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ABSTRACT

Clinical care genemtes an immense amount of patient
abta that has been archived and manipulated by computer-
based information systems. Such computer-based medical
record systems improved the accessibi@ of clinical
information and made several studies of such information
possible. Unfortunately, the care provider’s task of
retrieving, integmting, and interpreting only those
portions of the patient’s reconi that are relevant to a
specific clinictdproblem is actually becoming increasingly
d~~cult. This d~ficu~ can be attributedprimarily to the
large variety of minimum alzta sets, the heterogeneous
formats used to store the ohta, the heterogeneous aiata
access methods andprocedures, the varying gmnuhzrity of
access to data, the different rigid views of the &ta, and
the lack of inter-operability among the information
repositories of such data sets. Recognizing the
aforementioned issues, we are engaged in a project to
buihl a multi-a%ztabaseenvironment tailored for the inter-
opembility of medical information systems. The main
building blocks of such a system area multidisciplinary
minimum data set and a catalogue for the suppoti of
interopembili~ and customization functions. In this
paper, we report on the design approach used and
describe the general architecture of the system.

I. INTRODUCTION

Currently, there are thousands of medical databases and

medical data repositories. Such databases hold information
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considered valuable to clinicians, researchers, and

administrators. Researchers need the data to support and

validate research, healthcare providers need the data to

support and enhance the quality of their services, regulators

need such &ta and its associated statistics for decision

support, and administrators need the &ta for financial and

management matters. Even though such data has been

collected, and automated procedures for data manipulation

have been provided, accessibility to such systems is very

often still inadequate. This inadequacy is due to the lack of

flexible user interfaces to such systems, lack of a common

ground for data exchange among the systems, and lack of

software tools that assist &ta users to integrate the

information repositories.

Given that data is a very valuable, hard to produce, and in

some cases irreproducible resource, it is highly desirable to

share it among the members of the medical community and

to facilitate the way it can be accessed, retrieved, analyzed,

and combined with other data. To accomplish this goal, we

are establishing a multidisciplinary minimum data set that

serves as the common platform for data exchange among

the various medical databases, and then we use it as the

basis for providing inter-operability among the various

medical &tabases. We also provide a user-friendly, user-

customi~ble interface to the resulting system. ‘l%e

soflware system design is based on Open Systems and

Inter-Operability approaches to provide efficient and,

equally important, flexible access to information. By

defining and promoting a multi-disciplinary minimum data

set, interoperability, open systems interconnections, and the

integration of various information sources will not only be

possible, but will also lay the ground for future systems

with high degrees of dynamic data interchange and

interconnectivity (as opposed to simple static integration).

Several significant advances made in red-time,

heterogeneous, multidatabase management technology will

then be readily adapted to medical information systems



once medical data formats and access methods have been

brought closer to a common standard.

The approach used in this work is focused on the

establishment of the multidisciplinary minimum data set

and on its use in providing inter-operability. There are

already several efforts in the medical communities of North

America, Europe, and the Far East aimed at establishing a

standard for such a data set.

II. ISSUES IN MEDICAL INFORMATION SYSTEMS

The issue of computer-based patient record formats is

especially important for our work since it represents the

basis for all medical information systems. Recently, the

Institute of Medicine commissioned a committee to study

ways to improve the Computer-based Record [3]. The

committee’s study lead to the establishment of the

computer-based Patient Record Institute (CPRI). One of

the main functions of CPRI is to reexamine the Patient

Record from all perspectives (e.g. definition, role, etc.) in

light of the outstanding advances in computer technology

and make recommen&tions for future formats of patient

records. In an earlier but related activity, the American

Society for Testing and Material (ASTM) proposed an

extensive data model as the fundamental content of the

Computer-based Patient Record independent of any clinical

settings. The basic content includes inpatient/outpatient

care information, long term care, trauma care, among

others [2]. The proposed guide is known as Standard

E1384 and is being adopted by the American Health and

Information Management Association (AHIMA). At this

time, AHIMA is sponsoring a field study for feedback on

the proposed standard. The E1384 Standard basic data set

is intended as a pool from which health care providers and

researchers can draw longitudinal (summary) data views.

A clinical research database that incorporates the E-1384

Standard data set is being developed at the University of

Washington [5]; the database also supports the Uniform

Hospital Discharge Data Set (UHDDS).

An emerging draft standard as a supplemental effort of the

ASTM Computer-based Patient Record Project, is currently

being developed to provide a uniform and clinically-sound

longitudinal view of data [6]. Frisse [7] gives an
assessment of the health of the Computer-based Patient

Record research. In [4], Bradbury argues for the need of

Computer-based Patient Record that is uniform, complete,

flexible, expansible, and most importantly independent of

any computer system constraints. He calls for the use of

specialized natural language lexicons, and proposes a

clinically oriented structure of the Computer-based Record.

Another important aspect of medical information systems

that contributes directly to the degree of inter-operability

among databases is the ‘minimum data set’. The

terminology ‘uniform data sets’ and ‘basic data sets’ first

came to usage when the issues of health care were

addressed in [8]. In clinical sites, the concept of a

minimum data set is used to describe a relatively small

number of data elements which each healthcare institution

would collect. The goal is to provide the foundation for

common and thus inter-operable medical information

systems. There are numerous research publications that

discuss issues relating to minimum data sets. Hutchinson

[1] discusses the problems of deciding on a single minimum

data set in Ambulatory Care. The Uniform Clinical Data

Set System, which is sponsored by the Health Care

Financing administration, uses a similar concept to study

the quality of care in a uniform way throughout the US [9].

These data items, which include mortality, morbidity,

readmission, and physician orders, are used to examine the

quality of care provided.

Choudhury and Shah [10] describe a research oriented

clinical information system in a tertiary care facility. The

system is used to store basic data elements ordy (@nsrily

due to constraints on disk space in the system.) The

systems main function is to collect and use clinical data for

prospective applications in clinical trails and individual

therapy. In [11], Zwetsloo describes a four-step procedure

on using hospital information systems for clinical research.

This paper gives a good account of the information

systems requirements in support of the clinical research.

The study is especially interesting to us since its was

carried out and documented by both clinical researchers and

computer wience professionals.

III. SYSTEM OVERVIEW

Today’s medical computing environments consist of

distributed, heterogeneous, and autonomous hardware and

software systems. The distribution of these systems reflects

the diverse nature of modem medical computing, while

heterogeneity and autonomy arise in the process of fulfilling

diverse information processing requirements. Originally,

these systems ran in isolation to support their individual

applications. Recently, it became evident that more

complex applications involving multiple systems could be

supported ordy if the systems could cooperate with each

other to perform a multi-system task. Unfortunately, the

potential for cooperative interaction was not considered in

their original design and there is as yet no general model

supporting inter-operability among these isolated systems.

As a result, the processing of global applications (such as

studying disease trends in the community) that involve

multiple systems becomes a formidable task and remains

largely manual.

Multidatabase applications require services from multiple
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systems. To support such multi-database applications, our

software system provides the following capabilities:

(1)

(2)

(3)

(4)

Access to multiple heterogeneous databases through a

unified interface. This capability will free users from

involvement with system-specific details.

Ability to apeci~ multi-database applications and the

flow of their execution. Through the multi-database

software system, users will be able to specify both data

and control flow among the different systems accessed

for the purposes of executing the application.

Ability to ‘inquire’ about the structures of participating

&tabasea, their data contents, and the quality of their

data. To support this capability, a catalogue of

databases is needed.

Freedom of association and controlled access.

Participating organizations shall be able to join the

multi-database federation (by putting their database on-

line for access) and leave it as they see fit and at any

time. Furthermore, they must be able to control access

to their information.

The Multi-Database System: The system being developed

conaista of a collection of databases accessible through a

common graphical user interface. Various users see

different views (external schema) of the stored data, and

have different customized interfaces to the system. The

system provides the mechanisms necessary to access

information remotely, extract information from different

databases, and support multi-database applications in

accordance with the objectives outlined above. In addition,

we provide a user-friendly, user-customizable, graphical

user interface through which the user interacts with the

multiple databases. The overall architecture of the system

is depicted in Figure 1,

The center piece of the system is the graphical user

interface that hosts the data import tools, the multi-database

applications generator, statistical packages’ interfaces, and

the execution controller of multi-database application

programs. Through the user interface, users can browse

through descriptions of component databases and their data

attributes, generate application programs for multi-database

access, and invoke statistical operations on retrieved &ta.

The Multi-database Access Program Generator (MAPG) is

an interactive tool that assista users in writing programs that

access multiple heterogeneous &tabases. Users can simply
indicate their informational needs and the databases to be

accessed with no concern for the actual access methods.

Access methods and location transparency capabilities are

automatically resolved by the software system. Application

D-COmmO*
format

“canenicel’
database

Graphlml User Interface

Satistiu & Date ArIel@ +3Catalogue

Network/Remote Acceta Facility

DBS
database

----.............. . .J .. .......... ..-... —..”....-.J !,.....-”.........-.-!

Databuq lufmmatioe Repository, etc.

FIGURE 1 GENERAL SYSTEM OVERVIEW

programs generated using the MAPG can then be submitted

to the Multi-database Program Execution Unit (MPEU) for

processing. The MPEU coordinates the tasks needed to

execute the application and present its outcome to the user.

Implementation details of the component databases, their

location information, and their structures are stored in a

catalogue. The multi-database software system relies on

the catalogue to provide users with a unified interface.

Computer Catalog of Medical Data Repoaitoriea: There

are currently hundreds of databases that contain medical

information. Such databases are geographically disperse,

controlled by different organizations, hosted on

heterogeneous systems, managed by different software

systems, and reside on different media. Furthermore, such

databases may support different data sets, common data sets

with different formats, common information with varying

degrees of data accuracy, data reliability, and ~ti
completeness, etc. Software tools that access such systems

and extract information from them need to know a number

of parameters about them. In order to provide an

automated systematic approach to obtain the information
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about such databases and their characteristics, a ‘database

of databases’ is needed. We call such a database the

Computer Catalog of Medical Data Repositories. As part

of this project, we are building such a catalogue of

&tabases. For each data repository, the Catalog contains

descriptions of the participating databases in terms of their

contents, the quality of their contents, and the accessibility

to the data. The database attributes maintained by the

Catalog include name of the database, agency in charge of

its administration, location (intemet address) of the

database, the information it contains, and ways to access it.

For each data collected in that database, the Catalog

contains indications as to its reliability, accuracy,

completenew, and any other quality measure used by the

medical community. In addition, it includes administrative

attributes such as the cost of obtaining the information,

authorizations and security clearanctx needed, and possibly

some assessment of the overall state of the database. One

of the main objectives of the catalogue is to automate the

data import functions and to assist in the formulation and

processing of multidatabase application programs. The

catalogue includes mappings of the attributes of the

patiicipating databases to userdefined functional data sets.

This mapping may be stored either m the catalogue or in

the user’s profile description.

Multi-Database Query Processing: A multidatabase

query is, in fact, an application program that requires

access to multiple databases as part of its execution. Our

system offers the capability to write application programs

that span multiple databases potentially residing at multiple

sites. The user need not be concerned with the location of

databases and the ways to access them. Once an
application program is generated (using the Multidatabase

Access Program Generator), it is submitted to the Multi-

databaae Program Execution Unit (MPEU) to coordinate its

execution. The MPEU consults the Catalogue for location

information and access methods and then decomposes the

application program into units. Each unit will be destined

to one participating site. At the participating sites, there

will be Remote System Interface modules (daemons) ready

to process the incoming program units. Upon execution of

the various units, the RSI modules will transmit their
results to the MPEU at the user’s site. The RSI modules

are now being phased out in favor of providing simple

terminal comection sessions to participating databases.

IV. CONCLUSION

The most difficult problem in this project is expected to be

the lack of consensus on what a medical minimum data set

is. However, whatever the outcome, there will be a great

deal of common-platform agreement among the various

members of the health profession that enables us to provide

significant interoperability. Although this work is limited

to clinical databases, the techniques should, in principal,

generalize to other branches of medical computing in

particular, and to the physical sciences in general.
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