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Abstract. There is a great need to reuse data stored in electronic medical records
(EMR) databases for clinical research. We previously reported the development of
a system in which progress notes and case report forms (CRFs) were
simultaneously recorded using a template in the EMR in order to exclude
redundant data entry. To make the data collection process more efficient, we are
developing a system in which the data originally stored in the EMR database can
be populated within a frame in a template. We developed interface plugin modules
that retrieve data from the databases of other EMR applications. A universal
keyword written in a template master is converted to a local code using a data
conversion table, then the objective data is retrieved from the corresponding
database. The template element data, which are entered by a template, are stored in
the template element database. To retrieve the data entered by other templates, the
objective data is designated by the template element code with the template code,
or by the concept code if it is written for the element. When the application
systems in the EMR generate documents, they also generate a PDF file and a
corresponding document profile XML, which includes important data, and send
them to the document archive server and the data sharing saver, respectively. In
the data sharing server, the data are represented by an item with an item code with
a document class code and its value. By linking a concept code to an item
identifier, an objective data can be retrieved by designating a concept code. We
employed a flexible strategy in which a unique identifier for a hospital is initially
attached to all of the data that the hospital generates. The identifier is secondarily
linked with concept codes. The data that are not linked with a concept code can
also be retrieved using the unique identifier of the hospital. This strategy makes it
possible to reuse any of a hospital’s data.
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1. Introduction

The data entered into electronic medical records (EMR) are expected to be reused for
other purposes, especially for clinical research. If the data needed for a case report form
(CRF) can be retrieved from an EMR database, data collection activities become much
more efficient [1]. In the present circumstances, an electronic data capture (EDC)
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system is used to collect data for clinical research. However, because the EDC system
is completely separated from the EMR, a user must transcribe the data from the EMR
to the EDC system. We previously reported that we developed a system to
simultaneously record an EMR progress note and a case report form (CRF) using a
template in the EMR. The electronic CRF was compatible with the Operational Data
Model (ODM) produced by CDISC [2], is sent to clinical data management system
(CDMS) in a data center [3]. This system can prevent the entry of redundant data into
the EMR and CRF, which not only makes the data collection process more efficient but
also reduces transcription errors.

If the data originally stored in the EMR database can be retrieved by templates, the
data collection process becomes more efficient. For example, in the case that a CRF
requires the ejection fraction (EF) measured by an ultrasound cardiogram (UCG), the
ability to retrieve the data from the patient's UCG report and automatically populate the
EF field in the CRF, would reduce the time and effort required to make the CRF. In this
paper, we describe a method for retrieving data from the EMR database using the
template.

2. Outline of template system

The template is a system that presents frames to users and allows them to enter data
according to the frame. We developed a template system that can dynamically change
the subsequent frames according to the data that is entered [4]. This was implemented
in the EMR system and has been used for years. The template system outputs both
structured data (represented in XML [Data XML]) and narrative text data, which are
generated by a natural language generation technique. The master data that control the
contents of a template are also represented in the XML file (Template XML). The core
program of the template (Template engine) reads the Template XML, and then
functions as the template. This Template engine was developed using the .NET
Framework (version 3.5).

The Template XML file is composed of various units consisting of an item and
options or a textbox arrayed in a tree structure. An element code, which is unique in a
template, is assigned to each item and option. The concept code is linked to an element
code if required. After a user enters data into template, the Template engine creates a
Data XML file, which consists of data with an element code, which is linked to the
concept code if it exists.

When the Template engine is invoked by each application program, it reads the
corresponding Template XML and opens the template. After data are entered using the
template, the Template engine outputs the narrative text data, which is returned to the
application, and the Data XML file, which is stored in the Data XML database. The
Data XML file is transferred and the data elements that are included in the file are
stored in the Template element database where one record corresponds to one element.

3. Reuse of data in the EMR using the template
The data collected by the template are not only entered by users but also retrieved from

the EMR database. Although the databases in the EMR store various kinds of data, the
data required by clinical research is limited. The source data for the retrieval of data in
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the current system are the patient’s name, sex, birthday, height and weight, laboratory
test data, hospitalization and discharge data, operation data, prescription data, data
entered by other templates, and data stored in a data sharing database.
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Figure 1. Data flow for Template system. (The italic labels of the arrows explain the process or the content
that is being transferred)

We developed interface plugin modules that retrieve data from databases in the
EMR. The template engine calls the plugin module to retrieve data according to the
designation written in the Template XML file.

3.1. Retrieving data from the databases in the EMR

In the case of retrieving laboratory test data, the patient ID, item code, start date, end
date and number of data retrieved are set as the parameters of the interface module. The
item code in the database in the EMR is a local code. On the other hand, the item
designated in the Template XML file is written using a universal keyword. Thus the
Template engine converts the universal keyword to the corresponding local code by
referring to a data conversion table. It also receives the multiplied number to convert
the values to a single standard unit value. The Template engine will then call the
interface module and set the local code as the parameter.

The number of data parameters controls the selection of the candidate data during a
designated period. For example, if the number of data is set as 1, it retrieves the data
obtained before the end date and the most recent date. If this parameter is not set, all of
the data obtained during the designated period are returned. If the number of returned
data is more than one, the returned data are passed to the data picking module that
allows users pick one of the candidates, which is returned to the Template engine.

The Template engine populates the data with the corresponding item data after
multiplying the number obtained from the data conversion system.

3.2. Retrieving data from the template element database

There are two methods for retrieving template data. One is to designate data using the
Template element code with the Template code. Using this method, any elements can
be retrieved. The second method is to designate a concept code. The second method is
used to retrieve data that may have been entered by several templates.
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3.3. Retrieving data from the data sharing database

In the EMR system, when an application generates a document that should be stored as
medical record, it also generates a PDF file and the corresponding document profile
data represented in the XML file and sends them to the integrated document archive
server and to the data sharing server [5]. The Document profile XML file includes the
patient ID, document class code, event date, and other important data. The important
data are represented as items with item codes and values.

Because the document class code is a local code that is unique to the hospital and
the item code is unique to the document, the item code and document class code
identifies the item element in the hospital. By linking a concept code to this item
element identifier, the item element can be retrieved by designating a universally
available concept code.

The interface module for the data sharing database searches for the corresponding
data using the patient ID and the concept code.
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Figure 2. The data flow during the retrieval of data by the template (Bold arrows indicate files, dashed
arrows indicate data. The labels in italic text explain the process or the content that is being transferred)

4. Discussion

There is a great desire to reuse data entered into EMR databases for clinical research
[6]. We developed an interface plugin module for our template system to respond to
this request. In order to retrieve objective data, the system needs to acquire a local item
code from a universal concept keyword.

Examination report data are among the most frequently required types of data in
clinical research. However, the data are usually buried in free text. Retrieving data from
text is difficult. Whenever possible, we use templates to write records, especially when
the recording data has the potential to be reused in other applications. For example, the
reports of the UCG are written using the template. Thus, the ejection fraction can easily
be retrieved from the UCG reports in the CRF of a study on cardiac disease. The
pathological examination reports in our hospital are generated by a specific system.
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This system also generates a PDF file and a document profile in an XML file that
includes the diagnosis, histological type, and other details as important item data. These
data are stored in a shared database, and can be retrieved in a CRF via the template.

Open EHR has been proposed for generating structured data that can be reused [7].
Open EHR employs a strategy of generating templates using a combination of
archetypes, which are originally standardized. The data entered using the open EHR
technique can be reused with absolute certainty. On the other hand, time and manpower
are necessary to create templates and the data entered using the template may not
necessarily be reused. In Osaka University Hospital, we prepared more than 2,000
templates for use in clinical practice. Other hospitals use similar but different templates
that are adapted to their clinical practices. We therefore believe that the productivity of
the templates should therefore be considered with regard to practical use. We employed
a strategy in which unique identifiers were attached to all of the data generated by a
hospital, which was secondarily linked with the concept code. The data that is not
linked to a concept code can be retrieved using its identifier within the hospital. The
data conversion system, which returns a local code corresponding to a universal
concept keyword, is helpful for this task. This strategy is flexible and makes it possible
to reuse any of the hospital’s data.
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