes can sensibly be reported for each object
class. Therefore the chosen term controls the selection of
attributes that can be recorded in this context. The example
in Table 2 shows record items that can be attached to the
context “patient’s master data”.

Table 2 - record items that can be attached to the context
“patient’s master data”

Object class Attribute Possible attribute
type values

master data name Text

person’s master data | first name Text

person’s master data | date of birth Date

In the general part of the data dictionary we have defined
object classes (e.g. master data) as general as possible.
Opposite to that the terms of the contexts should be as
specific as possible so that the set of objects whose data
should be recorded is specified precisely. For example:
Object class: “master data”, context’s term: “patient’s
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master data” or “master data of the insured person”. By the
selection of a more specific term it’s possible to limit the
set of possible attribute values inside a context. For
example it is reasonable to define a context “prior diseases”
as shown in Figure 2, although there is just an object class
“disease” in the general part of the data dictionary. With
this more specific term the user realises that he should only
document prior diseases. By that way the set of possible
attribute values of the record item “disease — space of time”
is limited to “past” automatically. Precondition for this is
that the general part of the data dictionary defines how
attribute values are limited by more specific context’s
terms.

The term chosen for the context has another relevance: It
fixes, which subcontexts can be built.

Building Subcontexts

Due to the strict monohierarchical structure of contexts in a
CREF, contexts can just be built as a root context of a CRF
or as a subcontext of an already defined context. There are
two kinds of subcontexts:

1. subcontexts associated with superovdinated
contexts and

2. subcontexts that are in an is- a relationship to the
superordinated contexts.

Ad 1: With the aid of the record items of data type
“reference to other object classes” defined in the general
part of the data dictionary the hierarchy of contexts can be
extended. If there are record items of the data type
“reference to other object classes” a new subcontext can be
built on the basis of the referenced object class. Example:
The subcontexts “mother’s master data” and “prior
diseases” can be defined as subcontexts to the context
“mother”, because the object classes “person’s master data”
and “diseases” are associated with the object class “person”
in the general part of the data dictionary.

Ad 2: In a context, characteristics of a special object class
are recorded. If additional characteristics have to be
recorded for a subclass of this object class, it is possible to
build subcontexts of a context referenced by a is-a
relationship. Example: The response to a specific therapy
block should be recorded for all patients by the attribute
“grade” of the object class “response” with the possible
values “good, bad, not existing, not measurable”. For a
response classified as a good response, the clinicians should
further be asked whether they could reach a complete
remission of the tumour. In this case the clinician has to fill
out the attribute “CR reached” of the object class “good
response” with the possible values {yes, no}. This attribute
cannot be captured in a context “response”, because it is an
attribute of the more specific object class “good response”.
On the other hand one can not capture both attributes in a
context “good response”, because all patients would be
classified as good responders on therapy automatically due
to the more specific context heading. So we need two
contexts: the context “response” and its subcontext “good
response”. This is only possible, if the subcontext is build
on the basis of a concept being defined as a more specific
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concept (per genus et differentium) of the heading of the
more general context.

Adding new attributes to contexts

Now, the existing structure of contexts must be filled with
attributes. It was explained above which attributes fit to a
context. Here we just want to emphasize that it is
impossible to add record items of the data type “reference
to other object classes” since these record items only serve
to build subcontexts.

By adding attributes to a context the term for the attribute
type is automatically filled up with the corresponding
preferred term, in order to assure, that terms on CRFs are
uniform.

For record items of the data type “option” it is possible to
adapt the choices to the specific clinical trials. This works
only in the way, that granularity of the choices is adapted to
the particular clinical trial. Furthermore, a code must be
assigned to all options.

Discussion

We have developed a procedure for computer-based
defining of CRFs based on a given documentary language.
The creation of contexts plays a central role in this
procedure, because they clearly arrange CRFs. Moreover,
we want to achieve that no attributes are added to contexts
whose presence depends on other attributes of the same
context. At the moment, we use this procedure in the field
of multicentre clinical trials optimising therapy in
Paediatric Oncology. Until now, we have defined CRFs that
are typically for Paediatric Oncology in Germany (e.g. first
report form, course of the disease form) for capturing
record items of the minimum basic set. For this the
described procedure proved to be feasible.

In the field of Paediatric Oncology this procedure could be
optimised by using the template CRFs of the minimum
basic data set. These template CRFs can be used as a basis
of the CRFs by adding clinical trial specific contexts and
record items and adapting already available attributes to
their needs.

With the described procedure we have defined contents of
CRFs. In order to get a particular real usable CRF, further
steps are necessary: like layout, printing (in the case of
paper-based forms), creation of a database for saving the
recorded data within the documentation system of the
clinic, creation of a database for saving the recorded data
within the clinical trial office and the programming of the
functionality of the documentation system (in the case of
computer-based forms). Nevertheless, the procedure can
already support the heads of clinical trials in Paediatric
Oncology in Germany. If they want to plan CRFs they are
supported by defining them on the basis of the standardised
documentary language. If they use the data dictionary we
can guarantee that terminology of the resulting CRFs is
conform to the standardised documentary language. But
they have to do further steps as described above (e.g.
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layout, programming of the functionality) manually. We
can also tell them, how a database schema can be derived
for storing the recorded data: For that they should use the
record items of the general part of the data dictionary. One
table has to be created for each object type. The columns of
the tables correspond to the attribute types. References
between different object classes must be represented by
foreign key attributes in the referenced tables (possibly
mere reference tables must be added). The procedure shall
be expanded by a component for summarising tables
reasonably. If the database schema is just derived from
contexts of CRFs there is the risk that this procedure would
create a confusing number of tables. As an alternative to
this method of deriving a database schema the EAV/CR
representation is introduced by Nadkarni [6]. We have
chosen a conventional design, because we are afraid that
the EAV/CR (Entity attribute value model with classes and
relationships) model would not be accepted by the heads of
clinical trials in respect to two drawbacks of EAV Design:
“It is less efficient ... for bulk retrieval of numerous objects
at a time” and “The process of performing complex
attribute-centric queries ... is technically more difficult.”

[6].

The EU funded GALEN —project has set itself the goal to
create CRFs for capturing data by a computer~program
from a general concept model [7]. With the aid of an
example of capturing data for a DIABCARD it was proven
that this is possible [8]. As far as the authors know, the
method has not yet been made available for common use.

Conclusion

In this article we have introduced a number of steps, that
are necessary for the creation of CRFs based on a uniform
documentary language. By applying this procedure, we can
make the documentation easier for clinics that participate
on several clinical trials, and we enable analyses across
different clinical trials.
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