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Abstract

General descriptions in medical records are so diverse
that they are usually entered as free text into an electronic
medical record, and the resulting data analysis is often dif-
ficult. We developed and implemented a template-based
data entry module and data analyzing system for general
descriptions.

We developed a template with tree structure, whose content
master and entered patient’s data are simultaneously
expressed by XML. The- entered structured data is con-
verted to narrative form for easy reading. This module was
implemented in the EMR system, and is used in 35 hospi-
tals as of October, 2006. So far, 3725 templates (3242
concepts) have been produced.

The data in XML and narrative text data are stored in the
EMR database. The XML data are retrieved, and then
patient’s data are extracted, to be stored in the data ware-
house (DWH). We developed a search assisting system that
enables users to find objective data from the DWH without
requiring complicated SQL.

By using this method, general descriptions in medical
records can be structured and made available for clinical
research.

Keywords:

medical records system, template, structured data entry,
data warehouse, XML

Introduction

Recently, electronic medical record systems have been
implemented and are used in many hospitals [1,2). The
medical staff expects data entered into electronic medical
records (EMR) to be linked with a knowledge base for
decision support, or used for assessment of medical activi-
ties and clinical research [3-5]. Medical records include
patient profile data, diagnosis, chief complaints, patient
histories, physical examinations, progress notes, records of
orders, examination reports, operation reports, summaries
and so on. Some of the patient profile data, diagnosis,
records of orders, and laboratory test results are originally
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structured data, and have thus been stored in the clinical
data warchouse (DWH) and previously used for clinical
research [6-8]). However, most general descriptions in
medical records are diverse and complicated, thus they are
entered as free text. The valuable data for clinical research
(e.g. stage of cancer, tissue type, side effects of medicine
etc.) are usually entered as free text. Analysis of data in
free text format is difficult. If these data are not available,
the data in EMR declines in value.

In order to analyze the entered data, it must be structured,
1.e. the description should be expressed by the assembly of
data elements that consist of item and values with codes
[9-11}. To get data into this format, an input template is the
most practical method [12]. By using input templates, the
entered data can be stored in the database and made avail-
able for data analysis. The descriptions in medical records
are so diverse and complicated, however, that the template
method is difficult to adopt. To overcome this problem, we
developed a tree-structured template named ‘dynamic tem-
plate’, whose basic concept was reported in 1998 [13].

It is usual to adopt a strategy of making templates based on
their own database files [14,15]. This strategy makes it
possible to analyze the data easily. Because of the lack of

-productivity and flexibility, however, it is difficult to pro-

duce templates for any possible description that might
arise within broad specialties.

In this paper, we report on the dynamic template module
and the method for analyzing the entered data by the tem-
plate. In our method, the contents of the templates are
independent of the database schema, thus the template can
be easily produced and freely revised. We have produced
many templates in broad specialties in every department.
Furthermore, any data entered by the templates can be
searched through DWH with the assistance of the search-
ing system.

Methods

Structure of descriptions in medical records

In this paper we term a cluster of descriptions a ‘describing
object’, which is a record about a certain property of a
patient at a certain point in time. A medical record can be
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considered as an aggregate of describing objects about one
patient. A describing object has the attributes of patient ID,
object name, observation time, description time, writer,
department, and contents. In our model, contents of a
describing object are expressed by the assembly in tree
structure of data elements consisting of items and values.

Template module

We developed the input template module to get the data in
this structure. The template contents can be considered as a
union of the possible descriptions of patients regarding a
certain describing object, i.e. each description of a patient
is a subset of the template contents. Thus the structure of
the template must be the same as that of the describing
object.

The template content is the assembly of data elements con-
sisting of items and options or text boxes, which are
arranged in a tree structure. The template module displays
all the elements in the same layer at once. When a value
that has some subordinate elements is selected, these ele-
ments are displayed under the selected value. Because the
template form changes according to the selected values,
we call it ‘dynamic template’ (Fig. 1).

Although the structured data is processed easily by com-
puter systems, it is difficult for users to understand.
Therefore, we adopted a strategy of converting the struc-
tured data into narrative form, using the following rule:
Each item and value has 4 types of character string: prefix,
body, conjunction, and suffix. Linefeed can be set after
each character string. If several values are selected for one
item, conjunction is set between these values. If there are
several items linked with one value, conjunction is set
between these pairs of item and value, and the suffix of the
value is set after those [16].

We adopted XML for the expression of the template con-
tents master. This master includes the information about a
structure of describing element, a way for expression on
template of these elements, and a way for conversion of
entered data to narrative form.

The main part of the elements in DTD of the template mas-
ter is as follow,

<!ELEMENT ATOM-LIST (ATOM-
STYLE,ATOM*)>

<!ELEMENT ATOM (ATOM-TYPE,DISPLAY-
STRINGDOCUMENT-STRING VALUE-LIST?)>

<!ELEMENT VALUE-LIST (VALUE-
STYLE,VALUE*)>

<!ELEMENT VALUE (VALUE-TYPE,DISPLAY-
STRING,DOCUMENT—STRING,ATOMfLIST‘?P

<!ELEMENT DOCUMENT-STRING (DOC-
BODY?,DOC-PREFIX?,DOC-CONJUNC-
TION?,DOC-SUFFIX?)>

<!ELEMENT DOC-PREFIX (##CDATA)>
<!{ELEMENT DOC-BODY (#PCDATA)>
<!ELEMENT DOC-CONJUNCTION (#PCDATA)>
<!ELEMENT DOC-SUFFIX (#PCDATA)>
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DISPLAY-STRING is the character string expressed on
the template. DOCUMENT-STRING is the character
string on the narrative form, which consists of DOC-PRE-
FIX, DOC.BODY, DOC-CONJUNCTION and DOC-
SUFFIX. ATOM is an item of the describing element.
ATOM-LIST includes ATOM, and ATOM includes
VALUE-LIST. VALUE-LIST includes VALUE, and
VALUE includes ATOM-LIST. In this format, the nested
structure is presented.

Because the entered patient data is sometimes recalled
with the original template and then revised, we adopted a
method in which entered patient data is included in the
template contents master. We put the SELECTED attribute
of VALUE-LIST element in the template master. Before
the value is selected, no is set to SELECTED attribute.
When the value is selected, it changes to yes. When a char-
acter string is entered in a text box, it is set as the element
of DISPLAYSTRING and DOCUMENT-STRING of
VALUE-TYPE.

ra

Narrative form

znd

1 sound pure, 2™ sound pure, no other sound

holosystolic murmur (apex Levein II/V high pitch
harsh)

diastolic murmur (2™ LCS Levein I/TV high pitch
regurgitant)
Figure 1 - An example of the dynamic template.

When the user selects “holosystolic” in “ murmur”, then
the portion under *...holosystolic™ appears. Afier data is
entered by this template, the narrative form is generated.

Storage of data into the EMR database

In the EMR database, all kinds of patient data are stored.
We call a cluster of information a ‘medical event’, which is
stored in one record of the database. The describing object
is one of the medical events. The data in XML and narra-
tive text data are stored in each field, respectively.

EMR database is not suitable for data analysis, because the
procedure for such analysis affects the response of the
daily online transaction procedure. Furthermore, the
patient data is included in the XML. Thus, in order to
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search the objective data, all the records have to be
checked. To overcome this problem, the data in EMR is
transferred to the DWH. In this process, the XML data is
parsed to extract patient data, which is stored in the data-
base of DWH (Fig. 2). The structure of the database of
DWH is quite simple. One record is made to correspond to
one value. The main fields of this database file are as fol-
lows: patient ID, date, template name, xPath name, xPath
code, value code, value name, suffix. The xPath code and
the xPath name indicate the traced items and values in the
tree structure. The xPath code (or the xPath name) is
expressed by the traced items and values codes (or names)
connected with *\”, e.g. \AOI\VO101\AQ2.

Tomplate . Tampiste
com | mrver Data anayss
o -
e ey P " OWH
iTemptats mates' Twmplste .
o . [ !
Dﬂam‘l' ——_— . PMI ‘s data
_ e .
[ e
-------- database =
PCorEMR] e — = L—M r
i'romplm ragter] | Pabert  Dete  Tempiate mavter | Neratne
+patient's cats 10 Pahert’s Cats fom
- BT e
o Yoor 1 on ’_T"il 82120000
1002 17 oa E HR=GOMn

Figure 2 - Flow of template master and patient s data

Search assisting system

We developed an application system for searching the
objective data from this database of DWH. In this system,
users easily designate the objective data using a GUI.
When users select an objective template, the system shows
the names of items and values in the template. Thus, users
can easily set the combination of search conditions in one
template. The character string entered in the text box can
also be the object of a search. In the case of numerical val-
ues, the conditions “more than™ or “less than” can be set.
The application system makes a SQL request according to
the user’s designation and searches the objective data from
the DWH database. When the system finds the description
that meets the condition, a progress note including the

description is shown. Additionally, the system shows the’

progress notes of other days for the same patient.

Results

Availability of template

Preparation of input templates that are useful and conve-
nient for every member of the hospital staff is essential
before a hospital initiates an EMR system. The task is so
large for each hospital that we formed an organization to
support the preparation of template contents and their sup-
ply. The template contents that are developed for hospital
use are then stored in the database, from which the staff of
the hospital can select useful ones for their practice. The
dynamic template module is used in 35 hospitals as of
October 2006. Different styles of templates were some-
times produced for a concept. As of that time, 3725
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templates (3242 concepts) had been produced and stored
in the database. The numbers of template in each class are
shown in Table 1. In the description of progress notes, the
number of templates for “physical findings” is much
greater than the numbers for “symptom”, “assessment” or
“plan”. Not only doctors, but also nurses, pharmacists and
nutritionists used templates. Templates are frequently used
in examination reports, operation reports, and summaries.

Table I — The classification of templates

Classification of Template No. of No. of
Concepts | Template

Symptom 37 46
Physical finding 399 494
Assessment 157 168
Plan 24 26

. Disease relating description 618 766
Patient history 184 211
Swmmary 62 64
Examination report 267 313
Operation report 55 62
Medical checkup 79 92
Description for 134 157
rehabilitation
Description by social worker 23 23
Description by nurses 956 1013
Description by pharmacists 12 12
Description by nutritionists 44 44
other 191 234
Total 3242 3725

We examined 100 templates randomly selected from the
database. When we count the same item linked with multi-
ple values as 1, the average number of items in one
template is 34.8. The average number of layers in one tem-
plate is 8.1. We examined the maximum depth of layers in
one template, and found 1 layer in 17%, 2 layers in 43%, 3
layers in 24%, 4 layers in 25%, and 6 layers in 1% of tem-
plates. The total number of items in the database is
estimated as about 112,800.

Data warehouse and search assisting system

The DWH and search assisting system were implemented
in Osaka University Hospital, and their usefulness was
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evaluated. Without the search assisting system, users have
to examine the xPath code of the value they want to search
beforehand. Furthermore, it is quite difficult to write SQL
for a combination of search conditions in one template.
Contrasted with this, users can now search the ‘objective
data easily by this searching system.

Discussion

General descriptions in medical records, such as progress
notes, examination reports, operation reports and summa-
ries, are so diverse and complicated that these data are
generally entered as free text in EMR. In order to use these
data for research, clinical evaluation and so on, natural lan-
guage processing is one of the possible methods [17,18].
However, to achieve good results by this method, all of the
words in the entire medical field, including abbreviations
and frequent typing errors, have to be entered into this sys-
tem beforehand. This would entail tremendous amount of
work.

The strategy of template-based data entry is a practical
method from the viewpoint of data analysis [12]. The sim-
ple templates that are generally adopted, however, limit
what users wish to express, and users have no choice but to
tolerate these limitations,

Descriptions in medical records are the observation
records of patients. When the observation object is normal,
the user just enters “nothing particular”. However, when
something abnormal is found, they describe the object in
detail. For the observation records, a tree structure is suit-
able: an abnormal object is described by several features,
which may be further described by other properties
[19,20]. Thus, a tree structure is necessary for the tem-
plate. If the structured data is expressed as it is in EMR, it
is not acceptable for users because it is quite different from
the expression in free text. A person prefers an expression
in which obviously understandable words are omitted,
rather than a strictly redundant expression. To overcome
this problem, we convert the structured data into narrative
form [16]. By using this template, users can enter what
they want to record in shorter time without the risk of typ-
ing errors. This strategy is quite acceptable for users.

The dynamic template is implemented in the EMR system
produced by NEC and 35 hospitals actively use this mod-
ule. Before starting to use EMR system, hospital staff
prepared templates useful for their daily practice. During
operating the EMR, templates were revised and new ones
were added according to the users’ requirement. More than
3725 templates have been produced and more than
100,000 items were entered in the template master. More
templates about physical findings or examination reports
have been produced than those about symptoms. Tem-
plate-based data entry is suitable for actively acquired
data. On the other hand, it is not suitable for passively
acquired data such as symptoms. The concept, which has

_ many options (e.g. portion of skin in dermatology), is dif-
ficult to handle with templates. Although the dynamic
template is not effective for every type of description in
medical records, its popularity and practical accomplish-
ments show that the strategy of dynamic templates, i.e.
tree-structured template and conversion of structured data
into narrative form, is acceptable in many fields.
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For general descriptions in medical records, many types of
template have to be prepared. To bring this about, trial and
error is inevitable, even after active use in daily practice
[21]. Thus, it is necessary to have a system that enables
users to produce templates easily and revise them even
after releasing. Generally a template is made based on its
own database file [14,15], which must be set on each occa-
sion to produce a new template. If the template is revised,
the corresponding database file must also be revised.
Because this method disperses a patient data in many data-
base files, it is not suitable for EMR system, which must
enable users to refer quickly to any patient data.

In our method, the template content master that regulates
the content of a template and the patient’s data are simulta-
neously expressed in XML. Afier entering patient data by
the template, the XML data and the narrative form of
patient data are stored in the EMR database. Although this
schema is practical for EMR systems, data analysis is vir-
tualty impossible. Thus, we developed a parser system that
retrieves the data in XML from the EMR database and
extracts patient data from it. The parser system then stores
the patient data in the DWH database, in which one record
corresponds to one value. Because patient data is origi-
nally in tree structure, xPath code and name is used to
designate each property. This database schema is indepen-
dent from the template contents; therefore, the user can
produce and revise templates freely without thinking of the
database schema.

Using this DWH, data entered by the template can be used
for analysis. It is, however, difficult for users to find the
xPath code of the objective data, Furthermore, in this data-
base schema, it is difficult to execute combined search
conditions in one template. Accordingly, we developed a
search assisting system which assists in finding the xPath
code in the template, and thus enables the user to easily set
combinations of search conditions. Although this database
schema is not the best for data analysis, the user can search
the objective data from the database with the support of the
search assisting system,

By using this method, general descriptions in medical
records can be structured and analyzed. Although it has
been said that structured data entry is essential for
advanced functioning in EMR, there are a few reports that
it succeeded wheén limited to a few a fields [14,15,22] or a
few department [23,24). We achieved active use of the
structured data entry system in every department in many
hospitals. .
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