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Introduction 

The introduction of the computer 
into the hospital setting to assist in the 
handling of the vast volumes of data 
seems natural enough and, in fact, 
computers were introduced into this 
environment in the 1950s. Progress 
was slow and hindered with some 
rather spectacular failures. Even to­
day, the expectations and, in fact, all of 
the necessary functionality still does 
not exist for hospital information sys­
tems. During this same period we have 
seen exponential increases in comput­
'ingpower and in communications tech­
nology; healthcare applications have 
failedtokeeppace. Why? Perhaps two 
reasons explain this failure: (1) the 
health care delivery system is one of 
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the most complex and pervasive sys­
tems in industry; and (2) the vast vari­
ety and professional credentials of in­
dividuals who must understand and 
use the system to make it work. 

At an International Medical 
Informatics Association (IMIA) Work­
ing Group 10 workshop on Hospital 
Information Systems in 1988, Dr. 
Morris Collen stated that the goal of a 
hospital information system should be 
to "use computers and communica-

. tions equipment to collect, store, pro­
cess, retrieve, and communicate rela­
tive patient care and administrative 
information for all activities and func­
tions within the hospital, its outpatient 
medical offices, its clinical support 
services (clinical laboratories, radiol­
ogy, pharmacy, intensive care unit, 

etc.), and with its affiliated medical 
facilities, Such an integrated, multi­
facility, medical information system 
should have the capability for commu­
nication and integration of all patient 
data during the patient's service life 
time, from all of the information sub­
systems and all facilities in the medi­
cal system complex; and to provide 
administrative and clinical decision 
support" [l].This statement is impor­
tant because it recognizes that clinical 
information is not the property of a 
single facility but rather is part of a 
global resource which focuses on the 
patient-centered record. 

Computer applications in the hospi­
tal setting have developed along func­
tional lines: billing, admission/dis­
charge/transfer (ADT), order entry, 
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result reporting, laboratory, pharmacy, 
and radiology. The exchange of data 
among functions was mainly a manual 
process, if it were done at all. Most 
applications were developed on dedi­
cated computers, most processes were 
batch-oriented, and most users were 
neither the creators nor users of data. 

Over the years, the names applied to 
these application systems have varied 
and include Hospital Information Sys­
tems, Clinical Information Systems, 
Medical Information Systems, Man­
agement Information Systems as well 
as application-specific systems: Labo­
ratory Information Systems, Pharmacy 
Information Systems, Radiology In­
formation Systems, etc. Even now, as 
we try to shift the focus from an event­
driven HIS to a patient-centered elec­
tronic health record system, the words 
we use to name the new concept are 
confused: computer-based patient 
record, electronic health record, com­
puterized medical record. Those terms 
mean everything from a billing docu­
mentto a fully functional system which 
includes all data created about a pa­
tient anywhere by anyone along with 
the full functionality to support the 
optimal use of the data for patient care. 
In my opinion, the term Hospital In­
formation System is now outdated. Its 
replacement name, perhaps a health 
care information system, must em­
brace the concepts defined by Dr. 
Collen. 

This paper discusses the early years 
of HIS development and traces that 
development to today's commercial 
systems. The paper then shifts direc­
tion to describe the functional and data 
requirements of a hospital information 
system. The paper then extends these 
requirements to deal with the needs of 
today and the next generation 
healthcare informatioQ infrastructure. 

The Early Years 

In 1958, the American Hospital 
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Association (AHA) conducted a feasi­
bility study for the use of computers in 
the hospital. This study produced three 
general findings which influenced the 
evolution ofHospital Information Sys­
tems over the next decade. These find­
ings stated: 
1. Hospital business office functions 

should be the principal focus of any 
computerization. 

2. A large, general purpose computer 
should be used rather than smaller, 
special-purpose computers. 

3. The use of remote terminals for the 
input of data was not only economi­
cally infeasible but undesirable be­
cause they would complicate the 
ordering of services and supplies. 
In 1962, an AHA-survey found that 

39 hospitals were using computers [2]. 
The study was repeated in 1972 and 
found that this number had increased 
to 2,887 hospitals using computers in 
some manner. In 1976, another AHA 
survey found that the number ofhospi­
tals using computers had increased to 
5,734 with 3,983 hospitals having in­
house computers which were rented, 
leased or owned. In 1983, approxi­
mately 90% of the hospitals were us­
ing computers, and in 1994 virtually 
all hospitals have at least some type of 
computing. 

The use of the computer in the busi­
ness office represented tasks that were 
easily computerized and costs could 
be most readily justified. The use of 
the computer, particularly in batch­
mode operation, was non-threatening 
- at least to healthcare professionals -
since it was viewed and used as a · 
super-sophisticated adding machine. 
Tasks computerized included inpatient 
billing, accounts receivable, accounts 
payable, general ledger, payroll, in­
ventory, and various canned manage­
ment and fmancial reports. Most hos­
pitals today still support these activi­
ties on a large mainframe computer as 
a separate activity from other com­
puter applications. In many cases, ad­
ministrative computing is managed 

separately from clinical computing, 
Data entry, in far too many cases, is 
manual in spite of the fact that the 
same data may exist electronically in 
other systems. The green-eye shade 
mentality of the pre-1950s is carried 
into the 1990s. · 

In the early 1960s, several groups­
some commercial organizations work" 
ing with hospitals and others academic 
- undertook the development of com­
puterized systems for the handling of 
patient information. These early sys­
tems were classified into two catego­
ries. Level I systems provide for data 
collection and message switching ca­
pability. These systems transmit or­
ders, capture charges, and report re­
sults. Functions were grouped into data 
collection, data communication, and 
data storage. Level II systems were 
designed to handle clinical informa­
tion as well as requisitions. 

Most major computer companies1 
such as IBM, Burroughs, Honeywel~ 
General Electric, Control Data, and 
NCR, seeing the potential of signifi~ 
cant sales in this market, were active in 
support of HIS development. Indus­
tries with experience in using comput· 
ers in complex applications joined in. 
Companies include Lockhee~ 
(Technicon), Burroughs (Medidata~ 
McDonnell Douglas (McAuto), Na­
tional Data Communicatio~ 

(REACH), and Martin-Marietta [3-5]. 
Most of these early systems were 

resounding failures. Of the above sys­
tems, only Technicon exists today. In 
addition to underestimating the com­
plexity of the information require­
ments, users were not involved at an 
adequate level in the design and, in 
fact, were not prepared to use comput1 
ers. Hardware and software tools were 
also inadequate, and some vendo~ 
altered operating systems and wrote 
their own programming languages in 
an effort to circumvent these limita· 
tions. 

In 1969 Feinstein [2] noted that 
while computers had been applied ef· 
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tectively in situations where a stan­
dard mechanism already existed for 
dealing with the data, computers had 
not yet had an important impact on the 
more inherently clinical features of 
medical strategy and tactics - a state­
ment that can be made of many com­
puter applications today. Development 
of HISs was a factor of technology: 
hardware and software; people: devel­
oper and user; and economics. Esti­
mates on the costs of information han­
dling vary between 25% and 39% of 
the total cost of health care [ 6]. Most 
medical informatics professionals 
agree that a reasonable cost for the 
electronic information handling is at 
least 2-3% of the operational budget 
for an institution. 

As technology advanced, develop­
ers learned to appreciate the complex­
ity of the problem and began to ad­
dress smaller, well-defined compo­
nents of the overall system. By early 
1970, some of the early developmen­
tal efforts became commercially avail­
able. The Technicon system, begun by 
Lockheed in 1964 became the most 
successful application.· Development 
of this system required over 10 years 
and cost approximately 25 million 
dollars. During its first year of opera­
tion, more than 2000 changes were 
made to the system. Many of these 
changes affected the appearance of 
things such as reports. 

As previously noted, the early sys­
tems were developed on large, central­
ized mainframe computers. Both de­
velopment and operation of systems 
were controlled by the data processing 
staff, usually an independent staff. The 
goals of early systems were to reduce 
cost and improve patient care. Since 
the later goal was rather nebulous and 
not amenable to outcome studies, sys­
tems were motivated by an effort to 
reduce costs. The result was a concen­
tration on accounting ~nd the financial 
aspects of patient care. Because of the 
expense and lack of trained computer 
l'etsonnel, shared systems (such as 
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SHAS) became popular in the late 
1960s and still persist although de­
creasing in numbers. 

Shared Medical Systems developed 
one of the most effective implementa­
tions of a financial system. Initially, 
all data were electronically transmit­
ted to a central location for processing 
and results returned. Later implemen­
tations were based on in-house com­
puters. Similar operations were pro­
vided by lliM' s SHAS and McDonnell 
Douglas's McAuto systems. During 
the 1970s, the question often discussed 
was shared systems versus an in-house 
system. 

In the late 1960s and into the 1970s, 
the patient care aspect began to be 
accommodated into system design. 
These systems were truthfully still 
Level I systems, although they were 
suggested to be Level II systems. The 
hardware emphasis moved from batch­
oriented systems to interactive sys­
tems. Again, these systems were based 
on the large mainframe computer and 
were the order/entry result reporting 
model which worked either in con­
junction with or in concert with the 
financial package. Technicon's MIS 
and lliM' s PCS are the classic ex­
amples. The significant costs of these 
systems limited the implementation to 
those larger facilities who could afford 
the hugh financial commitment to pur­
chase or lease these systems. At least 
for the service-oriented tasks, these 
systems worked for those organiza­
tions having the resources: people, 
equipment and dollars. These patient 
care systems were largely designed to 
speed up the process of message 
switching. Events which were now 
performed manually were computer­
ized. Little thought was applied to the 
concept that there were now different 
ways in which some of the tasks could 
be performed. 

With the emergence of the mini­
computer in the 1970s, specialized 
departmental systems were developed. 
These systems performed a well-de-
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fined set of tasks associated with an 
area such as a lab or a pharmacy. Costs 
were less, and therefore more people 
could afford such systems. The disad­
vantage of such systems was mainly 
that they were uncoupled from other 
systems. As networking technology 
was introduced in the 1980s, a second 
approach for the development of an 
HIS appeared on the scene. Simborg's 
STA TLAN is an excellent example of 
this approach. Communications among 
systems is supported by a Local Area 
Network running on a broadband chan­
nel. Each module on the network is 
interfaced to all other modules. The 
linkage between departmental systems 
is accomplished through data request 
and data response. One module trans­
mits a message to another module re­
questing, for example, a lab result. 
The second module is programmed to 
accept such a request and then respond 
by transmitting a second message re­
turning the data. Complete HISs have 
been proposed based on this approach 
using the term "virtual database," im­
plying that the database may reside in 
several departmental modules on the 
network. 

A major problem of such an ap­
proach is that the strength of the total 
system is only as great as its weakest 
link. Smooth data flow depends on the 
response of each module in receiving 
and responding to data requests. Reli­
ability of data, timeliness of update, 
response to changes, and duration of 
data retention are issues of concern. 

A detailed look at one of these sys­
tems may be enlightening -the 
Technicon system [7 ,8] . This system 
had its origin in the Lockheed Corpo­
ration in the early 1960s. Sensing a 
need to diversify from a producer of 
missiles and aircraft and satellites, 
Lockheed made the decision to exploit 
its experience with computers and 
communications by applying it to hos­
pitals. The Lockheed Information Sys­
tems Division was formed in 1964 
with the objective of applying space-
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age technology to solve a hospital's 
information flow problems. In 1966, 
this group assisted the Mayo Clinic in 
identifying its computer requirements 
and those of two related hospitals. 
Although the results of this combined 
effort were never funded and imple­
mented, the engineers gained adequate 
experience to undertake an indepen­
dent development of a hospital infor­
mation system. Returning to their 
hometown of Sunnyvale, California, 
the Lockheed ISD group convinced 
management to fund the development 
of an MIS. El Camino Hospital in 
nearby Mountain View agreed to serve 
as the development site. In 1971, de­
velopment had proceeded to the point 
that a contractual agreement was en­
tered into with El Camino. At this time 
Lockheed encountered difficulties in 
other areas of the corporation and set 
about finding a partner for its emerg­
ingMIS. 

The Technicon Corporation was 
interested in expanding beyond its 
automated clinical laboratory and pur­
chased the system developed by 
Lockheed, naming it the Technicon 
Medical Information Systems Corpo­
ration. During the next several years, 
development continued on a rather 
rocky road to obtaining physician sup­
port for the system. In 197 4, physician 
acceptance and measured cost savings 
resulted in a new contract with El 
Camino, and now the system was 
firmly in place. 

During this period, the National 
Center for Health Services Research 
funded the Battelle Columbus Labo­
ratories to conduct an independent 
evaluation of the MIS. This review, 
one of the most comprehensive re­
views of an HIS ever conducted, was 
generally favorable. 

As interactive use of the system 
increased, Technicon was faced with 
response-time problems. Technicon 
met this challenge by modifying the 
IBM operating system and integrating 
the characteristics of the operating 
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system into their application design. 
This approach proved to be an ulti­
mate liability as hardware and soft­
ware technology provided greater and 
more effective interactive capability. 

In 1972, the same system was imple­
mented at the Ralph K. Davies Medi­
cal Center in San Francisco and in 
1973 at the Nebraska Methodist Hos­
pital in Omaha. In 1975, after several 
other installations, the Technicon MIS 
was installed at the Clinical Center of 
the National Institutes of Health. Cur­
rently, over 100 Technicon systems 
are installed throughout the world .. 

Europe has contributed significantly 
to the development of HISs. The J5 
system developed in Sweden at the 
Karolinska Hospital in the mid 1960s 
[9] was one of the most· advanced 
systems of its time. 

The Kings Hospital computer sys­
tem [10], the London Hospital system 
[11], the University of Hannover Hos­
pital project [12], and the Danderyd 
illS [13] arenoteworthyforearlycon­
tributions. The DIOGENE Hospital 
Information System [14,15] has un­
dergone several evolutions and con­
tinues to be an impressive system. The 
BAZIS illS [16] and the work of nu­
merous groups in Europe and Asia 
continue the development of HISs. 

The HELP system, developed at the 
LDS Hospital in Utah by Dr. Homer 
Warner and his group [17] is commer­
cially available today from 3M. More 
recent systems include work ofB leich, 
Slack and Safran at Beth Israel [17] 
and the development work at Colum­
bia-Presbyterian in New York by Dr. 
Paul Clayton and his colleagues. The 
Duke Hospital Information System 
(DHIS) is a comprehensive hospital 
information system developed in­
house, beginning in 197 5. Major func­
tions including nursing care and medi­
cation administration reports, patient 
admission/discharge/transfer, order 
entry/result reporting, message com­
munication, medical record abstract 
and case mix analysis, specimen/X-

ray/document tracking, and automatic 
charge capture. The system utilizes 
the IMS database structure and the 
CICS interactive terminal handler. 
Applications program code is inde­
pendent of data location within the 
database structure. Data are identified 
by name rather than by location and 
obtained from a common data pool or 
symbol table. It is, therefore, possible 
to reorganize the database without re­
writing applications programs. Items 
such as screen content, screen se­
quence, and the order in which data 
must be collected are treated as data 
elements and are changeable without 
the invo.lvement of an experiencet,i 
programmer. DillS was initially implet 
mented in October 1976 and estab­
lished a terminal network connectina 
all nursing stations, the outpatient clint 
ics, specimen laboratories, and ser­
vice departments. IBM subsequent!~ 
marketed this system as PCS until the 
late 1980s. 

Dorenfest [19] does an excellent 
job of identifying current commercial 
HISs and where they are in their life 
cycle. Mid-life cycle systems include 
TDS, SMS, HBO, IBAX, AMEX, 
MEDITECH,FIRSTDATAandGTE. 
Early life cycle systems include Bell 
Atlantic, PHAMIS, HDS, 3M HELP, 
Cerner, and AMERITECH KDS. The 
ultimate success and survivability of 
many of these systems still remains to 
be seen. 

-Scope and Functionality of A 
Hospital Information System 

Today's hospital information sys· 
terns grew out of developmental work 
thattookplaceduring the 1 ~70s. Func· 
tional specifications, system design, 
and technology selection were driven 
by the immediate problem at hand. 
Three general classes of systems re· 
suited from this methodology. 

Hospital information systems wer 
designed to deal primarily with th 
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problem of moving transaction-ori­
ented data throughout the institution. 
The type of functions which were de­
iVeloped included admission/discharge/ 
transfer (ADT), order entry/result re­
porting, and charge capture. In most 
cases, the systems were controlled by 
administrative and fimincial person­
nel who had responsibility for the ac­
counting systems. Interaction between 
health care providers and the HIS was, 
with a few exceptions, limited to batch 
printed reports such as cumulative 
laboratory summaries and nursing care 
plans. Mainframe technology was uti­
lized as the best hardware platform for 
providing an extensive network. 

The reduced cost afforded by mini­
computer technology in the 1970s led 
to the development of departmental 
support systems, such as laboratory 
information systems, radiology infor­
mation systems, and pharmacy sys­
tems. Priority was given to functions 
which would enhance the efficiency 
and management of the service de­
partment such as worklist manage­
ment, instrument interface, inventory 
and quality control. These systems 
were separate from the institutional 
system with control remaining with 
the department. While such systems 
improved the level of information 
management support available at the 
department level, the department had 
to also assume the cost of all data 
entry, much of which was redundant. 
For example, laboratory per~onnel had 
to shoulder the overhead of admitting 
patients to their system to be able to 
take advantage of its benefits. 

Clinical information systems de­
signed to support the h~alth care pro­
vider grew up mostly in ambulatory 
clinics or sub-specialty areas. This 
origin was ideal because of the limited 
knowledge domain required of the 
system and the restricted amount of 
data available about any one patient. 
Priority was given to manipulating the 
Patient's clinical record and to clinical 
Staff. Control rested with the inter-
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ested clinical staff. First minicomput­
ers, and later microcomputers, were 
used as the hardware platform for these 
systems because of their interactive 
capabilities. 

As early functional priorities were 
met in each of the classes of Systems, 
a second or even third level of need 
was identified and addressed. Before 
long, the developers of one class of 
system found themselves addressing 
needs that had already been solved by 
colleagues working with a different 
type of system. For example, the HIS 
was asked to meet clinical needs such 
as checking for drug-drug interactions 
and departmental needs such as drug 
tracking. At the same time, CISs were 
adapted to handle practice manage­
ment problems such as patient billing. 
Through this process, it became ap­
parent that there is virtually complete 
overlap between the same set of func­
tions required by the different user 
populations. The only difference lies 
in the frequency with which a function 
will be used and, therefore, its per­
ceived priority. 

The networking of the late 1980s 
provided the opportunity of connect­
ing these systems together electroni­
cally. Now, the demographic and ad­
mission data could be passed from the 
ADT system to the various depart­
mental systems. A virtual HIS was 
now conceivable by using different 
type systems developed by different 
vendors. Unfortunately, in the absence 
of data interchange standards, such an 
approach was costly since all inter­
faces between systems had to be cus­
tom-designed. Several standards or­
ganizations were formed to create the 
necessary standards. Much progress 
has been made in this area, but much 
work remains [20]. 

Functions of a Hospital 
Information System 

An HIS is composed of a set of 
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functional modules. A department uses 
the appropriate modules to perform a 
directed task and then communicates 
with other modules or departments. 
The integrated database and commu­
nication aspects are the primary dif­
ferences between a departmental sys­
tem and an HIS. 

The major functional modules are 
defined below. Any given system inay 
implement any number of then for 
each department. 
1. Admission/Discharge/Transfer is 

the core of any hospital information 
system. At a minimum, this module 
must establish a patient record, pro­
vide a unique identification num­
ber, and document the place of en­
counter. Other functions include bed 
availability; call lists; scheduling; 
collection of demographic data, re­
ferral data and reason for admis­
sion; precertification; verification 
of benefit plan and ability to pay; 
preadmission orders and pre-sur­
gery preparation procedures. 
The admission process includes up­
date preadmit/appointment data; 
create the hospital account number; 
collect admitting diagnosis; initiate 
concurrent review; notify dietary, 
housekeeping and human services; 
collect/initiate orders; notification 
of orders/requisitions; bed assign­
m~nt; notification of arrival to all 
interested parties; census with loca­
tors by patient name, identification 
number, account number, nursing 
station, physician group (includes 
primary, admitting, referring, and 
consultants); organize workflow by 
data to be reviewed, reports to be 
completed, and reports to be veri­
fied/signed; bed control; room 
charging including variable ser­
vices/room and multiple patients/ 
day; concurrent review including 
utilization, quality assurance and 
risk management; transfer of pa­
tient including bed control and dis­
continue orders; pending discharge, 
including notify next admission, 
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prepare discharge medications and 
contact home health provider; dis­
charge, including verify diagnoses 
and procedures, discharge sum­
mary, patient instruction and return 
appointments; and case abstracting, 
including diagnosis/procedure cod­
ing, diagnosis-related group statis­
tics and retrospective review. 

2. Accounts receivable management 
at a minimum consists of charge 
capture for the transmission to an­
other system. Other functions in­
clude charge capture with utiliza­
tion review, professional and tech­
nical component billing, proration 
of revenue, corrections and late 
charges; adjustments and payments; 
account aging by method of pay­
ment, by category of patient and 
category of physician, by date of 
encounter, by inpatient/outpatient 
and by date of payment; and collec­
tions, including delinquent accounts 
report, collection comments, dun­
ning letters, turnover letters and 
collection agency reports. 

3. Order entry is a requirement com­
mon to almost all service depart­
ments in the hospital. At a mini­
mum, orders may be entered in a 
batch mode as a method of charge 
capture. The full functionality in­
cludes initial order capture of pro­
cedure,urgency,frequency,sched­
uling (begin date and time and dura­
tion), performer, ordering physician 
and comments; order verification; 
order sets; activation of preorders; 
check for inappropriate orders in­
cluding frequency by patient, match 
to diagnosis, negated by medica­
tions and credential verification; 
order followup including look-up 
patient by requisition number, list 
overdue pending orders and list con­
tinuing orders due to expire; initiate 
work, including insertion on work 
to be done, list by service depart­
ment and nursing station, print req­
uisition, queue for scheduling, and 
print labels; and enter charge if bill-

100 

ing on order entry. 
4. Result reporting varies markedly 

between departments. Minimum 
result reporting consists of notifica­
tion that a procedure is complete. 
Other functions include cancel pro­
cedure; entry of result including flag 
process complete and bill; enter 
normal/abnormal range (numeric, 
coded or text); check data for accu­
racy through edit tables and internal 
consistency such as delta checks; 
and report result including immedi­
ate result reporting, flow sheets or 
graph, related calculated results, 
and physician prompts. 

5. Departmental management func­
tions include inventory control of 
supplies, drugs and perishables; item 
tracking of such things as speci­
mens, charts and films; revenue and 
utilization statistics; word process­
ing; electronic mail; general ledger; 
personnel and payroll and person­
nel scheduling. 

6. Specialized Functions Programs are 
required to perform specialized 
functions for departmental service 
systems. Some examples are de­
fined below. 

In the clinical laboratory, tasks in­
clude accession numbering, collection 
list, specimen tracking, specimen log­
ging, automatic capture of results from 
instruments, quality control, process­
ing controls, calculation of means and 
standard deviation for a test, analysis 
of patient trend, technologist verifica­
tion, check for drug/test interactions 
and protocols. 

In radiology, tasks include result 
reporting (preliminary, fmal, amended 
results), electronic signature, reference 
file, and images of various types. 

In the pharmacy, tasks include veri­
fication of order by pharmacist, dual 
result reporting by pharmacy (number 
dispense) and by nurse (number ad­
ministered), unit dose tracking (fills 
and returns), IV admixture and che­
motherapy protocols. 

For the nursing system, the systellJ 
must accommodate nursing care plans 
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medication administration plans, nurs-
ing diagnoses and nursing notes. 

From a medical records perspec~ 
tive, the system must support a list of 
all diagnoses, an encounter-orientef 
summary, time-oriented summari~ 
(flow sheets), utilization review and 
longitudinal studies. 

In dietary, tasks include meal plan­
ning, menu selection, food distribu­
tion, inventory, ordering, nutrition 
management and drug/food interac­
tions. 

Consultation programs whicb 
should be available include biblio­
graphic retrieval, calculations, mod­
els, decision-support systems, proto­
cols, and medical knowledge bases 
such as the PDR, Emergency proce. 
dures and Poison Index. 

Other general areas of concern in­
clude electronic data capture for pa­
tient monitoring and charting and such I 
miscellaneous functions as energy 
control, marketing, fund raising and 
improved public relations. 

Finally, the needs of the patient 
must be addressed. Patient support 
should include security, privacy, con­
fidentiality for patient data, informa· 
tion sheets for patient education and/ 
awareness, concern for the genenf 
patient welfare, reminders of appoin. 
ments, admissions, tests and health 
maintenance reminders. 

Systems of Today and the 
Needs for Tomorrow 

Today' s hospital information sys; 
terns are primarily built around the 
framework of technologies and p · 
losophies of the 1970s. As new co 
cepts and new technology have co 
into being, these classical systems wetq 
modified, most usually at the surf 
level, to accommodate these chang 
Most of these systems were design 
with no thoughts of a computer-b 
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patient record. In fact, most of these 
s-ystems, even today, retain the data 
relating to a single hospitalization for 
only a few months. The orientation of 
these systems remains problem-fo­
cused and task-oriented. These sys­
tems use a mainframe computer, a 
central database and character-based 
terminals. Few of these systems sup­
port a unified patient problem list and 
complete, integrated studies and 
therapy data sets. 

Some new systems are currently 
:Ullder development using today' s tech­
nologies. Many of these new systems, 
for example Cemer, are being built 
around a CPR using distributed archi­
tecture. Most use client/server archi­
tecture, a graphical user interface, and 
afunction-oriented workstation. Most 
ofthese systems still have many prob­
lems to solve before a fully-packaged, 
smoothly running system is commer­
cially available . . 

Today's systems are primarily an 
automation of the manual system for 
health care delivery. The design men­
tality supports the flow of documents 
as the primary communication. The 
traditional paper chart still exists in 
even the most computerized hospitals 
of today. No major systems exist to­
day in which all data and the. manage­
ment of that data is computerized. 

Tomorrow's system must come 
from a major paradigm shift. The un­
derlying philosophy must be patient­
centered - what are the requirements 
of a system whose primary purpose is 
to provide the mechanism for the most 
efficient and economical care possible 
for humans. Rather than using the com­
puter to improve the current paper­
oriented system, the new systems must 
answer the question: Given this pow­
erful computation device with mas­
sive storage and ubiquitous network 
~ages, with graphical interfaces, 
~age display capabilities, vast and 
~stant data analyses, and personaliza­
tion of function, what can and should 
the health care information system of 
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tomorrow provide? 
First, a patient-centered record re­

quires all data relating to the patient 
and the patient's well-being to be 
available at all times and at any appro­
priate location. Data from primary care 
physicians, specialists and hospital 
stays must be integrated into a single 
record. This record is a virtual record 
and may well be stored in a variety of 
locations. A common problem list and 
a complete drug list with patient 
allergies must be maintained and 
widely available. Data must be shared 
among all the providers of care. The 
patient record must be a lifetime record, 
extending before birth to after death. 

The new HIS will contain charac­
ter-based data, image data, waveforms, 
drawings, digital pictures, motion vid­
eos, voice and sound recordings. The 
networks tying these systems together 
must have a wide bandwidth in order 
to accommodate the volume of data 
which must be exchanged in real time 
among facilities. Electronic mail will 
provide easy linkage among the pro­
viders requesting consults and discuss­
ing a patient's care. A clinically rich 
common medical vocabulary whose 
major purpose is communication must 
be created and used by all participants. 
Confidentiality and privacy issues must 
be adequately supported with patient 
consent for the sharing of data. 

The new system must support source 
data entry, most specifically by physi­
cians. Most of the computer support 
algorithms are useful only if they are 
interactive with the person making the 
decision at the time of decision mak­
ing. Workstations customized for phy­
sicians, nurses, and other clinical per­
sonnel as well as administrators and 
researches will be mandatory for 
tomorrow's systems. The move to­
ward managed care increases the ne­
cessity for informed, algorithmic­
driven order sets. 

Decision support systems, operat­
ing in the background, will save much 
money as well as improve patient care. 

Review Paper 

A typical physician session involving 
ordering tests and prescribing treat­
ment may typically invoke several 
thousand decision rules. These deci­
sion rules need to be standardized and 
shared by the international commu­
nity. 

Much of the functionality of today' s 
systems must be retained. The trans­
mission of orders, processing of or­
ders, and reporting of results still re­
main. Functional requirements of 
ADT, scheduling, department service 
management, supply replacement, in­
ventory, materials management, and 
documentation still remain. Quality 
assurance should occur in real time, 
rather than recognizing days later that 
something was overlooked or that a 
mistake was made. 

Schwartz states "that few systems 
have fully explored the possibility that 
the computer as an intellectual tool 
can reshape the present system of 
health care, fundamentally alter the 
role of the physician, and profoundly 
change the nature of medical man­
power- in short, the possibility that the 
health-care system by the year 2000 
will be basically different from what it 
is today [21]". We clearly have a dis­
tance to go. 
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