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Abstract

In order to obtain appropriate medical care, patients can be referred or transported from one hospital to another
based on the capacity, capability and quality of medical care provided by hospitals. Therefore, enabling patient care
records to be shared among hospitals is essential not only in delivering the quality of medical care services but also
in saving medical expenses. Currently, most patient care records are paper-based and not well organized. Hence, they
are usually incomplete and can hardly be accessed in time. The authors in this paper present methods to structure and
represent patient care records, design mechanisms for interpreting and integrating the XML-based patient care
records into the existing hospital information systems. More importantly, in our approach, each significant piece of
medical record is associated with a tag based on the syntax and semantics of the XML. The XML-based medical
records enable a computer to capture the meaning and structure of the document on the web. The authors have
developed a unified referral information system in which patient care records can be shared among hospitals over the
Internet. It can not only facilitate the referral process but also maintain the integrity of a patient’s medical record
from distributed hospitals. The workflow of the system basically follows the existing manual system and can easily be
adapted. The working group on integration of municipal hospital information systems, Department of Health, Taipei
City Government, has decided to adapt this system for referral practice among the municipal hospitals. © 2001
Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Hospitals (or healthcare providers) are
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hospitals can provide only minimum medical
services such as general outpatient services,
health consultation, preventive medicine and
so on. They usually do not provide emer-
gency care. The medical centers on the con-
trary, can provide full services not only for
outpatient but also for inpatient and emer-
gency care. They are ranked the highest and
can perform all kinds of medical services
depending on their facilities and the ability of
the medical professionals. The capacity and
capability of medical services provided by the
regional hospitals are in between the services
provided by district hospitals and the medical
centers.

In order to obtain appropriate medical
care, patients can be referred or transported
from one hospital to another among the dif-
ferent ranks. The referred or emergency
transported patients (or in general terms, re-
ferrals) are required to carry their referral
initiation forms (RIF) in which the chart
summary of the referrals’ medical records (or
patient care records) describing the patients’
symptoms and the medical services that have
been performed on that patients are included.
From a continual medical care point of view,
the chart summary is essential to the medical
professionals (or accepting physicians) who
accept the referrals. Upon reviewing a pa-
tient’s chart summary, the accepting physi-
cians can  quickly understand the
development of the patient’s syndrome, the
previous diagnosis and the performed medi-
cal services. Therefore, a complete referral’s
chart summary can help a physician make the
appropriate treatment plan, and avoid per-
forming redundant medical services.

In practice, the description of a chart sum-
mary in a referral initiation form is usually
incomplete and may not reflect the medical
care in the referring hospitals. There are three
main reasons. Firstly, there is little incentive
to encourage sharing patient care records

among hospitals under the current payment
policy established by the Bureau of National
Health Insurance (BNHI) [1]. Secondly, most
patient care records are paper-based and not
well organized. Hence, they are usually in-
complete and can hardly be accessed timely
[2-35]. Thirdly, there is a lack of legal support
to use electronic medical records, thus com-
plicating the process of sharing and exchang-
ing patient care records among hospitals.

However, there are drives to encourage
sharing patient care records. First of all, as
computer and communication technology ad-
vances [6—13], applications on the Internet
are booming and the population of the Word
Wide Web (or web, for short) is increasing
[10,14]. Most hospital users are familiar with
the operations of web browsers such as Inter-
net Explorer™ or Netscape Navigator™. A
computer becomes a required tool in our
daily life. It is time to make use of the
Internet for sharing or exchanging patient
care records among hospitals.

The other drive is that the BNHI may
introduce the concept of the global budget
system into the payment policy very soon
because of its unbalanced budget. Under the
global budget system, the payment may be
dependent on the served population of a hos-
pital and not completely dependent on the
amount of medical services. Thus, enabling a
chart summary (or patient care records) to be
shared among the hospitals is essential not
only for delivering the quality of medical care
but also for saving medical expenses.

2. Methods

In this paper, we investigated methods in
structuring documents, proposed a scheme
for representing the chart summary of patient
care records using the eXtended Markup
Language (XML) [15] and explored the web




technology to facilitate the exchanges of a
chart summmary over the Internet.

2.1 XML-based patient care records

The Slandard Generalized Markup Lan-
poape (SGML) has been the standard decu-
ment commeonly used by government and
military organizations since 1986. However, it
15 oo complex to be used for pencral pur-
poses. In order to establish a docuinent stan-
dard for web applications, the World Wide
Web Consortiom (W3C) proposed an eX-
tended Markup Language (XML}, which is a
subset of the SGML [18]. Similar 1o SGML,
XML provides tagging mechanisms lor con-
strucling struclures of documents. XML al-
lows tags to appear at significant places in a
document. Tagging is a powerful ool that
enables 1 computer to capture the meaning
and stmeture of the document and (aeilitate
the search on the web. Most web applicalions
can support XML documents.

An XML document can contain the Ffol-
lowing parts: the structural specification of a
document (i.e. document iype definition,
DTD), the instance of the document specificd
by a DTD and the presenlation specificalion
of lhe document {i.e. XML Siyle-sheet Lan-
guape, XSL).

2. 1.1, Document type definition (DTD)

A DTD is a sel of rules that describe
siructural components or clements. Each rule
specifies the name of an element type and the
valid subelements for that element. The name
of the element can be the markups (ot (ags)
in an XML-based document, The struciure
hierarchy of the document is created through
the use of markups that specify the beginning
and the ending of each clement, An element
may require attributes to annotate itself with
additional informalion. Atlributes can be
defined by using an ATTLIST declacation.

Let us use an example to illustrate the specili-
cation of 4 DTD.

Refer to Fig. 1, there is o chart summary
for an emergency transported patient. IT it
contains the patient’s hematology test, the
hematology test must have items Hb, Whe-de
and type. Aguin, the item Whe-de may fur-
ther be annotated by detailed ilems such as
band, baso, seg, monag, eas, and lymph, The
iype (blood) can only be one of the types A,
0, B, AB and RH. The default 15 lype ‘A’
The DT specification of the chart summary
is shown in Table 1.

As mdicated in Table 1, the statemenl in
the first line specifies that this s an XML
document with version 1.0 encoded by the
bigd Chinese charseter sel. The second line
and below describe the structure of elements
including the pame of each element and ifs
subelement.  ln  this example, WMedical
Records for Emergency use, EMR cun have
one or more thao ooe set of elements ‘Hema-
tology Test”. However, each Tematology
Test” musi contaio one and only one list of
items ‘IIb,Whe-de, Type’. The attribules of
item ‘whe-de’ can be declared using ‘AT-
TLIST’. Note that, since the lype ¢an only be -
one of the types A, O, B, AB and RH, a
vertical bar (1) is used in its declatation to
indicate this oplion. The default value can
also be declared in ATTLIST.

Through the DTD specificalion, an XML
document can be wvalidated. However, an
XML document may net contain a DT if it
is well formed. This is described in the ol-
lowing section.

Fig. 1, The prescntation of parl of e medical records.



Table 1
A DTD of a chart summary

<?xml version = ‘1.0’ encoding = ‘big5’? >
EMR (HematologyTest) 4 >

< !ELEMENT

HematologyTest

<\ELEMENT (Hb,Wbc-dc, Type) >

Hb (#PCDATA)>
<!ELEMENT

Wbe-de (EMPTY) >
<!ELEMENT

<!ATTLIST Whbc-dc band CDATA

# REQUIRED
baso CDATA # REQUIRED
seg CDATA # REQUIRED
mono CDATA # REQUIRED
eos CDATA # REQUIRED
lymph CDATA # REQUIRED >

Type (EMPTY) >

<!ELEMENT

<!IATTLIST  Type default (AJO[BJAB[RH) ‘A’ >

2.1.2. XML documents

An XML document consists of elements.
There is one and only one root element. Each
element must be labeled with a starting tag
(< tag name>) and an ending tag ( < /tag
name > ). Refer to the example illustrated in
Fig. 2. The starting tag of the chart summary
is specified as < EMR > and the ending tag
as < /EMR >. More importantly, in an
XML document, the starting tag and the end
tag of a subelement must appear in between
the starting tag and the ending tag of the
element that the subelement belongs. As the
example described in the previous section, an
instance of the XML-based chart summary
corresponding to the DTD can be encoded as
shown in Table 2.

The chart summary shown above is valid
because it includes its DTD, named wfex.dtd.
As mentioned, an XML document may not
include the DTD part. If it is the case, the
structures of elements in the document must
be nested. That is, the starting tag and the
end tag of a subelement must appear in be-
tween the starting tag and the ending tag of
the element that the subelement belongs. The
XML document that meets the above re-
quirement without a DTD is well formed. An
XML document must be either valid or well
formed.

2.1.3. XSL, the presentation of XML
documents

The second line in the XML-based chart
summary shown in Table 2 specifies the pre-
sentation style of the document. The presen-
tation of XML documents can be specified
using Style-sheet language (XSL). The XSL
enables users to define their own presentation
styles on their computer monitors. They can
program their presentation templates using
the XSL and then store them into different
files with the extension ‘xsl’. In their XML
documents, the corresponding xsl file must be
included.

Again, refer to the example in Table 2, if
the chart summary of the emergency trans-
ported referral must be presented as shown in
Fig. 1, the template can be programmed and
saved as a ‘wfexxsl.xsl’ file. Note that the
second line in the XML-based chart
summary,

< ?2xml-stylesheet type = ’text/xsl’ href

= "wfexxsl.xsl’? >

is used to include the xsl template file. The
detailed content of the file is omitted because
it is not our main focus here. Most commer-
cial web browsers can now interpret the XSL
specification. For example, Fig. 1 is the result



of the interpretation of the chart summary by
Internet Explore IES.0 from Microsoft.

2.2. The representation of a chart summary

A referral initiation form (RIF) is a com-
plete referral document shared between hos-
pitals. It includes the referral’s chart
summary, the reasons for referral, the infor-
mation related to the physician who accepts
the referral (accepting physician), the infor-
mation related to the physician who refers
the patient (referring physician), the treat-
ment plan and the outcome of the treatment
performed by the accepting physician. As
shown in Fig. 5, the information shown at

the RIF is quite structured except for the
chart summary.

The chart summary, abstracted from a set
of patient care records is in fact somewhat
arbitrary. It can be a full or minimum set of
the patient care records. However, it must
contain the essential information required for
continual medical care for the emergency
transported or referred patients. In our ap-
proach, the chart summary is a basic unit
that can be accessed or shared.

2.2.1. The structure of a chart summary

The chart summary usually includes the
information of the referral’s chief complaints,
allergy, diagnosis, a care plan, the Glasgow

Chart summary
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Fig. 2. The hierarchy of a chart summary.



Table 2
An XML-based chart summary

<7xml version = ‘1.0° encoding = ‘big5’?>

< ?xml-stylesheet type = ‘text/xsl’
href = ‘wfexxsl.xsl’? >

<!DOCTYPE EMR SYSTEM ‘wfex.dtd’ >

<EMR >

< HematologyTest >

<Hb>15.6</Hb> <Hect>42</Hct>
<Wbe-dc> <band>1</band >
<baso>1</baso> <seg>65</seg>

<mono >4 < /mono >

<eos>2</eos> <lymph>35</lympho>
< /Whbe-de >

<Type>0O < /Type>

< /HematologyTest >

</EMR >

Coma Scale (GCS) and the recommendations
for accepting physicians. The chief complaint
represents how a patient describes his/her
symptoms. The care plan describes what will
be performed or what has been performed
during the care of a patient and usually
includes his/her laboratory tests, radiology
(X-ray, endoscopy, sonograph, etc.) examina-
tions and the treatment. The Glasgow Coma
Scale (GCS) is used for evaluating the trauma
of a patient’s nervous system. It is extremely
important in dealing with emergency trans-
ported patients.

A chart summary can be represented by a
hierarchical tree in which each information
element is represented by a node and the
part-of relationship between nodes can be
represented by a link. There are three kinds
of nodes in the hierarchy. A root node has no
parent node. It represents the starting entry
point of the chart summary. There is one and
only one root node in a hierarchy. A branch
node must have children nodes that can be
leaf nodes or branch nodes. A leaf node has
no children. It is usually associated with a
value or the raw data (such as strings, num-
bers, etc.).

In the hierarchical tree, the chief com-
plaints, allergy, diagnosis and the recommen-
dations to accepting physicians are
represented as leaf nodes. However, the GCS
and the care plan are represented as branch
nodes. This is because they contain structural
elements. The GCS consists of the scale of
eye-movement (E), the clearance of voice (V)
and the response of motor mechanism (M).
The care plan can usually be divided into
laboratory test, radiology examination and
treatment. Each part may contain several
items. The hierarchical tree representing a
chart summary is shown in Fig. 2. The tree is
a graphical representation of a chart sum-
mary and can easily be understood. It is a
basic unit for sharing or exchanging patient
care records among the hospitals in this pro-
posed approach. ’

2.2.2. Representing a chart summary using

XML

A hierarchical tree of a chart summary can
be transformed into an XML-based docu-
ment corresponding to the tree. The transfor-
mation can be performed by walking the tree
in a depth-first order described below. Firstly,
we can create an empty list, then, start walk-
ing the tree from the root and add the root to
an empty list. Then, we can proceed by the
following steps:

1. remove the first node from the list, then
adding all its children nodes to the end of
the list if it has one or more.

2. Repeat step (1) until there is no more
nodes in the list.

For each node, there is one and only one
entry point and leaving point when walking
the tree. The entry point corresponds to a
starting tag and the leaving point corre-
sponds to an ending tag. The transformation
rules are described below.

1. The root is transformed to a starting tag
corresponding to the entry of the
document.
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2. Create a starting tag for an element corre-
sponding to a node to be removed from
the list.

3. If the node is a leaf,

we include the value or raw data associ-
ated with the node into the content of
the element and create an ending tag
for that element.

Otherwise (a branch node), if all its
children nodes are removed from the
list,

we create an ending tag for the element.

4. Repeat steps (2) and (3) until there are no
more nodes in the list.

The tree structure of a chart summary can
directly be acquired when a user compiles the
chart summary with the help of specially
designed user interfaces. The tree representa-
tion can then be transformed into the corre-
sponding XML-based one using the
transformation rules shown above.

2.2.3. Integrating XML-based chart
summaries into a database

The XML-based chart summary is a media
broadcasting on the Internet. When the me-
dia is sent to a target hospital, it can be
converted into the corresponding tree repre-
sentation of the chart summary. The tree can
be used to present the chart summary to
physicians by a form-based user interface
shown in Fig. 6 or if necessary, it can also be
used to extract data items (elements or
subelements) from the chart summary and
save them into the database of the hospital
information system.

The data items of an XML-based chart
summary are defined by its associated DTD.
Similarly, the data items of a database are
defined by the database schema. The relation-
ships between the data items in the XML-
based chart summary and those in the
database can be analyzed. We can classify the
relationships into three groups based on the
definitions of the data items.

e Common relationships: two data items are
common if the data item defined in a
database is identical (in terms of their
semantics) to that defined in the corre-
sponding XML-based one.

® Derived relationships: if the value of the
data item defined in a database can be
derived from the one or more data items
defined in the corresponding XML-based
chart summary, the former can be derived
from the latter by using a function.

e Independent relationships: if the data item
defined in the XML-based chart summary
is independent from any one of data
items defined in the corresponding data-
base.

The integration of an XML-based chart
summary into a corresponding database in a
hospital information system can be done by
firstly identifying their relationships of data
items. If they are common, the data item in
the XML-based chart summary can be di-
rectly inserted into the corresponding data-
base. If they are derived, the function must
be specified for deriving the data item in the
database in terms of the data item(s) in the
corresponding XML-based chart summary.
If they are independent, a new database can
be created to accommodate the data items
of the XML-based chart summary.

Let us illustrate the integration scheme by
using the example shown in Table 2. In this
example, suppose that the value of Hb is
defined as string type in element Hematolo-
gyTest in the DTD of the XML-based chart
summary. However, it is defined as float
type of attribute Hb in our database table.
Therefore, their relationship is derived and a
derived function Sting to Float, that con-
verts a string to a float should be specified.
The details of the operations for integration
will be presented in Section 3.3.



3. Result

By using hierarchical trees to represent
chart summaries and by using XML to con-
vey the meaningful structures of chart sum-
maries over the Internet, we developed a
unified referral information system in which a
referral’s chart summary or his/her RIF can
be shared or exchanged over the Internet
among hospitals. The details of the system
are described in the following sections.

3.1. System description

In the system, each hospital must have a
web server and a gateway server as shown in
Fig. 3. The server is used to provide inter-
faces for manipulating the referral’s chart
summary and to communicate with both the
computer systems in the hospital and those
outside the hospital. The gateway server is
used to transform the requests or data from
(to) the web server to (from) the clinical or
administration information systems inside the
hospital and to block unauthorized clients
from accessing information stored in the
hospital.

Referring Hospital

Web-Server,
[Email server,
Data Gateway

|Acquisition
integrator

mechanism |

HIS

databases database

Internet

The major components of the referral in-
formation system are shown in Fig. 4. The
acquisition integrator helps a physician to
collect the information required by a refer-
ral’s RIF either from the existing hospital
information systems or through manual in-
put. It provides a form-based user interface
as shown in Fig. 6. The form contains the
information of a RIF. The physician can use
the interface to compile the referral’s chart
summary. In fact, the physician just needs to
enter the referral’s unique identification to
request the patient’s clinical information. The
acquisition integrator sends the request to the
gateway server. The gateway server dis-
tributes the request and initiates the retrieval
of the information from the corresponding
hospital information systems. However, for
information that isn’t stored in the hospital
information systems, the interface also pro-
vides authoring tools to assist the physician
to manually input the information such as
GCS, the outcome, etc. By means of the
acquisition integrator, the acquired informa-
tion of a RIF can be integrated and presented
to users as forms. The users can then filter
the information and compile the appropriate

Browser
Accepting
Hospital

Browser
Accepting
Hospital

Fig. 3. The architecture of the web-based referral information system.
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Fig. 4. The major components of the web-based referral information system.

RIF which is sent to the RIF/XML trans-
former for generation of an XML-based RIF.

The RIF/XML transformer accepts a
form-based RIF and then converts it into the
corresponding hierarchical tree. A user can
initiate the XML/RIF transformer by click-
ing the XML button in Fig. 6. Based on the
transformation rules described in the previ-
ous section, the tree can be translated into
the XML-based RIF as shown in Fig. 9. The
XML-based RIF is the media for sharing and
exchanging information between referring
and accepting hospitals.

The e-mail server packs an XML-based
RIF with a user account, the password asso-
ciated with the account and the URL of the
web server into an e-mail which is then sent
to the accepting hospital over the Internet.
Therefore, an authorized person of the ac-
cepting hospital can log in to the web server
with the URL, the user account and the
password for reporting the referral’s medical

records back to the referring hospital. The
user account and the password are assigned
dynamically when the e-mail is generated to
protect the patients’ care records from unau-
thorized accesses.

The authorized user of the accepting hospi-
tal can report back to the referring hospital
the referral’s chart summary including his/her
care plan, progress and the details of his/her
treatment by directly filling forms as shown
in Fig. 7 and Fig. 8 when logging in to the
web server using the user account and pass-
word. In contrast to the referring process, the
acquisition integrator analyzes the items of
the form-based RIF replied back from the
accepting hospital and initiates requests to
the gateway server for restoring the data
items back to the hospital information sys-
tems. Thus, the referring physician can re-
view the referral’s RIF replied back from the
accepting hospital at his/her computer for
follow-up or other purposes.



3.2. The workflow of the referral information 3. After the physician has completed the

system chart summary, it is automatically sent
to the referral service center.
The proposed system can easily be adapted 4. When the patient comes to the desk of

the referral service center, the center can
access the patient’s chart summary and

into the existing system. It works as follows:
1. A physician prepares a patient’s chart

summary using the form-based interface
as shown in Fig. 6 when he/she decides
to refer (or emergency transport) the pa-
tient to the accepting hospital.

. The summary of the patient’s medical
care information can be collected auto-
matically if the information is already
stored in the hospital information sys-
tems. The form-based interface also as-
sists users to manually input the required
information for compiling the chart
summary.
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fill in the accepting hospital and other
information that is required for referral
management. The chart summary and
other information are packed into the
patient’s RIF. The RIF can be trans-
formed into the corresponding hierarchi-
cal tree (shown as Fig. 9) and the XML
document, XRIF.

. The RIF can be printed out and handed

in to the patient. The patient’s XRIF
plus the URL, user account and pass-
word are also directly sent to the referral
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Fig. 6. The form-based interface of acquisition integrator.

service center of the accepting hospital by
e-mail over the Internet.

The patient must complete his registration
at the desk of the referral service center of
the accepting hospital. For operating con-
venience, he/she can hand in his/her RIF
to the coordinator of the center for regis-
tration.

The coordinator confirms the patient by
logging into his/her computer to check
e-mails and saves the chart summary and
the required information into the data-
base corresponding to the hospital infor-
mation system. He/she can also remote
login to the web server of the referring
hospital with the user account and pass-
word. The coordinator can then help the
patient to arrange a physician, and for-

ward the patient’s chart summary to the
physician’s workstation.

The physician can review the patient’s
chart summary which has been sent from
the referring hospital at his/her worksta-
tion. He/she can then perform diagnosis
and make an appropriate care plan for
further treatment.

. When the patient has been discharged

from the accepting hospital, the physician
must prepare the chart summary plus the
outcome of the treatment in reply to the
referring hospital for that patient. The
chart summary is sent to the referral
service center. The coordinator of the
center can upload the chart summary to
the web server of the referring hospital
using the provided function as shown in
Fig. 8.



10. The chart summary replied from the ac-
cepting hospital is tentatively stored in
the web scrver ol the relerring hospital.
After confirmation by the coordinator,
the charl summary and RIF can be di-
recled to the physician of the referring
hospital For follow-up or other purposes.

3.3, The integraied referval information
S1Sten

The integration of an XML-based chart
summary into a corrssponding database in a
hospital information system (HIS) can vary
from one hospital Lo the other. Each hospital
mauy have dilferent platforms and vendors of
database management systems. Also, the def-

nition ol an clement in the XML-based charl
summaly may correspond o different data-
base schemas of different TTISs,

We designed @ woificd menu-based user
interface to help wsers specify their data
madel and the relationships hetween the data
ilgms in the XML-based chart summary and
those in their daiabase. With reference to
Fig. 10, the sclup meon allows users Lo
specify the database source patient personal
data as the storage for the data items in the
corresponding XML-based chart summary
because the access mode is Write in.

Once the destination database source and
the access mode have been sctup, we can
establish the conmeciion 1o the database, 1a-
bles and attubutes {or felds of the table) in

Fig. 7. A form-based interfaca fov reply of refoeral iformation (13,

‘l“
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Fie. 8. A [orm-based interface for ceply of cefereal information {113,

the HIS for saving the daly iems i the
corresponding XML-based chart summary.
Since the relationships of data items have
been identified, if they are common, we sim-
ply click on the data item and corresponding
table and its fledld names. The selected items
are shown on the window completed relation
as shown in Fig. 11. However, il they are
demived, the name of the function for deriving
the data item in the databass in terms of the
data ilemfs} in the corresponding XML-
based chart summary must be specificd in the
box selected function name as shown in Fig
12.

By using the mechanisms shown above, we
can integrate the XML-based chart sum-
maries into the corresponding database in the
existing hospilal information systems.

. Discussion and eonclusion

The authors of this paper have developed a
nnified referral information system in which
paticnt care records can be shared and inte-
grated among hospitals over the Inlernet, It
can not only facililates the referral process
but also maimlaing the integrity of a palient’s
medical records from distributed hospitals.
More impertantly, in cur approach, cach sig-
nificant piece of medical record is associated
wilh a tag based on the syntax and semantics
ol the XML. The XML-based medical
records enable a compuler to capture the
meanitg and stroctuwve ol the document on
the web.

Currently the chart summary is paper-
based and hence, i is lime consuming amd



incomplete [3—5], However, as computer and
communication  technelogy advances and
with applications on the Internel booming,
the population of the Word Wide Web (or
weh, for short) is increasing [10.14]. Most
hospital users are familiar with the opera-
tions of web browsers such as loternet Ex-
plorer or Navigator. It s tme to implement a
system i1 which patient care records can be
shuared among hospitals over the Internet.
The Taipel City Government established a
computer-based emergency medical network
syslern in 1998 [17.18]. The swslem can
provide on-line queries (o a numbear of avail-
able intensive care wnit {ICU) beds in the city
hespitals, As the transportad patients’ medi-

cal records are usually acquired by telephone,
refarrals’ medical records cannot be (rans-
ported in time and are likely te be ncom-
plete. Our developed system compensates for
this weakness. 1t supports exchange of medi-
cal records among healtheare providers,
Sitting et al. developed a1 compuler-hased
cutpatienl clinical referral system for the
Brizham and Women's Physician Hospital
Orgunization (BWPHO) in Boston, UUSA.
Based on their cvalvation [19,20], the mean
time required Lo complete a referral iniiwtion
foom in the paper-based system and com-
puler-based system are [23 5 and 75 s, respec-
tively. The mean number of items enlered on
the paper referral was 12.5 while the com-
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Fig. b Representing a referral initiation form using a hierarchical iree,



Fig. 1. A sel-up menu for database inwgrafon (1),

puter system was 31, Although their system
can speed up the referral process, the users
tend 1o perform more entries. In our system
we can reduce the number of manual inputs
by automatically collecting the information
that is already available m the hospital sys-
tems al the time the physicians compile the
referrals’ RIF.

Meore importantly, in our approach, each
significant piece of medical record is associ-
ated wilh a tag and is represented based on
the syntax and semantics of the XML, Tag-
ging is a powerful taol that enables a com-

tdecidd Depatesnn)
SR AT hiaf Complar]
{EDR wass coch

Fig. Il. A set-up menu for dulubase integealion (TIy:
table and fields s=lection,

WL 5 Chock'Glead d'a:Lk.l"-'.-'BI:
Fand -+ Chaciu'llacd cleckiBand

Fig, 12, & set-np meny for d"uah.mc inteeration {10): for
dertved relationships.

puler to caplure the meaning and structure of
the document, XML-based medical records
can pinpoint specific elements and filler the
docwments with particular characterislic ele-
ments. Therefore, the NML-based medical
records can be easily identified, verified and
transformed [Tom one system into the other
in searches on the world wide web,

In addition o the description of patient
care records, the standards for sharng and
exchanging patient care records are also im-
parlant 2122823 24], The Health Level
Seven (HL7) 18 known for slandards in ex-
change of cleclronic medical care information
in healthcare environments [2], The HL7 is
designed to standardize the [omat and pro-
tocel for the exchange of certain key sets of
data especially in financial information, diag-
nosis and patienl care flow among heallhcare
computer application syslems, However, few
haspilal information systems in Taiwan were
developed {o conform to the standard and
consequently, its implementation o exchange
information is expuansive.

Currently, most medical records are not
explicitly sepmented inte meaning[ul pieces
using the tagging markup techniques (e.g.
=T =CT report = /CT = ). The MEDLEE



system developed by the University of Co-
lumbia [25-28] can extract the structures
such as problem, body location, degree and
some other item from chest radiology reports,
mammography reports and some other medi-
cal reports. The Unified Medical Language
System (UMLS) supported by the National
Library of Medicine (NLM) contains a huge
set of medical terms (Lexicons) and concepts
(Meta-thesaurus) [29-33]. For future work,
we will investigate the feasibility of making
use of the MEDLEE and the UMLS as a
standardized framework for restructuring pa-
tient care records.
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