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about patients are entered and used (see figure 1). To provide information for physi-
cians and administrators making decisions, the computer system must be able to
quickly manipulate and analyze data in many ways helpful to them. Satisfying this
requirement calls for careful structuring and definition of the data base as well as so-
phisticated software. Finally, researchers need a medical information system with
capacity to store massive amounts of data on large populations for long periods of
time.

Advances in computer technology have made all these capabilities technically
possible, but no medical information system at present performs all four functions.
Existing systems emphasize different capabilities and vary widely in scope of applica-
tion. One system, for example, transfers patient data efficiently from one service
unit to another, but has no capability for the long-term storage of patient records.
Another system offers extensive aid to clinicians making decisions about medical
treatments, but does not generate administrative reports or prepare patient bills.

Medical information systems have some common features. All use a computer
for organizing entries of data, patient records, or reports; maintaining data files on
patients; computing; abstracting and summarizing data; generating reports; and
message-switching (2). All systems include some kind of bulk storage and various
types of terminals for entering and retrieving data.

Medical information systems vary, however, in such technical aspects as use of
large or minicomputers, location of the computer onsite or shared computer services
off site, data entry and retrieval devices, storage of data in the system, and program-
ing language. Other variables include who enters and retrieves data about pa-
tients, the extent to which the medical record is computerized, whether narrative
information is allowed, which patient data are coded, and in what form data are re-
trieved.

Because systems differ so much, the term “medical information system” can be
confusing. The label has been applied to computer systems ranging in function from
single purpose subsystems for scheduling patients or for diagnosing single diseases
to complex systems that attempt to provide comprehensive information for an insti-
tution. Because medical information systems have been developed through the inde-
pendent efforts of many investigators, today’s systems reflect a diversity of philoso-
phies and technical approaches.

D E V E L O P M E N T  A N D  S U P P O R T

Both the computer industry and the Federal Government have recognized the
potential of computers to process the medical data needed for patient care. Compu-
ter applications for the clinical management of patients, however, have not been de-
veloped as rapidly or accepted as widely as financial and administrative applications.
In the mid-sixties, Federal requirements for accountability in billing spurred the de-
velopment of a great number of computer applications for hospital business offices.
Computers were also used for such tasks as collecting bills, managing hospital re-
sources, and keeping track of patients within the hospital. These computer systems
succeeded both because there was sufficient demand for them by medical care insti-
tutions and because the necessary technology had already been developed and used
in other fields, such as banking and the airline industry.



13 ● Ch. 2—Background

Figure 1-HOSPITAL DEPARTMENTS WHERE COMPUTER
TERMINALS ARE LOCATED
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Developing computer systems that provided necessary data for patient care as
well as supported management functions posed a different set of problems. A num-
ber of early attempts to install integrated information systems in hospitals were
costly failures. These projects, which were launched in the mid-sixties, were typical-
ly initiated by private industry with the cooperation of pilot hospitals. At times,
Government research funds gave some support. A review of these unsuccessful
projects cited three primary reasons for their failure: inadequate understanding of
the complexity and variations in medical care; inadequate computer hardware and
software; and inadequate commitment of capital for long-term development (10).

Variable Medical Care. The fundamental requirement of a medical informa-
tion system is that it store all pertinent data about each individual patient in an inte-
grated computer record. The nature of medical care itself complicates computerizing
the entire medical record. No rules specify what information should be entered into
the medical record in clinical care. Style, format, and language typically differ from
one institution to another and from one clinician to another (12). In addition, be-
cause the medical record contains narrative as well as numerical data, a potentially
unlimited amount of information has to be structured and possibly codified for entry
into the computer (22).

This problem has been somewhat resolved by having developers of medical in-
formation systems work closely with physicians and other medical care providers to
define data bases in language and formats acceptable to individual institutions. In
most systems, the complete medical record has not been computerized. Sections that
are primarily numerical and defined, such as orders for and reports on laboratory
tests, medications, and routine procedures have long been computerized. Narrative
sections of the medical record that vary in content, such as physicians’ notes on a pa-
tient’s progress during therapy, have either been added incrementally to or excluded
from the computer record.

The lack of a precise and complete vocabulary hampers communication between
computer systems and providers. Substantial research is needed to analyze the con-
tent of medical data in terms, for example, of the frequency of various items. Such
research would aid in the development of a terminology that is consistent with med-
ical standards and that gives medical care providers flexibility in entering and re-
trieving data. At present, lack of standardized nomenclature or established protocols
in medical care continues to constrain the development of a generalized data base
(9).

Computer Hardware and Software. Developers of medical information sys-
tems have also had to resolve a number of technical problems in order to meet the
requirements of the medical care environment. In order for data to enter and leave
the information system quickly, medical care professionals need to communicate
with the computer directly. Designing a system that permitted direct communica-
tion was a major obstacle. Developers eventually designed computer terminals that
were easy for providers of patient care to use. Computer terminals consist of a cath-
ode ray tube ( a television-like screen) and a typewriter keyboard. In some systems,
the medical professional enters or retrieves data by touching, by “pointing” a light-
pen, or by pressing a button to the left of the desired item displayed on the video
screens. Typing on a keyboard has become a supplementary, rather than a primary,
means of entering data. High-level computer languages that resemble conversation-
al English have also been developed to facilitate changes in programing.
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Early systems were slow in responding to inquiries from medical care providers.
Physicians and nurses found that using these systems to enter or obtain data was
more time consuming than traditional methods. As hardware costs gradually de-
creased, computers that responded almost instantly became feasible. Medical infor-
mation systems now usually respond in under 2 seconds.

If providers are to rely on medical information systems, the computers also have
to operate 24 hours a day. Systems installed in the late sixties had frequent “down-
times,” but considerable progress has been made. The prototype medical informa-
tion systems currently in use operate over 99 percent of the time. Backup computers
ensure necessary support for medical care providers.

Today, technical limitations are of a different nature (39). Recent advances in
computer technology are providing smaller and much less expensive hardware, but
are also raising new problems for software and for communication between provid-
er and computer. The use of microprocessors, for example, requires the develop-
ment of systems software that is more transferable. Software for application pro-
grams also continues to need further development. For example, techniques allow-
ing software to be easily modified for different settings are available, but have not
yet been generally applied in medical information systems. Also, low cost, portable
terminals are not yet widely available. Because medical care professionals see pa-
tients in a number of locations, the absence of easily portable terminals has hindered
clinical applications.

Funding Support. A third major problem area has been the lack of long-term
commitment of capital. Development of medical information technology has been
characterized by high costs and long lead times. A survey of ambulatory care sites
with automated medical record systems reported developmental costs ranging from
$100,000 to $10 million, with the majority of computer projects costing $100,000 to
$300,000 for development (23). projects required 1 to 7 years of research and devel-
opment before they became operational. No similar survey of hospital-based medical
information systems is available. Two systems that are currently operational, Tech-
nicon’s Medical Information System and National Data Corporation’s VITAL, cost
$25 million and $12 million respectively to develop (2). Development of the former
by the Technicon Corporation and its predecessor, Lockheed, spanned 10 years.

Funding for development of medical information systems has been provided by
private industry, the Federal Government, and, in some cases, medical care institu-
tions themselves. Although commercial groups have emphasized applications for ad-
ministration, billing, and accounting, private industry has nonetheless been the ma-
jor source of funding for the research and development of medical information sys-
tems (13). Total expenditures are unknown, but far exceed those of the Federal Gov-
ernment.

The principal agency charged with developing medical information systems
technology in the Federal Government is the National Center for Health Services
Research (NCHSR) in the Health Resources Administration of the Department of
Health, Education, and Welfare. Other Federal funds for special projects in this area
have come from the Bureau of Health Manpower and the Indian Health Service in
HEW, as well as the Veterans Administration and the Department of Defense.
NCHSR makes grant funds available to investigators for research and/or demon-
stration projects in medical information technology. In the 7 years since its estab-
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lishment in 1969, NCHSR has spent a total of $26.6 million for projects relating to
medical information system s.*

According to some investigators, however, project funding is sporadic, subject
to annual approval, and often limited compared to the scope of the project (10, 20).
In addition, in recent years funding support by Government has been decreasing
from the levels of spending in the late sixties and early seventies. Expenditures by
NCHSR for grants relating to medical information systems decreased from a high of
$4.6 million in FY 1974 to $3.3 million in FY 1976. * As a result, competition among
investigators applying for grants has become much stiffer, and some projects have
been discontinued.

Support by private industry for research on medical information technology
has fluctuated. The computer industry developed the basic technologies for medical
information systems in the late sixties and early seventies, but many companies
have not marketed their developmental projects. A 1973 publication listed 15 compu-
ter companies actively developing integrated information systems for hospitals (4).
Only five of these companies had operational systems installed in hospitals in 1976.
These five medical information systems, marketed by the Technicon, National Data
Communications, Data Care Systems, McDonnell Douglas, and Medicus Systems
Corporations, are now operational or in the process of being installed in approxi-
mately 20 hospitals around the country (2, 15). Two equipment manufacturers, IBM
and the Burroughs Corporation, offer a variety of applications that can be combined
to develop an integrated system, and a few medical care institutions are developing
their own inhouse modular systems from subsystem applications (2). A modular sys-
tem could permit, for example, an institution to begin with administrative and busi-
ness systems and later expand to include clinical applications. .

There are no other broad-based systems operational in hospitals. One hypothe-
sis is that the long developmental time lag, frequently 5 to 10 years, and the prospect
of a low volume market discouraged industry in the past (16). However, a number of
companies, building on advances in computer technology, are now developing new
systems using minicomputers (32).

A 1974 survey of ambulatory care identified 175 sites that operated computer
systems with some medical data content (23). These systems were diverse in their
application; most were developed for a specific purpose and collected only minimal
clinical data. Although at least 14 commercial vendors were identified in the survey,
none offered a system that computer processed all the data used in providing patient
care. Only four sites had systems in which all reported data were computerized: the
Harvard Community Health Plan in Boston, Mass., the Cardiovascular Clinic in Ok-
lahoma City, Okla., Brunswick Naval Air Station in Maine (not now operational),
and the Medical University of South Carolina at Charleston, S.C.

The source of funding for projects at the 18 sites visited during the survey was
approximately evenly divided between internal funds and external sources, primari-
ly Federal grants. Nearly every site was still developing some aspect of the project
and thus continued to need internal support or direct Federal appropriations.

● Based on expenditures for FY 1971 through FY 1976 supplied by the Department of Health, Edu-
cation, and Welfare.
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Thus, although substantial advances, especially technical ones, have been made,
conceptual and funding problems continue to constrain the development of medical
information systems, Because current developmental projects are diverse in capacity
and degree of comprehensiveness, they have different goals, impacts, and costs. No
consensus has been reached on the defining characteristics of medical information
systems.
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DESCRIPTIONS OF THREE SYSTEMS

Because of the different goals, impacts, and costs of existing medical informa-
tion systems, no single system can be considered representative. In order to illus-
trate this diversity, three systems are described in detail. One system, the Technicon
Medical Information System (TMIS) at El Camino Hospital, is specifically designed
for the acute care hospital. Another system, the Computer Stored Ambulatory Rec-
ord (COSTAR) system at the Harvard Community Health Plan, is designed for am-
bulatory care. The third system, the Problem-Oriented Medical Information System
(PROMIS) at the University of Vermont Medical Center Hospital, is a developmen-
tal project that attempts to guide, as well as to support, the provision of medical care.
The prototype operates in an inpatient setting, but the system is designed for use in
any kind of medical care delivery site.

These three systems were chosen for discussion in this report because they rep-
resent different technical and conceptual approaches to handling information and
are considered exemplary by professionals knowledgeable in the computer and med-
ical fields. In no way does inclusion in or omission from this report support or criti-
cize any system.

T E C H N I C O N  M E D I C A L  I N F O R M A T I O N  S Y S T E M  ( T M I S )

El Camino Hospital in Mountain View, Calif., was the demonstration site for
the Technicon system. El Camino, a 450-bed community general hospital with a
medical staff of 340 physicians, serves patients under the care of their personal
physicians. The hospital does not have an internship or residency program. It pro-
vides no outpatient services except diagnostic procedures for patients referred by
staff physicians. It does have an emergency room.

The Technicon Medical Information System (TMIS) has been in operation at El
Camino Hospital since 1972. Three years of development at the institution preceded
the actual implementation. Implementation of the system throughout the hospital
took 9 months. The Technicon Corporation and its predecessor, the Lockheed Cor-
poration, bore the costs of development (over $25 million). The National Center for
Health Services Research later awarded funds to El Camino Hospital for evaluation
of the project.

System hardware, a large IBM computer, is located at Technicon’s regional com-
puter center, several miles from El Camino Hospital. A second IBM computer is
available at the regional center for backup support. Data are maintained at the cen-
tral processing facility using disks and tapes for storage. The hospital’s 58 video and
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31 printer terminals are linked to the computer center via high speed telephone
lines. For the most part, software is written in assembly language, and COBOL is
used for financial reports.

The Technicon Medical Information System is a hospital-wide system. It is de-
signed to store patient data and send appropriate data, either upon request or auto-
matically, to personnel who need them. Objectives of the system include more effi-
cient hospital operations, improved patient care, and reduction or containment of
hospital costs. A major goal of the system is to facilitate nursing activities.

Capturing Patient Data. Physicians, as well as nurses, ancillary service per-
sonnel, and admitting clerks, enter data through video terminals, which consist of a
television screen, a keyboard, and a light-pen for rapid selection of information pre-
sented on the screen. Direct use by physicians distinguishes TMIS from several
other hospital-wide systems. Alternatively, nurses can enter data for physicians.
Terminals are located at each nursing station and in ancillary service departments.
Each authorized person gains selective admission to the system by typing a unique
identification code on the keyboard. This procedure ensures that hospital personnel
can enter and obtain only information appropriate to the performance of their jobs.

The television screen displays a list of items, for example, laboratory tests that
the physician might wish to order (see figure 2). A specific item is selected and en-
tered into the computer system by pointing the light-pen at the desired phrase and
pressing a switch on the barrel of the pen. Using the light-pen, a physician can enter
a full set of medical orders (laboratory work, medications, X-rays, diet, activity, etc. )
for a specific patient. The displays remind physicians to make orders complete; for
example, when a medication is ordered, the display notes the need to specify sched-
uling and method of administration (oral, intravenous, or intramuscular) in addition
to dosage. The keyboard may be used to enter any information that is not displayed
in the display frames. TMIS prints copies of new orders for verification by the physi-
cian or nurse at the nursing station and automatically routes the orders to the ap-
propriate hospital department (see figure 3). Orders to be carried out in the future
are held in the system until the time designated.

Nurses use the system to enter physicians’ verbal or telephoned orders, to re-
port vital signs, and to record medications administered. Nurses must indicate by
light-pen selection whether an ordered medication has been administered and, if it
has not, provide a reason. Several nursing stations are experimenting with a com-
puterized plan for nursing care that enables nurses to enter their patients’ actual and
potential problems and prognoses as well as nursing orders.

Other personnel also use the system. Admitting clerks enter a complete admis-
sion record through the video terminals. Clerks or technicians in ancillary services
enter patient data. For example, clerical personnel type in dictated radiologist re-
ports in the X-ray department. Results of high volume laboratory tests are entered
by linking automated laboratory instruments directly to the TMIS computer.

Retrieving Patient Data. Once data are entered into the system, authorized
personnel can review them immediately on the videoscreen terminals. Printer ter-
minals also provide paper copies (printouts) at the nursing stations and in the ancil-
lary service departments. The video terminal can display all data that have been en-
tered from any point in the hospital up to the moment of retrieval.
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Figure 2–TMIS Laboratory Test Order Display
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Physicians and nurses can retrieve the following information about their pa-
tients: admissions data, laboratory test results, X-ray reports, medications given,
current orders, all orders since admissions, nursing notes, diagnoses, and allergies.
Information in any category can be broken down to isolate desired data as, for ex-
ample, cumulative results of a specific laboratory test. In addition, before each nurs-
ing shift, TMIS prints out a Patient Care Plan for each patient that lists all current
orders to be carried out during that shift (see figure 4). “Medications due” lists are
printed automatically throughout the shift.

Physicians can also obtain displays on general medical information compiled by
staff physicians. TMIS currently stores information about subjects of interest in ap-
proximately 2,000 display frames. The “medical library” includes such information
as abstracts of current articles from surgical journals, lists of antibiotic sensitivities,
and interpretative aids for laboratory test results.

Communications, Administrative, and Business Functions. TMIS routes or-
ders from nursing stations to the clinical laboratory, pharmacy, radiology, and die-
tary departments. At the same time that orders are printed in the pharmacy, the sys-
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Figure 3–TMIS Printout of New Orders
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Figure 4--TMIS Patient Care Plan
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tern automatically produces labels for medications. Worksheets are printed for each
ancillary service department; for example, the laboratory periodically receives lists
of specimens to be picked up from patient care areas. TMIS automates the adminis-
trative tasks of admitting, transferring, and discharging patients. The system also
provides reports on current bed status, that is, occupied and unoccupied beds.

A comprehensive business subsystem is part of the total TMIS system. The
computer system automatically generates charges for services and supplies ordered
and bills patients. It also provides for accounts payable, general ledger, budgetary
control, inventory control, employee payroll, labor distribution, and workload statis-
tics.

Patient Record. The individual patient’s medical record is composed of both
computerized and noncomputerized sections. Physician orders, cumulative medica-
tions, laboratory and X-ray reports, postoperative summaries, and admitting and
discharge records are computerized. Printouts are produced for the paper medical
record. Physicians’ progress notes, most nursing notes, patient history, physical ex-
amination, and other materials are still recorded manually. The paper medical rec-
ord, including the portions printed by TMIS, is maintained by the medical record de-
partment.

Patient data are stored in the active computer data files for 48 hours after a pa-
tient’s discharge. These data are then transferred to magnetic tape for permanent
storage. However, at present TMIS has no capability for long-term retrieval of an
individual patient’s record. (The Technicon system has incorporated this capability
at several other hospitals. ) A new computer record is started if the patient returns
for another hospitalization. The paper medical record is used for pertinent informa-
tion on previous care.

Priorities. Although TMIS has been operational at El Camino Hospital for the
past 5 years, both hospital and Technicon personnel consider the system as, in many
respects, still being developed. Priorities for new applications of TMIS at El Camino
Hospital include:

● medical care and nursing audits;

● management functions, such as patient scheduling for ancillary services
and optimal nurse staffing; and

● information to help physicians reach clinical decisions.

C O M P U T E R  S T O R E D  A M B U L A T O R Y  R E C O R D  ( C O S T A R )  S Y S T E M

The Harvard Community Health Plan (HCHP) in Boston, Mass., is a prepaid
group practice of 50,000 members that provides comprehensive medical care, includ-
ing medical, surgical, and nursing services, laboratory and X-ray facilities, and
emergency care. Since its establishment in 1969, HCHP has collaborated
with the Laboratory of Computer Science (LCS) at the Massachusetts General Hos-
pital to develop and implement COSTAR at its Kenmore Center facility. Costs for
development during the first 5 years of operation were $2.5 million (23). Develop-
ment of the system was supported by Federal grants. Currently, operational costs
are paid by HCHP. The Laboratory of Computer Science has been responsible for
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the technical support of COSTAR. However, HCHP has recently decided to assume
complete operation of the system in the near future.

The computers used in the COSTAR system are medium-sized Digital Equip-
ment Corporation computers, located at LCS. Data are stored on moving head disk
storage units. Application programs are written in MUMPS, a high level computer
language designed by LCS. Over 30 video terminals and 3 printer terminals are lo-
cated in the HCHP facility.

The Harvard Community Health Plan uses COSTAR to provide most of the in-
formation it requires for both patient care and program management. The system is
primarily designed to improve the availability of information for patient care with
modest increases in cost. It also is used to assess quality of medical care and to carry
out administrative functions.

Capturing Patient Data. Medical personnel are not themselves required to en-
ter data into the computer. Instead they enter data on a sheet of paper called an en-
counter form at the time of a patient visit. Clerical staff use video terminals in the
medical record department to enter all data from the encounter forms into the com-
puter, Because items are preceded on the encounter form, these clerks do not need
to extract appropriate data, and problems of transcription are minimized. By check-
ing off items on the encounter form, the provider (either a physician or nurse) re-
cords the patient’s problems, medications or other therapies, and disposition. Differ-
ent encounter forms have been specifically designed for each of the major special-
ties. Information on the forms is organized according to a carefully defined and lim-
ited vocabulary (see figure 5).

The physician or nurse can add a line of text to any of the coded entries. To add
more detailed comments, the provider can dictate findings regarding a problem. All
additions will be associated with that problem and appear with it whenever the rec-
ord is produced. For an initial health assessment or a routine checkup, the provider
records the patient’s vital signs and completes a checklist of demographic data. In-
cluding a brief statement about the patient’s personal and social background is also
an option. X-ray and electrocardiogram reports are recorded on separate encounter
forms. Laboratory test results are entered through a terminal located in the clinical
laboratory.

Retrieving Patient Data. The medical record department enters appointment
lists for each provider into the computer. For each patient, COSTAR automatically
produces a paper printout of summary data that is distributed to the physician prior
to the scheduled appointment. The information included in the summary depends
on the specialty group to which the physician belongs. A limited amount of text
about each diagnosis is always included in the summary. For visits to some kinds of
specialists, extensive text about the patient’s major problems is also included.

The basic printout is a Status Report on the patient and includes (see figure 6):

● identification data;

● up to three lines of background information;

. a problem list with the total number of visits for each problem and the date
of the last visit;

● current and past medication therapy;
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Figure 5–HCHP Encounter Form for the Internal Medicine Department

4) SITE

6 )  H o s p i t a l  o r  E W  V i s i t

5) TYPE

A&SC SCHEDULED
B WALK- I N
c TEL E PHONE
D CANCEL LEO
E— DNK
F CALL - I N
G— I N - P A T I E N T
H— EW
I NON-ENCOUNTER
J GROUP

A p p r o v e d : Yes— — N o

**.:::* ***** *:. T H I S  I N F O R M A T I O N  F O R  F I R S T  V I  S I T \  P R I M A R Y  P R O V I D E R  O N L Y  ~~• ;~*::~.:;:’

7) PRIMARY MO PIOfk /“n 8)  PRIMARY RN d
9) RACE: A~ C A U C A S I A N  B BLACK c SPANISH SPKG o OTHER

1 0 )  M A R . S T A T U S :  A SINGLE B~MARRIED  C W I D O W E D  D S E P A R A T E D  E DIVORCED

1 1 )  #  O F  C H I L D R E N d 12)  PT .  OCCUPATION

PERSONAL BACKGROUND OF PATlENT - O n l y  f o r  p r i m a r y  p r o v i d e r s

( T o  c h a n g e , r e w r i t e  e n t i r e  s e c t i o n ;  m a x .  t h r e e  l i n e s . D o  n o t  r e p e a t  a b o v e  d a t a . )

Consu l  t a t  i on  w /
(ente r specialty and provider's last name, i f specified)

( IF  A  CONSULTATION NOTE IS  NECESSARY, I N C L U D E  R E A S O N  F O R  C O N S U L T  I N  R O U T I N E  D I C T A T I 0 N )

4 3 )  R E F E R R A L  T O  O U T S I D E  A G E N C Y  -  N O N - H O S P I T A L

enter fulI name & address o f physician and/or agency)

DOCUMENTS TO BE FORWARDED :

4 4 )  H O S P I T A L  A R R A N G E M E N T S  ( m a k e  a  c h o i c e  i  n  e a c h  C Ol u m n )

( c o n t i n u e d )



29 ● Ch. 3 —Descriptions of Three Systems

Figure 5 ( c o n t i n u e d )
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. laboratory test and X-ray results; and

● consultations requested but not yet recorded.

The individual provider can request data in other formats as well, such as the
report of a previous visit, laboratory results not associated with a previous visit, or a
flowchart of a particular problem, laboratory test, or medication.

In addition to the printed record, videoscreen terminals located in every area of
patient care allow the provider to obtain immediate access to any part or all of the
computer record. The video terminal is most often used for reviewing an extensive
record or obtaining information about patients without scheduled appointments.
Entry to terminals does not require a password or other identification. However,
they are located in areas where they can be monitored by professionals.

Administrative and Business Functions. Managerial requirements for data at
HCHP are determined by both its organization as a prepaid plan and its highly mo-
bile population; there is a 20 percent membership turnover each year. COSTAR pro-
vides data on current enrollment, certification of claims, and appointments. The
computer produces a variety of administrative reports and statistical analyses for re-
viewing utilization, budgeting, and manpower and facility planning. Although CO-
STAR itself produces bills for the few patients who pay fee-for-service, other com-
puter systems perform business services such as cavitation billing, payroll, and fi-
nancial reports.

Patient Record. The COSTAR system stores all patient data generated at
HCHP. Parallel information is not kept in a paper medical record. The medical record
room maintains files, however, for copies of letters or discharge notices from other
physicians or hospitals, electrocardiogram tracings, and other materials that are not
computerized. Patients’ records are stored on computer disks in the COSTAR sys-
tem indefinitely for all current members. For permanent storage, former members’
records are put on disks that are not connected to the central processing unit.

Priorities. HCHP’s priority is to expand its use of COSTAR for reviewing the
quality of medical care given to patients. Under a current experimental program,
COSTAR monitors the data files of patients with several specified conditions,
Standards for treatment were developed by a committee at HCHP and programed
into the computer. If the care being given deviates from these standards, reminders
are printed out to physicians. Work is in progress to add computer protocols for ad-
ditional medical treatments. HCHP also plans to duplicate the COSTAR system at
another HCHP facility in Cambridge, Mass.

P R O B L E M - O R I E N T E D  M E D I C A L  I N F O R M A T I O N  S Y S T E M
( P R O M I S )

The demonstration site for PROMIS is the Medical Center Hospital, a 450-bed
teaching hospital at the University of Vermont in Burlington. The PROMIS Labora-
tory, located at the University, designed and implemented the system. Development
began in 1967, and PROMIS was installed and used in a 20-bed gynecology ward in
the hospital from 1971 to 1975. During the 4 years of its operation on the ward,
PROMIS was also implemented in the ancillary service departments most frequently
used: radiology, the clinical laboratory, the pharmacy, and in the doctors’ lounge
where surgeons entered their notes after operations. Secretaries on the ward acted



Figure 6–COSTAR Patient Status Report
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as intermediaries for departments that were not included in the computer system.

Hardware used when the system operated on the gynecology ward included two
large Control Data Corporation computers and 14 touch-sensitive video terminals.
Program languages (MACRO assembly, HIP, and SETRAN) developed by the Con-
trol Data Corporation were used. The PROMIS staff itself did the application pro-
graming. The entire system was updated by the PROMIS Laboratory in 1975 and
implemented on an internal medicine floor at the end of 1976. The new system uses
Varian minicomputers and high-speed Megadata touch screen terminals. Data are
maintained on disk storage. Application programs are written in PPL, a new lan-
guage developed by the PROMIS Laboratory.

Support for development of PROMIS has been provided under grants, and cur-
rently a contract, from the National Center for Health Services Research. Total
funding through FY 1976 was approximately $4 million. Additional resources have
been provided by the Robert Wood Johnson Foundation and the University of Ver-
mont College of Medicine.

Capturing Patient Data. PROMIS is unique in two respects. It not only radi-
cally restructures the medical record, but also directs the process of clinical care. The
PROMIS Laboratory staff developed these capabilities in order to address problems
hindering the provision of medical care: dependence on the physician’s memory, in-
effective organization for massive amounts of medical data, and lack of meaningful
feedback about the appropriateness of care.

In PROMIS, data are organized by patient problem. The computer record is
structured around four phases of medical action: an initial data base on each patient,
including medical history and physical examination; a list of the patient’s problems;
diagnostic and treatment plans for each problem; and progress notes on each problem in-
dicating how the patient is progressing during therapy. Except for the initial data
base, every entry into the computer record is associated with a particular problem of
the patient. Thus, when a technician enters the result of a laboratory test, the data
are entered under the problem for which the test was initially ordered. By structur-
ing the record in this way, all information pertinent to a problem is organized logi-
cally for review by the physician and other medical care professionals.

Personnel enter data about patients through video terminals. The videoscreen
of the terminal displays an array of choices, and the provider makes a selection by
touching the screen. Data are entered by the medical care professionals who origi-
nate them. For example, physicians and nurses enter notes about the patient’s prog-
ress, radiologists enter notes as they read films, and technicians in the clinical lab-
oratory enter results of tests. In addition, patients enter their own medical histories.
Each staff member has a unique identification code that allows entry and access only
to those parts of the computer record necessary for the provision of care.

PROMIS guides these medical care professionals in structuring the vocabulary,
content, and organization for the patient computer record. This guidance is accom-
plished through the display frames viewed on the videoscreen that providers use to
enter data. Sequential frames are displayed according to logic algorithms (decision
trees) programed in PROMIS. The information shown in a particular frame depends
on the choice selected in the previous frame. The answers a provider gives to ques-
tions, not the providers themselves, determines what frame appears next. The dis-
play frame sequences guide the provider through logical pathways and ensure that
notes and orders are complete.
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The videoscreen first shows the provider a master frame (see figure 7). From
this frame, the provider selects a category of information and chooses whether data
are to be added or retrieved from the computer patient record. To enter information
about a new problem, for example, a physician would touch’ ’problem list” from the
“add to” column. A system of the body, cardiovascular for example, is then chosen.
The subsequent frame would show possible diagnoses for the cardiovascular system
(see figure 8A). If “hypertension” were chosen from the list of possible diagnoses,
the frame shown in figure 8B would appear to request more information. This com-
munication between the physician and display frames would continue until a com-
plete narrative description of the problem had been generated. Figure 9 shows such
a narrative that has been retrieved on the problem “cirrhosis. ”

Figure 7– PROM IS Master Frame

SOURCE PROMIS Laboratory
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Figure 8–  PROMIS Display Frames for Entering Data About a Patient Problem

8A
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S O U R C E  P R O M I S L a b o r a t o t y
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Figure 9–PROMIS Narrative on a Patient Problem

s O U R C E  FTIOMISLaboratOtl

Along with the sequenced display frames that guide medical care personnel in
entering data about the patient, PROMIS supplies display frames that present medi-
cal knowledge. Only medical knowledge appropriate to a specific problem and clinical
action is shown because “medical content” frames are carefully programed and inte-
grated with data entry frames.This integration ensures that physicians receive
medical knowledge automatically.

When the physician orders a drug, for example, the ’’medical content” frames
would indicate such information as side effects, drug and test interactions, cost, and
usual dosage. Display frames on laboratory tests list risks, normal ranges of results,
costs, and contraindications. Medical content frames help to diagnose a particular
problem by suggesting possible diagnoses and tests that would rule out some possi-
bilities. Finally, medical content frames on treatment and follow-up care for particu-
lar problems or diagnoses give the physician options for action.

Medical content frames are rigorously researched before they are entered into
the computer system. Recognized experts in the relevant field review the frames for
completeness, accuracy, and currency. The display frames also include numbered
references to medical literature available in the university medical library. Current-
ly, the PROMIS “library” includes over 33,000 frames. Medical literature is con-
stantly reviewed, and if recent articles dictate any changes, the PROMIS staff enters
the new information on display frames.

Retrieving Patient Data. Patient data can be reviewed on the videoscreen ter-
minals or on hard copy printed out by printer terminals. Because all data are linked
to a particular problem of the patient, the information in the computer record is
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well-defined and structured. Data can thus be obtained by almost any parameter re-
quired. A physician can review progress notes by problem over time, a pharmacist
can review current medications, and a nurse can obtain all outstanding orders by
problem for each patient. A display frame showing a patient’s current outstanding
laboratory tests is shown in figure 10.

Communication and Administrative Functions. PROMIS routes messages be-
tween areas of patient care and ancillary service departments. Currently, PROMIS
does not incorporate administrative functions, such as payroll and accounting. Be-
cause entries of procedures, services, drugs, and tests can be associated with
charges, a business subsystem could be integrated into the computer system. The
design of PROMIS could permit the addition of such functions as patient scheduling,
automatic laboratory reporting, and other applications in the future.

Patient Record. All data that are recorded about the patient are stored in the
computer record. In addition, because every entry shows date, time, and staff mem-
ber who entered it, the process of medical care is clearly documented for future
audit. Computer records are maintained indefinitely on disk storage. Because
PROMIS was installed in only one service, paper medical records were also kept.

Priorities. PROMIS is still in the developmental stage, although it has been
shown
tinued

●

●

●

to be technically feasible. Priorities of the PROMIS Laboratory for the con-
development of PROMIS include:

implementing the system throughout a hospital;

continued development, validation, and maintenance of the medical content
display frame “library;” and

incorporation of medical audits to ensure quality of care.

Figure 10– PROM IS Display of Outstanding Laboratory Tests

SOURCE  PROMIS Laboratory
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IMPLICATIONS

Medical information systems have important implications for the quality of pa-
tient care. Institutional errors can be substantially reduced and coordination im-
proved. Clinicians can obtain guidance on appropriate diagnostic and therapeutic
regimens while patients are still under care. Physicians can be freed from the burden
of relying on fallible memory. Other medical professionals may perform new duties
or acquire added responsibilities because they have been relieved of routine paper-
work.

The extensive data base in medical information systems could supply aggregate
health data collection systems with more accurate, easily accessible data than are
now available. In addition, medical information systems could provide a new mech-
anism for assessing the quality of medical services provided, evaluating and planning

medical care resources, and conducting epidemiological research.

Because medical information systems are designed for different kinds of set-
tings and vary in scope and objectives, not all implications apply to all systems. Ex-
amples from the systems described in chapter 3 are given when possible to illustrate
benefits and drawbacks and to differentiate between the proven performance of
medical information systems and benefits that might be expected if the computer
systems are developed further and become widely accepted.

I N S T I T U T I O N A L  D E L I V E R Y  O F  P A T I E N T  C A R E

Evidence indicates that by facilitating communication and reducing errors, medical information
systems improve the patient care delivered in medical care institutions. Some errors are reduced because
computer systems help ensure that data about a patient are accurate, available, legible, complete, timely,
and organized. Through their mechanisms to check whether orders have been carried out, medical in-
formation systems also monitor performance and prevent some errors of omission.

Avoiding Errors

Accuracy of patient data can be ensured by having the provider or ancillary

service originating them verify all entries. Errors can thus be detected and corrected
immediately at the source. Detecting an error later is more difficult because the rele-
vant data are not readily available.

In TMIS and PROMIS, patient care providers and technicians enter data
through videoscreen terminals and thus communicate directly with the computer
system. After being typed in or selected by light-pen or touch, data are displayed on
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the videoscreen a second time for verification before being entered into the compu-
ter record. After the implementation of TMIS at El Camino Hospital, accuracy of
medical orders and test results improved (7).

In the COSTAR system, clerks in the medical record department enter data into
the computer from preceded sheets called encounter forms. An inhouse study at the
Harvard Community Health Plan estimated the rate of transcription errors to be
very low, less than 1 percent of the data items (5).

Availability of information can be ensured by giving many providers simulta-
neous access to the patient record from different locations. A manual medical record
can be in only one place at one time. The three medical information systems des-
cribed in this report make patient data available on videoscreen terminals located in
various patient care areas. Printer terminals also produce and duplicate paper rec-
ords.

Lost or mislaid records are a problem in ambulatory care settings. Records are
estimated to be unavailable for as many as 10 to 20 percent of patient visits in some
ambulatory care facilities (5). COSTAR eliminates this problem by providing a sum-
mary record in advance of each scheduled patient visit. Videoscreen terminals can
give information to providers when they see patients with unscheduled visits, an-
swer telephone inquiries, or need to review a complete patient record. In some areas
of HCHP, however, a single terminal serves three physicians, three nurses and a re-
ceptionist, sometimes resulting in a queuing problem. At El Camino Hospital, one
video terminal and sometimes two are located at every nursing station. Hospital
staff did not indicate any problem regarding access to the terminals.

Legibility is an obvious advantage of medical information systems over manual
medical records. Typed copy available on terminal screens or in computer printouts
is easier to read than the typical handwritten note. Illegible handwritten entries in
the paper medical record can cause delay or, if read inaccurately, may lead to inap-
propriate action.

Completeness of information can be ensured by entering all data that may be
needed into a central computer patient file. In COSTAR and PROMIS, all data that
are generated during the care of a patient are entered into the computer record. In
addition, PROMIS automatically reminds providers to enter information essential to
diagnosing a problem or carrying out orders. Questions and choices for answers are
displayed in a sequence determined by answers to previous questions.

Computerized information about the patient is more limited in TMIS than in
COSTAR and PROMIS. TMIS does, however, computerize all physician orders and
the resulting reports from ancillary services. The frames used to write orders re-
mind physicians to make their orders complete. After implementation of TMIS at El
Camino Hospital, the number of medication orders that omitted site, scheduling,
and method of administration decreased (7).

Timeliness of information can be ensured by entering patient data into the
computer record as soon as procedures are performed or observations made. As
hospitals have become more complex, the demands placed on ancillary services have
increased, and communicating all the latest information has grown more difficult.

TMIS and PROMIS automatically update the patient’s record so that it reflects
the most current status. Reports and results are entered directly into the computer
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system from ancillary services. With electronic transfer, orders and tests need not
be repeated because of poor communications. In addition, if the time between enter-
ing orders and learning results of tests and procedures is reduced, physicians can
proceed quickly with further appropriate diagnostic or therapeutic procedures. The
average length of stay at El Camino Hospital has been shorter since the introduction
of TMIS. Staff have attributed this reduction to improved communications made
possible by TMIS. Other factors, however, may also have contributed.

In COSTAR, new encounter data are usually entered into the system within 24
hours of a patient visit. Data are therefore available for the patient’s next visit to the
ambulatory care facility.

Organization of patient data enables providers to find necessary information
more easily. In a manual medical record, information is often scattered among many
pages of a chart that is usually arranged in chronological order and separated by
source. Computerization allows a flexible arrangement of data, permitting the most
effective use of patient data by the provider.

At El Camino Hospital, for example, a physician can retrieve the results of all
laboratory tests on the video terminal. Cumulative results of tests are also available
in paper printout. Because all information in PRO MIS is associated with a patient’s
particular problem, the physician can review progress notes, medications, laboratory
results, and vital signs over time to determine if therapy is effective. At HCHP, a
standard format used to provide a summary is routinely supplemented by flow
charts and extensive visit notes on major problems of patients.

Monitoring for Errors

By monitoring for institutional errors, medical information systems further en-
sure that orders for the patient’s care will be carried out. Noncompliance with physi-
cians’ orders is a severe problem in U.S. hospitals. An estimated 13 to 15 percent of
all medications are not administered exactly as the physician ordered (so). A study in
one hospital found that 15 percent of ordered laboratory tests were never per-
formed (45).

Each of the computer systems described in this report has mechanisms to moni-
tor whether orders for procedures or medications have been carried out. If they
have not, reminders are displayed or printed. Under TMIS, for example, lists of
“medications due” are printed out hourly, and nurses must record in the system
whether or not the medications are administered. After installation of the computer
system at the hospital, total errors in administering medications were reduced about
so percent from the pre-TMIS period (7). Failures to give medications were almost
completely eliminated. After TM IS, discrepancies between the orders for and actual
scheduling of laboratory and radiological procedures were also reduced. No evalua-
tions of other medical information systems have yet been conducted.

S U P P O R T  O F  C L I N I C A L  D E C I S I O N M A K I N G  A N D
P H Y S I C I A N  E D U C A T I O N

Medical information systems can offer support for clinical decision making, provide continuing
medical education, and facilitate the spread of new medical knowledge. Several studies indicate that er-
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rors of omission by physicians are reduced if timely reminders are provided by the computer systems,
This capability has been more fully developed in one system than in others.

Supporting Clinical Decisionmaking

As students, physicians must memorize enormous numbers of facts. Through-
out their careers, they are expected not only to remember this information, but also,
as medical knowledge increases and grows more complex to add new information.
The quality of clinical care often depends on the accuracy and completeness of the
physician’s memory.

Computer systems can assist physicians by reducing the amount of material to
be memorized. During clinical care, computer systems can instantaneously supply
physicians with information about individual patients and medical knowledge from
the literature.

The role of medical information systems in supporting clinical decisionmaking
and continuing medical education may be either passive or interventionist. In a passive
system, information stored in the computer is made available to physicians when
they take the initiative to ask for it. Interventionist systems automatically supply
appropriate information to physicians and other medical professionals.

The “mini-library” of frames displaying medical information incorporated into
TMIS at El Camino Hospital exemplifies a medical information system taking a pas-
sive role in continuing education. Medical information frames in TMIS are inde-
pendent of data entry and retrieval frames. They may be reviewed whenever, but
only when, the physician chooses to do so.

Computer systems have been developed to support some kinds of clinical deci-
sions. Such subsystems could be integrated into medical information systems like
TMIS. For example, a system developed at Beth Israel Hospital in Boston can classify
a patient’s acid-base abnormality and through a series of questions to the physician,
recommend appropriate therapy. Another computer project called HELP (Health
Evaluation through Logical Processing) has been developed by the Biophysics De-
partment at the University of Utah (43). HELP stores data about patients from
terminals in such areas as the coronary care unit, the postoperative intensive care
unit, and the pulmonary function laboratory as well as data from a computerized pa-
tient history and laboratory screening. Using these data and algorithms based on
arithmetic and logic statements, HELP can automatically generate a list of options
for treating an individual patient, Other projects include computerized protocols for
managing on an outpatient basis certain diseases, such as hypertension, diabetes, and
kidney stones (49). These systems to support clinical decisionmaking use a compu-
ter’s capacity for complex analysis and manipulation of data, but they are nonethe-
less passive systems because the physician must elect to review the medical informa-
tion they have stored.

Interventionist systems, in contrast, are programed to provide medical data
automatically when they are needed for patient care. Such systems monitor the ac-
ceptability of care while the patient is being treated. They are based on an assump-
tion that physicians are not likely to stop and ask a computer for information, but
would use information automatically supplied.

This capacity exists to some extent in all three of the computer systems de-
scribed in this report.
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. In TMIS, computer printouts highlight abnormal laboratory test results in
heavier ink and large characters.

. In COSTAR, computer programs for selected diseases or clinical symptoms
identify followup care that has been omitted. These programs automatically
notify physicians of the recommended procedure for their patients.

. In PROMIS, medical content frames are combined with data entry frames.
Drug sequences provide information on specific drugs. Test or procedures
frames include such information as cost, limits of normal, and producibility.
“Rule-out” frames show why and how certain diagnoses can be ruled out as
causes. Decision trees, which physicians are required to use, incorporate the
entire spectrum of medical knowledge.

This capability of the computer systems to supply appropriate medical informa-
tion frees the physician from reliance on memory and allows concentration on tasks
that are uniquely human. Although the computer may be better suited to processing
the multitudinous data necessary for diagnosis and treatment, the physician is re-
sponsible ultimately for decisions on patients’ care.

Interventionist systems might be expected to improve the quality of patient care
by reminding physicians of relevant data and facts. Results of the experimental pro-
gram at the’ Harvard Community Health Plan are encouraging (6). After implemen-
tation of the program providing automatic feedback, there was a statistically signifi-
cant improvement in followup treatment of patients with sore throats. Improve-
ment in the followup care of hypertensive patients occurred when repeated re-
minders were sent.

Several other studies conducted at Indiana University by the Regenstrief Insti-
tute indicate that use of computer protocols in ambulatory care reduces errors of
omission by physicians. One study, conducted in an adult diabetes clinic, evaluated
the effect of computer intervention to several medication-related clinical events
(31). It found that physicians responded to 36 percent of the clinical events with
computer reminders and only 11 percent without. A second, more extensive study,
using 390 computer protocols dealing with conditions managed by drugs or induced
by drugs, was conducted in a general-medicine clinic of the same outpatient depart-
ment (30). This study analyzed physicians’ responses to computer recommendations
for courses of action following certain clinical events. It found that those physicians
given computer recommendations detected and responded to twice as many events
as the control group of physicians. Further, physicians’ response rate fell when they
left the group receiving computer recommendations and joined the control group.
The study thus concluded that the difference in response rate was due not to ignor-
ance of appropriate procedure, but rather to the difficulty of contending with the in-
formational loads of busy practice settings.

These studies give a preliminary indication that computer protocols for the
clinical management of certain problems influence physicians’ behavior. Further
evaluations are needed to confirm these results.

If the role of computer systems in clinical decisionmaking increases in the fu-
ture, medical education will change. Without the need to accumulate facts, students’
education could emphasize the study of the processes involved in decision making, as
well as the social and psychological aspects of medical care (48). Such an educational
experience would prepare students to take a new role as clinicians.
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Dissemination of New Medical Knowledge

Scientific journals report research on new therapies, procedures, and drugs. In-
corporate ion of this “new” medical knowledge into the everyday practice of medicine
depends in part upon physicians’ reading journals and remembering results of stud-
ies at appropriate moments of medical intervention. As a result, medical practice does
not always reflect current medical knowledge.

Medical information systems can disseminate new medical knowledge by incor-
porating the most recent medical information into computer programs. The burden
of reading myriad journals shifts from busy practitioners to those responsible for
maintaining and updating a medical information system’s “library” of medical
knowledge. In PROMIS, for example, new medical knowledge is added to the system
as studies appear in the literature and is presented to physicians in the context of re-
lated problems, procedures, or drugs. The information is carefully researched before
its entry into the system, and references to the source journal are given on the dis-
play frame.

The entry of new medical information that has not been carefully evaluated is a
problem that may arise in the future. At present, developers of systems determine
what information is entered in the prototype systems. As medical information sys-
tems are “packaged” for mass marketing, such control will be more difficult. If in
every hospital, for example, unproven or experimental therapies were entered as
options for medical care, regardless of their efficacy, the credibility of the medical in-
formation system would be considerably downgraded.

A system such as PROMIS, which attempts to incorporate the whole spectrum
of medical knowledge into its guidance system, particularly runs this risk. To guard
against it, the PROMIS Laboratory has suggested the establishment of “a central or-
ganization with the mandate to coordinate, control, and certify developmental and
deployed systems” (54). The central organization, or “national repository of display
frames,” would be charged with developing, validating, and maintaining a library for
medical content display frames. It would also offer technical assistance and supply
updated display frames to user medical care institutions. One example of a public or-
ganization that might perform this function is the National Library of Medicine,

A S S E S S M E N T  O F  T H E  Q U A L I T Y  A N D  U T I L I Z A T I O N
O F  M E D I C A L  C A R E

Medical information systems can be programed to help assess the quality of medical care in terms
of the care process. Appropriateness of inpatient facility use can also be monitored. These legally man-
da fed /uric/ions could be accomplished without the expense of an additional data collection system. No
medical information system, however, is programed as yet for these purposes.

Quality of care is usually assessed by judging the process of care, or those diag-
nostic and therapeutic services ordered for a particular problem, against an agreed
upon minimum standard for acceptable care. Hospital peer review committees have
carried out this retrospective monitoring of care for years.

The 1972 Amendments to the Social Security Act mandated that Professional
Standards Review Organizations (PSROs) be established nationwide to review the
quality and utilization of medical services provided to Medicare, Medicaid, and Ma-
ternal and Child Health patients. The PSROs are required to conduct studies of



processes of care. In such a study, called a medical care evaluation, a diagnosis or
procedure is chosen for study, a sample of patients selected, and the patients’ records
examined to determine if the care as recorded meets minimum standards established
by the PSRO. Determining an appropriate patient sample and carefully examining
records in a manual system can be time consuming and costly. A medical informa-
tion system with patients’ diagnoses and procedures accurately recorded and coded
could facilitate such retrospective review. Data in a computer record are likely to be
more complete and accurate than those in a manual record. Further, a medical infor-
mation system could select samples of patient records for audit and, if properly pro-
gramed, examine the records for compliance with standards.

No medical information system is presently used for medical care evaluations in
a PSRO program, but the computer systems described in this report have the poten-
tial to fulfill this function. At HCHP, data are collected on structured, preceded
forms. Because almost all data in the computer record are coded, COSTAR can be
programed to monitor the record against predetermined standards of care or to re-
trieve records for manual audit by a given parameter. At El Camino Hospital, the
major discharge diagnoses and procedures are coded in TMIS. Computer programs
permitting medical audit are in the planning stages. Audit by problem, patient, or
physician could be programed in PROMIS because all activities are linked to specific
problems. In addition, the logic of the patient care process, that is, the reason for a
certain procedure and the relationship of that particular step to preceding and fol-
lowing steps, is explicit in PROMIS. Medical auditors would not need to guess about
the reasons for actions.

Professional Standards Review Organizations also monitor the utilization of
medical care services. If medical information systems were programed to monitor
the “appropriateness” of care in accordance with the requirements of the local
PSRO, physicians could automatically be notified of any failure to meet criteria that
justify keeping the patient in the hospital another day. Because medical information
systems can process and return data as soon as they are entered, such notification
could be given in a more timely fashion than is possible with a manual system. Hav-
ing medical information systems screen for appropriate utilization could therefore
be more effective than manual systems and could be accomplished without the cost
of an additional system to collect and process data.

M A L P R A C T I C E  L I T I G A T I O N

Whether medical information systems would increase or decrease malpractice litigation is debat-
able. Computerized medical records document the conduct of medical therapy. They could eliminate
some causes of litigation by reducing errors in patient care. Errors that do occur could be highlighted
however, and lawsuits increased.

A patient’s record is often the most important piece of evidence in any medical
professional liability suit (25). As a deviation from accepted standards for properly
documenting and maintaining records of treatment, a poor record itself constitutes
an act of negligence in the eyes of the court (29).

Computerization of the medical record ensures a legible, orderly, and readily
available record and could, therefore, document proper and careful conduct of medi-
cal therapy. Because medical information systems tend to reduce errors in patient
care, litigation may decrease. Errors caused, for example, by poor communications,
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overlooked positive laboratory results, and improper administration of medications
are substantially reduced through use of computer systems. Systems that incorpo-
rate medical care audit programs or guidance systems during the care process could
also eliminate some causes for litigation. Adherence to the established guidelines
provided in the systems might be an effective defense for physicians and a possible
deterrent to the filing of suits.

On the other hand, errors that do occur could be highlighted in the computer
record, and the number of malpractice lawsuits increased (34). In addition, legal
problems may arise because the computerized patient record differs from that in the
average medical practice. Until computer records are accepted as consistent with
standards for documentation, they might not constitute legal evidence in mal-
practice cases. Finally, critics argue that the art of medicine cannot be confined to
standardized therapies incorporated as guidelines into a medical information system.
A physician who deviates from such guidelines might be in jeopardy of a lawsuit and
forced to justify the actions taken.

No data are available from institutions that use medical information systems on
rates of malpractice suits before and after implementation of their computer sys-
tems. Contentions that the systems would increase or decrease litigation are, there-
fore, speculative.

R O L E S  O F  M E D I C A L  C A R E  P R O F E S S I O N A L S

Medical information systems allow an upgrading of job responsibilities by permitting medical
care professionals to make full use of skills. However, there is insufficient evidence to conclude that per-
sonnel actually perform new duties or that their productivity increases in activities related to patient
care.

Medical information systems reduce or eliminate paperwork at the same time
that they make available information needed for optimal job performance. Pharma-
cists, for example, can review medication orders for potential drug interactions if
they are freed from typing medication labels, have computer-produced medication
schedules and worksheets, and can obtain patients’ medication profiles. Nurses have
the opportunity to spend more time caring for patients if they no longer must spend
hours performing clerical tasks. The head nurse who has more time for administra-
tive duties and can analyze computer-produced statistics on patient workload has
the opportunity to plan for the most effective use of floor nurses.

In the ambulatory care area, medical information systems allow allied health
personnel to expand upon the kinds of patient care services they provide. For exam-
ple, in some experimental programs nurse practitioners and physician assistants
provide primary care to patients by referring to computer protocols organized ac-
cording to specific problems. Studies have indicated that physician assistants using
protocols that explicitly define medical treatments provide care equivalent in quality
to that of physicians in the traditional system (21,28).

A study at El Camino Hospital provides the only available data on how medical
information systems affect the allocation of health professionals’ time (7). An activi-
ty analysis of nursing time before and after implementation of TMIS found that:

Ž Time and effort allocated to clerical activities decreased across all units, from
4 percent in the coronary care unit to 47 percent in surgical units;
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● The availability of information made reporting easier and less time consum-
ing across all units;

. Time spent in direct patient care activities increased on some services (medi-
cal and intensive care) and decreased on others (surgical, orthopedic, pediat-
ric, and coronary care).

The data show, as expected, a reduction of clerical activities. They are, however,
inconsistent regarding the productivity of nursing staff in activities related to pa-
tient care. * Nurses on surgical units, for example, experienced the greatest reduc-
tion in clerical time, but they also spent less time in direct care of patients, The activ-
ity analysis at El Camino Hospital resulted in the reallocation and, in many cases,
reduction of nursing staff. However, further evaluations of changes in staff produc-
tivity seem warranted.

H E A L T H  D A T A  S Y S T E M S

Medical information systems could supply health data systems with accurate, easily accessible
data. If standard classifications and codes were used and if all data sent to health data systems were al-
read y in computerized form, these organizations would be likely to realize substantial cost savings.
Many health data systems aggregate data on national or regional levels and could thus take advan-
tage only of widespread medical information systems.

Health data systems are collections of data organized for a variety of purposes,
including reimbursement of health services, utilization review, and quality of care
assurance, as well as planning, monitoring, and evaluating medical care services.
Many health data systems obtain needed data from the hospital medical record. Af-
ter a patient is discharged from an inpatient facility, data are abstracted from the
medical record and placed on multiple forms for different purposes. The same or
similar abstracted data may be used for reports to a Professional Standards Review
Organization (PSRO), third-party payer claims, internal medical care audits, and in-
stitutional management reports. In an ambulatory care setting, data abstracted from
the patient record may likewise be duplicated, although fewer health data systems
collect ambulatory data.

The current method of abstracting data involves problems of quality as well as
duplication. Error is possible each time data are transcribed to a different summary

form. In addition, errors in coding can take place during the abstracting process. Pa-
tients’ diagnoses and other data entered by medical providers into the medical record
in words are placed by trained clerks into codes based on the international classifica-
tion of diseases. This process involves interpretation of established rules as well as
skill and care on the part of the clerk.

Medical information systems could provide health data systems with more ac-
curate data in a more accessible form than is presently available. Once data are com-
puterized, they are permanently available. Unnecessary duplication of data collec-
tion, with its attendant cost and error, could be avoided.

● In addition to the implementation of TMIS, changes in staffing patterns and other variables may
have contributed to the redistribution of nursing activities.
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Medical information systems could, for example, supply patient discharge
summaries to hospital discharge abstracting services like the Professional Activity
Study (PAS) or for quality assurance programs like Professional Standards Review
Organizations (PSROs). If data are automatically coded as they are entered into the
system by medical care personnel, computer-produced abstracts would reduce both
transcription and coding errors. In addition, medical information systems could
efficiently provide necessary information for payment programs such as Medicare
and Medicaid. With a computer system, these payment programs would be billed
only for services actually rendered.

The usefulness of medical information systems for health data systems largely
depends upon the extent to which patient data are entered into the computer record
and the extent to which the computerized data are structured or coded. A system
such as TMIS does not computerize large parts of the patient record, and some of
the computerized data (for example, dictated radiology reports) are not structured.
This kind of system is less useful for health data systems than a computer system
like COSTAR, in which almost all patient data are entered and coded in the compu-
ter record. In PROMIS, all data are entered, structured, and linked to a specific prob-
lem of the patient. PROMIS can thus easily retrieve all data. Health data systems,
however, usually aggregate by codes based on diagnosis and procedure rather than
by “problem.” Some information in the PROMIS data base may not be directly
transferable to aggregate data systems. However, the edition of the international
classification of diseases now being developed (lCDA-9CM) includes classifications
for problems, and health data systems will be using the new classification scheme
in the near future.

Computer produced abstracts can be sent to health data systems on paper forms
or on computer tape. Health data systems would likely realize substantial cost sav-
ings if the data they receive were already in computerized form. However, these
potential cost savings would occur only if medical information systems were widely
used, standardized, and coordinated with health data systems. For example, only one
of 2,000 hospitals that belong to PAS puts its discharge information on computer
tape. To enter this information into its computer, PAS must process the data just as
if they had been received on the manual forms.

Computer systems that capture some basic patient information for use in inter-
nal utilization review are commercially available, but no medical information system
is coordinated with a health data system at this time.

P L A N N I N G  A N D  R E S E A R C H

Medical information systems could provide planners and medical researchers with data that are
not available from existing health data systems. The computer systems store a data base that permits de-
tailed analysis. If medical information systems with compatible data bases using standard definitions
were widely adopted, they could be used to plan medical services, to evaluate the cost and efficacy of med-
ical care, and to conduct clinical and epidemiological research.

The expense of obtaining data on patients limits the information available in
most health data systems. The specificity necessary for some kinds of research may
be lost when discrete events or diagnoses are grouped into classification codes. Elec-
tronic data banks generated by medical information systems such as PROMIS and
COSTAR could make large amounts of disaggregated data available to authorized
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planners and researchers. Because the data are structured, patient-oriented, and
accessible, they can be manipulated in an enormous number of ways.

Resource Allocation

Existing data are often inadequate to allow policy makers and planners to reach
informed decisions about resource allocation. For example, little data exist about the
the efficacy of medical treatments or the frequency and costs of complaints or prob-
lems that bring people to doctors. Medical information systems have the capacity to
identify costs of medical services as they are provided and to relate these costs to
patients’ diagnoses and problems. In PROMIS, for instance, a charge is associated
with every discrete unit of service, and the costs and effectiveness of medical treat-
ment can be evaluated. Using medical information systems, costs for the treatment
of a particular problem could be compared in various geographic regions, different
kinds of medical care settings, or types of medical providers. Comparing one method
of treatment with other modes can aid in determining efficacy. The availability of
such data would support decisions about the allocation of facilities, manpower, and
other medical care resources.

Institutional Planning

Presently, managers of medical care institutions use statistics based on events
or activities, such as number of days in intensive care or number of electrocardio-
grams provided, rather than measures of productivity, efficiency, and effec-
tiveness. Medical information systems can help to optimize the allocation of staff
by supplying data on the amount of time spent by staff members on different kinds
of services (41). Medical information systems can help administrators predict needs
for new personnel, facilities, and supplies by providing data about the demographic
and geographic distributions of individual patients being served, the kinds of prob-
lems they present, and the types of services utilized, with measures of changes in
these distributions over time. Such information can now be obtained only through
special studies at considerable expense.

Research

Both epidemiological and clinical research could benefit from computerized
medical records that include patients’ demographic characteristics and diagnostic
information. Epidemiological research studies the frequency, distribution, popula-
tion selectivity, and determinants of all cases of a particular disease or condition in a
defined population. Clinical research experimentally tests hypotheses about diag-
nosis or treatment in groups of patients.

For studies in which similar groups of patients must be matched, for example,
the computer could identify control groups with appropriate characteristics. Auto-
matic search of the extensive electronic data base would simplify retrieval of out-
come data or any other variables, and the computer could test for statisticall y

significant correlations. Followup on patients participating in prospective studies
would be expedited by continually updated information on addresses maintained in
the medical information systems.

Major disease patterns in this country have shifted from infectious toward
chronic conditions. Because chronic diseases have such long duration, gathering
valid data about the histories of patients with such diseases has been virtually im-
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possible. Computer-stored data banks offer the best prospect for learning their
natural histories. The use of a computerized data bank for such research has been
demonstrated in an experimental program at Stanford University (18). A computer
stores data on all visits of patients being treated for arthritis or related chronic dis-
eases. With this extensive data base, researchers have conducted statistical analyses,
developed experienced-based data for clinical teaching, and advised clinicians on the
management of individual patients. Eventually, new interventions could be tested
against accumulated clinical experience to determine the most efficacious modes of
treatment.

The usefulness of medical information systems for research, however, is subject
to several constraints. In most epidemiological studies, valid statistical inferences
can be drawn only if the population base (denominator figure) is known. Thus medi-
cal information systems that maintain data about all people in a given locality are
most valuable for epidemiological research. Some studies also require data compar-
able over long periods of time, that is, trend data. Because only a few medical infor-
mation systems are now operating, a historical data base will not be attained for
many years. Moreover, the utility of medical information systems will be deter-
mined in part by the ability of clinicians to anticipate the “right” information for to-
morrow’s research. On the one hand, it is possible that computerizing all recorded
information may not be valuable and economical. On the other, even systems like
PROMIS, in which all recorded information is stored in the computer, may fail to
include data crucial for future research.

CONFIDENTIALITY OF PATIENT RECORDS

The confidentiality of sensitize medical data could be violated if computer files were infiltrated.
Today computer records are more secure than manual records. However, medical information systems

are not widespread, and a potential problem does exist.

Medical information systems make large quantities of personal medical infor-
mation immediately accessible. The possibility of misusing computerized data has
prompted concern (33). Medical data, especially psychological and social data, can be
damaging to an individual when available outside the clinical context. Computer files
could be infiltrated and lists of people with certain medical and social characteristics
compiled. Such possible abuse presents complex legal problems seldom encountered
with manual records. Unauthorized access to an individual’s manual record is
possible, but sorting records according to diagnostic, social, and other criteria is dif-
ficult.

Considerable effort has gone into creating procedures to safeguard the confi-
dentiality of computerized medical records without denying easy access to author-
ized users. At present, each organization using a computer system has had to devel-
op its own security precautions. These safeguards on computerized records include
such measures as having key-lock terminals, plastic identification cards, passwords,
or other identification codes (38). Codes identify users and permit them access to
only those parts of the medical record necessary for carrying out their duties.
Entries are similarly circumscribed.

No matter how sophisticated or complicated, mechanical security measures can-
not ensure the complete confidentiality of medical records. At best, unauthorized
access to computer files can be made time consuming and costly. At the same time,



elaborate security systems may hinder authorized users from obtaining needed in-
formation and substantially raise the initial cost of the computer system.

A prime factor in securing the confidentiality of medical records may be ad-
herence to professional codes of ethics by all those who work directly with patient
records, automated or manual (11). Medical professionals are bound by their ethical
codes not to disclose patient information. In some States, breaches of confidentiality
constitute grounds for revocation of license. Similar ethical codes could be extended
to nonmedical professionals, especially data processing personnel, who have access
to computerized patient files (51).

Confidentiality can also be violated after the routine release of patient data to
organizations outside the medical care institution. The Privacy Protection Study
Commission, established by the Privacy Act of 1974, considered possible problems
associated with the release of data about individuals. Its report recognized legitimate
use of these data for research, auditing, and evaluation, but recommended disclosing
only data necessary for a specific purpose and limiting subsequent uses and dis-
closures (42).

Limited access to the medical record might be more feasible in a medical infor-
mation system than in a manual system. For example, identification of patients
could automatically be stripped before pertinent data are released. Computerized
records, however, facilitate the availability of detailed data to third parties and thus
could increase the potential for misuse.

In order to control use of information within an organization and release of
identified data to third parties, a report sponsored by the National Bureau of Stand-
ards suggests that precise standards be promulgated before computer systems
proliferate (56). The report found that “computerized health records are more
securely kept and processed today than manual records” and that “instances of leak-
age or misuse almost always take place in manual files” (56). Medical information
systems are not widespread, however, and the report concludes that the main prob-
lem is one of potential harm.
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Many potential benefits of medical information systems depend on their wide-
spread use. Several factors, such as acceptability, technical transferability, and cost,
can inhibit or encourage their adoption. Acceptability to medical care providers is
crucial. Early systems failed in large measure because medical care providers found

, them hard to use. In order to be feasible economically, medical information systems
must be adaptable to the unique needs of different institutions. Developers are
modifying systems to make them applicable to many sites, but even so, medical in-
formation systems are an expensive technology. A number of institutions, however,
have reported overall cost savings. New developments in computer hardware and
software are likely to reduce further the costs of medical information systems.
Other factors, such as economic incentives and constraints, are difficult to predict,
but will also be important.

ACCEPTABILITY TO MEDICAL CARE PROVIDERS

Experience wilh the three computer systems discussed in this report indicates that familiarity with
a system encourages medical personnel to accept it. Providers who regularly use a system support it
more strongly than those who are only occasional users.

Medical information systems require providers to change their patterns of be-
havior. They must, for example, learn an entirely new set of procedures for keeping
records. Breaking with established, habitual routine is difficult and sometimes frus-
trating. Providers were alienated at first. Developers point out, however, that most
medical information systems are carefully structured so as not to disrupt traditional
patterns of clinical thinking and patient management. At HCHP, each specialty
group decided the format and content of its department’s encounter form. At El Ca-
mino Hospital, physicians worked closely with Technicon’s programmers in designing
both content and organization of display frames.

The developers of PROMIS, in contrast, have not structured the system ac-
cording to the preferences of the medical professionals who use it. Rather than
adjusting their system to practitioners, the developers of PROMIS insist that per-
sonnel adjust themselves to it. PROMIS requires users to follow its decision logic
and accept its guidance. It breaks sharply with traditional practice, in which each
physician adheres only to his own rules and standards. In PROMIS practitioners are
required, for example, to give a reason for any action. Because PROMIS tries to en-
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sure complete and logical care, recordkeeping is structured more rigidly than in
other computer systems. However, in it, like the other two systems, physicians can
add information.

Attitudes of providers toward use varies. At El Camino Hospital, a substantial
majority of the medical staff support TMIS (7). It is used by 78 percent of the physi-
cians at the hospital. Rate of use, however, varies from one service to another.
Eighty-eight percent of all surgeons and internists, but only 32 percent of staff
psychiatrists, use TMIS. Physicians on the attending staff generally accepted
TMIS, and their attitude toward it has grown increasingly positive over time. Physi-
cians are particularly positive about the system’s capabilities for research and educa-
tion. Nurses at the hospital also express a high degree of satisfaction with the
system. Their evaluations of TMIS are, in fact, usually more favorable than those of
physicians.

A survey at the Harvard Community Health Plan found that 87 percent of
providers, including both physicians and nurses, prefer COSTAR to a manual sys-
tem (5). Ninety percent of the providers believe that records are more readily avail-
able in COSTAR than in a manual system. Eighty percent believe that the auto-
mated system is less time-consuming than a manual one.

PROMIS received a mixed reception on the single ward at the University of
Vermont Hospital in which it was implemented from 1971 to 1975. In a 1975 vote on
the gynecology service, all of the nurses and a majority of the house officers, who
were primary users of the system, voted to keep it. However, attending physicians
voted eight to six to discontinue its use.

Acceptability to providers was a major problem in early systems. For example,
early systems often malfunctioned, and physicians were frequently called upon to
help adjust display frames. Resistance on the part of physicians to new innovations
tended to inhibit the use of computer technology for clinical applications. However,
many physicians now graduating from medical schools have been exposed to com-
puter technology. As clinical applications of computers become more available, these
physicians can be expected to use them.

Developers stress that the issue most important for acceptance is whether the
medical information system makes patient care easier to provide. Physicians and
nurses will, in other words, use a medical information system if they believe the
system will aid them in providing care. Conversely, the provider who sees no bene-
fits for personal job performance in the system will not use it regardless of induce-
ments.

Developers of systems also report that the transition to a computer system is
facilitated when (5, 19):

• Providers have time to learn how to use the medical information system on
demonstration models before complete implementation takes place.

● Members of various provider groups are enlisted as spokesmen for the com-
puter system. Providers react more favorably to the advice and example of
their own colleagues than to that of technicians.

. No claims are set forth for the systems that cannot be fulfilled during imple-
mental ion.
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Undoubtedly, other factors also influence degree of acceptance, and more research
is needed.

TECHNICAL TRANSFERABILITY

Medical information systems will have a major impact on the provision of medical care only if
they can be successfully transferred to many medical care institutions. Prototype systems have been
proven technically feasible, but most have not yet been made adaptable to the various conditions of dif-
ferent institutions.

Institutions differ on such fundamental characteristics as size and complexity,
types of services provided, kinds of data collected, how data are used, and popula-
tions served. Institutions may perform similar procedures differently. Requirements
for reporting laboratory tests may vary by institution. Medical care providers may
use different formats and nomenclature for reporting the same therapy or proce-
dure and do not agree about the definitions of many medical terms (12). As a result
of these differences in institutions’ needs, medical information systems transferred
to new institutions have had to be modified during implementation.

Only if medical information systems are generalizable to various settings can
the benefits of a standardized data base be realized and systems be marketed econ-
omically (3). If each institution modifies nomenclature and codes for patient data to
accommodate individual needs, data cannot be used for planning and research. Mod-
ifying a medical information system for each institution is more costly than initially
designing a system that many institutions can use. One study, based on statistical
projections, concluded that if a system is to be used in 10 or more institutions, a
“flexible” system, although initially expensive, is less costly than repeatedly modify-
ing a more rigid prototype (57). Developers of COSTAR, TM IS, and PROMIS are
working to make these systems more easily adaptable to various kinds of institu-
tions.

The Laboratory of Computer Science at Massachusetts General Hospital and a
group at George Washington University have worked together to develop a model
ambulatory care system, based on COSTAR, that can be applied to many different
practices. The new system is modular; it allows the basic capabilities of medical rec-
ords, billing, registration, scheduling, and generating reports to be combined in vari-
ous ways for different ambulatory care sites with minimal programing. Each prac-
tice will choose which modules to include in its system. For example, a practice could
initially choose not to include the report scheduling module, but could add it to the
system later.

The medical records module is the key component of the system. Each practice
may design its own encounter forms, define much of the format, and choose the
coded options it wants to include. Any additional coding schemes chosen by the prac-
tice will be introduced into the uniform COSTAR coding scheme to provide a stand-
ardized medical data base. If special programs, for example, for audit and peer re-
view, were added to the system in the future, t h ey could be easily transferred
because all users will have the same file structure and programing language.

TMIS is already installed in six hospitals, including research and teaching insti-
tutions. In addition, activity is underway to make TMIS available to hospitals i n
modular form. The business office subsystem of TMIS can already be purchased
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separately. Although the basic system would still include computerized patient rec-
ords, such capabilities as reporting results from the laboratory and radiology depart-
ments and plans for nursing care, could be excluded. These functions would be avail-
able as options that could be added to the core system at any time elected by user
institutions.

The PROMIS Laboratory is redesigning hardware and software to make
PROMIS transferable to locations of various sizes and financial resources. The sys-
tem will be available in multiples of a small-scale unit called a “node. ” Each node
consists of a minicomputer that supports from two terminals to between 30 and 6 0
terminals. A group practice may require only one or two nodes. In a hospital, many
nodes can be joined to support hundreds of terminals. The PROMIS Laboratory has
also developed a high-level computer language, PROMIS Programing Language
(PPL), for any reprogramming that institutions might require and for keeping content
of the system current (47).

In all of these approaches, developers are working to develop a system with a
core that is applicable to many sites. Such a design would also allow purchasing insti-
tutions to make changes in display formats in order to meet special needs.

COST

Medical information systems are an expensive technology. However, a majority of institutions
using medical information systems have reported considerable cost savings, particularly in labor ex-
penses. Moreover, costs of computing hardware and thus the costs of medical information systems are
expected to decrease.

Medical Information Systems in Hospitals

Operating costs for a hospital-based medical information system range from $4
to $9 per patient day or from 4 percent to 7 percent of the total hospital operating
budget (2, 14). Technicon is marketing their system for $4 to $8 per patient day.
PROMIS is still being developed. However, the PROMIS Laboratory estimates its
costs will be in line with those of other medical information systems (35).

Cost depends upon the system, capabilities utilized, service arrangement with
the vendor, and size of the institution. A 200-bed hospital, for example, may have
expenses of $10 per patient day, while a 1,200-bed hospital, only $6 per patient day.
Factors unique to the institution, such as patient mix (more intense care generates
more activity to record and process), number of terminals desired, and degree of
customization, further determine operating costs.

Operating costs for a medical information system are included with other oper-
ating expenses of an institution for the purpose of third-party reimbursement. No
hospital reported any difficulty in obtaining third-party reimbursement for its medi-
cal information system (2).

Startup costs vary widely because many financial arrangements between hospi-
tals and vendors are possible (2). Hospitals can lease or lease-purchase equipment
and pay for an agreed upon list of services on a monthly basis. Computer hardware
can be installed onsite, or the hospital can share the services of a central computer
facility. Hardware and software can also be purchased under long-term financial
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arrangements. Either the institution or the vendor can employ technical support
staff for the computer. One large hospital (over 500 beds), which purchased hard-
ware and software, had initial costs of $2.5 million (2). Implementation costs in a
medium-sized hospital, including physical installation and site development, for the
Technicon system were reported to be about half-a-million dollars (24).

Installation of a medical information system may or may not be subject to Fed-
eral and State approval. Under Section 1122 of the 1972 Amendments to the Social
Security Act, capital expenditures over $100,000 must be reviewed and approved by
the Secretary of the Department of Health, Education, and Welfare. Thirty-five
States have passed certificate-of-need laws that regulate expenditures by medical
care facilities for new construction, equipment, and services. These laws require
State review and approval for large capital expenditures, but the size of expenditure
needing review varies from State to State.

In 1976, only three medical information systems had been reviewed by compre-
hensive health planning agencies, the precursors to health systems agencies (2). Not
all systems require capital expenditures large enough for review, and relatively few
medical information systems have been installed in hospitals. Two of these reviews
were conducted under the authority of Section 1122, and one, in New Jersey, under
certificate-of-need authority. The applications of all three hospitals were approved.

Savings in the costs of handling information is the primary justification for
medical information systems. Baseline data on the costs of handling information in
hospitals are sparse. Findings from two studies estimate that hospitals spend from
24 percent to 39 percent of their total operating budget on information processing
(26, 44). About one-half of this cost is attributable to payroll expenses for personnel.
Hospitals presently spend, on average, from 2 to 3 percent of their total operating
budget for electronic data processing for accounting and management purposes (14).

Medical information systems cost about double the current average expenditure
for the financial and management computer applications that they replace. Hospitals
attribute savings in other areas to medical information systems: the elimination of
printed forms, reductions in clerical, admissions, and nursing staff, and reduction in
“lost charges”* (2). Because medical information systems could make possible im-
proved cost accounting, reductions in length of patient stay, and increased producti-
vity of medical care professionals, other savings may accrue.

Only one study has been reported that compares costs of an operating medical
information system with costs that would have occurred if the hospital had used a
manual medical record system during the same period (19). El Camino Hospital
conducted this study. Under the terms of its initial contract, cost savings determined
the hospital’s payments to Technicon.

A large base of management data enabled El Camino Hospital to identify
changes in costs, particularly costs of labor, throughout all departments of the hos-

pital. Cost savings in labor were evaluated by three methods. First, potential savings
in manpower time were measured by comparing time required for clerical tasks in a
manual system and in TMIS. Next, actual nursing hours per patient day after im-
plementation of TMIS were compared to nursing hours expected for the same time

● Because supplies and services are entered from areas of patient care into the medical information
system at the time they are offered or provided and transferred electronically to the business office,
chargeable items are not lost.
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period with a manual system. Finally, trend analysis was used to compare El Cami-
no’s costs for nursing labor to those of other area hospitals providing similar serv-
ices.

El Camino Hospital concluded that substantial cost savings in labor were real-
ized from TMIS. Estimated savings attributed to the computer system ranged from
$72,000 to $189,000 per month, and fixed operational cost of the system, as negoti-
ated with the vendor, was $89,800 per month. Original projections anticipated that
cost savings would not be shown before 4 years of operation, but were in fact dem-
onstrated within 18 months of operation. Net benefits, after paying for the costs of
the system, were estimated to range between $30,000 and $50,000 per month or be-
tween $3 and $5 per patient day. Labor savings, particularly in nursing, accounted
for about 95 percent of the TMIS total cost savings. Certain revenue benefits, sav-
ings in materials, and avoidance of minor costs made up the other 5 percent.

As part of an evaluation contract with the National Center for Health Services
Research, the Battelle Laboratory is conducting an independent evaluation of the
economic impact of TMIS on El Camino Hospital. No data are presently available to
verify the results of the El Camino Hospital Study.

Medical Information Systems for Ambulatory Care

A survey in 1974 of 18 ambulatory care sites operating medical information sys-
tems reported that costs ranged from $1 to $50 per patient year and from $0.50 to
$14 per patient visit (23). If continuing development costs and depreciation on
equipment are calculated with operating costs, total expenses range from $1 to $101
per patient year and $0.50 to $22 per patient visit. The total costs for operating
COSTAR at HCHP, as reported in the survey, were $15 per patient year and $3 per
patient visit.

In ambulatory care facilities as well as hospitals, installation costs for medical
information systems depend on the kind of services to be acquired. Because most
of the systems surveyed in 1974 were prototypes, costs of installation could not be
separated from costs of development.

Twelve of the 18 surveyed sites credited their medical information systems with
containing or reducing costs. Ten facilities cited savings in expenses for medical per-
sonnel. Eight sites estimated savings from more efficient financial and administra-
tive management. However, the authors of the survey concluded that, while aggre-
gate facility costs were reduced, there was no indication that medical information
systems would have a direct effect on the cost of individual medical services. Fur-
ther, no true cost savings in the ambulatory care facilities as a result of better utili-
zation of personnel were identified.

Only one study in the literature reports costs of handling information in ambu-
latory care settings (40). The National Center for Health Services Research under
contract to Bolt, Beranek, and Newman calculated costs according to time expended
by personnel in data handling. The study suggested that a medical information sys-
tem would lead to substantial savings if it stored all medical records and information
for billing and also made data instantly available in many places. This study, which
analyzed the clinic operated by an 11 physician group practice in Nashua, N. H., con-
cluded that a minimum of $87,000 and a maximum of $142,000 in data processing
and personnel salaries could be offset by an automated ambulatory medical record
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system. The study suggested that such a medium-sized group practice could sup-
port a capital investment for physical equipment in the range of $275,000 to
$ 4 6 0 , 0 0 0 .

Few medical information systems are located in such practices. Most operate in
health maintenance organizations, outpatient departments of hospitals, large group
practices, and federally subsidized clinics. The operating expenses of these large
organizations for medical information systems are not representative of the costs
that a smaller group practice might experience. The research group that has modi-
fied COSTAR estimates that the capital costs of their system will be about $85,000
at current prices for group practices of five to eight practitioners and about
$125,000 to $200,000 for larger multispecialty group practices (6). Average month-
ly costs are projected within the range of current expenditures by group practices
for billing activities alone, from $1,200 per month for small groups to $4,000 p e r
month for larger group practices. If these cost projections hold up in the market-
place, such an automated record system would result in substantial cost savings by
virtue of offsetting costs for information processing as reported in the Bolt, Beran-
ek, and Newman study.

Cost Effectiveness

Although considerable cost savings due to medical information systems have
been demonstrated at some institutions, no rigorous analysis of cost effectiveness
has been conducted to date. A given technology is considered cost effective if it
yields the desired outcome at the lowest cost unit (27). Analysis of cost effectiveness
assumes that the desired outcome is known and can be measured. If a new technolo-
gy is replacing a system already in existence, for example, a clinical laboratory sys-
tem or a billing and accounting system, the desired outcome is well established. The
new technology is accepted as cost effective if its costs are equal to or less than those
of the system already installed.

Because medical information systems incorporate functions that did not exist in
the manual medical record system, their cost effectiveness is more difficult to deter-
mine. The objectives of the old and the new systems are different. The timeliness
of information transfer, the simultaneous availability of information at multiple lo-
cations, and the formation of an electronic medical data base are among benefits that
were not possible with a manual system. Because medical information systems com-
puterize necessary data, administrative costs of other organizations, such as ab-
stracting services, PSROs, Medicare, and Medicaid may also be lowered. These pos-
sible savings are not typically considered when evaluating the potential of this tech-
nology.

Medical information systems have multiple objectives, then, and many of the
new benefits cannot at present be directly measured. Current expenses for medical
information systems may not represent true costs because most systems are still in a
developmental stage. Developmental costs always are greater than subsequent rou-
tine operational costs (10). Also, methods for evaluating cost effectiveness have not
been well developed. The National Center for Health Services Research, for exam-
ple, has a contract with the University of Vermont to compare the effectiveness of
PROMIS to a manual problem-oriented medical record used in the same clinical
setting. The study group found that in order to conduct a valid comparison, the data
entered in the manual records would have to be run through a computer.
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In summary, although cost effectiveness has not been demonstrated, several
studies have found that the introduction of medical information systems leads to
considerable savings in labor expenses. In the past, wages of personnel have con-
tinually risen while the cost of computing hardware has decreased. Cost savings for
institutions from the use of medical information systems can thus be expected to
grow.

GENERAL FACTORS

Rate of use of medical information systems will depend on multiple factors applicable to any new
technology. New developments in computing hardware and software, Federal policies, and economic
incentives and constraints could facilitate or impede adoption. The effect of these factors on medical in-
formation systems is not now predicable.

Moving from development to availability of a new technology is a gradual proc-
ess that proceeds through five phases: research, development, demonstration, in-
dustrial development, and finally, marketing (53). The general acceptance and use of
a new technology usually lags considerably behind its availability. Estimates for the
average time lag are from 10 to 15 years, but wide variation occurs (53). For exam-
ple, the stethoscope was developed 113 years before its general use; defibrillators, 25
years; and electrocardiogram analysis by computer, 10 years (17).

The three medical information systems described in this report are at different
stages in the transfer process. TMIS is being marketed and has already been in-
stalled in six hospitals. The research group developing an exportable COSTAR sys-
tem estimates that several prototype systems will be operating by the end of 1977
(55). Staff at the PROMIS Laboratory estimate another 2 to 5 years of developmen-
tal activity before PROMIS will be available for marketing (35).

Medical information systems, in general, are still in the early stage of acceptance
as an innovation in medical care. Factors applicable to any new technology may facil-
itate or impede the diffusion of medical information systems, but they have not yet
come into force. .

For a rapidly changing technology such as computers, advances in hardware
could considerably speed the acceptance of medical information systems (l). Recent-
ly, microprocessors with the power and capacity of large computers at a fraction of
the cost have become available. Further development could make low-cost comput-
ing feasible even for individual use. New memory technology has been developed
that could remove all limitations on the volume of data stored. Small battery oper-
ated clipboard terminals, which are currently being designed, could allow providers
to enter or obtain data from virtually any location.

On the other hand, institutions may defer investing in a system until the tech-
nology is more stable. Existing medical information systems are not expected to be-
come obsolete in the near future, however, provided that current maintenance and
development efforts continue (2).

Federal policy and economic factors will also impinge on the adoption of medical
information systems. Managers of medical care institutions will consider general
economic constraints and incentives in determining their need for a computer sys-
tem. Government could encourage or discourage use through reimbursement poli-
cies and Federal and State regulations concerning capital expenditures. Direct Gov-
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ernment intervention, as well, can be an effective tool influencing the diffusion pro-
cess (36). Finally, market forces such as competition, profitability, and consumer
demand will be important determinants of the time lag between the introduction
and final adoption of a new technology (46).
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POLICY ISSUES AND ALTERNATIVES

A broad range of impacts accompanies the introduction of medical information
systems into medical care institutions. Improved quality, coordination, and timeli-
ness of data about patients have been documented. Some institutions have experi-
enced cost savings, particularly in labor expenses. Other anticipated benefits, as well
as possible disadvantages, of medical information systems have not yet been care-
fully studied. Two reasons are primarily responsible for this lack of evaluation. First,
those medical information systems in use are, for the most part, prototypes. Second,
those applications of medical information systems that may have the broadest im-
pact on the medical care system are least developed. For example, few systems in-
corporate applications that support clinical decisionmaking and are capable of in-
fluencing the quality of medical care. None have been used to produce data on the
cost and efficacy of medical care.

Careful consideration of Federal policy on medical information systems is none-
theless worthwhile at this stage of their development. The Federal Government
supports basic research on such systems, but has few policy mechanisms to promote
or guide the demonstration and diffusion of the technology. The issue of when and
how the Federal Government should become involved in the development and use of
medical information systems is important for several reasons.

●

●

●

●

Existing systems vary in scope, cost, and impact on the medical care system.
Consensus has not been reached about the defining characteristics of a
medical information system.

It is unlikely that a strong constituency will form in medical care institutions
either supporting or opposing medical information systems. Unlike new di-
agnostic or therapeutic technologies that impact on special groups, medical
information systems improve the use of medical services and affect all pro-
viders and patients in a medical care institution.

Medical information systems are a costly technology. Initial costs for imple-
mentation may amount to millions of dollars; and operating expenses in a
medium-sized hospital may exceed a million dollars annually.

Medical information systems are currently installed in few institutions. Re-
cent advances in computer technology, which will lower costs, could lead to
rapid acquisition of a variety of systems. Unless the Federal Government
formulates a policy toward medical information systems now, development
and diffusion could proceed indiscriminately, making standardization impos-
sible.

.
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The range of policy alternatives that follows addresses how development of
medical information systems can be directed for maximum benefit to the medical
care system. The alternatives discussed are neither exhaustive nor mutually exclu-
sive.

DEVELOPMENT AND DISSEMINATION

Presently, development of medical information systems is conducted by many
investigators pursuing different approaches. The commercial computer industry is
conducting limited marketing of medical information systems and continuing some
research, Grants and contracts from the National Center for Health Services Re-
search support research for some projects. Other Federal agencies (Veterans Ad-
ministration, Indian Health Service of HEW, Department of Defense) are funding
projects for Government-supported medical care facilities. A number of medical care
facilities are using internal funding or funds from local government or foundations
to develop systems for inhouse needs.

Alternative 1: Continue current research and development policies and
allow dissemination of medical information systems to be determined by
the open marketplace.

The first alternative available to the Federal Government is to allow the evolu-
tion of systems without direct intervention. The Federal Government could con-
tinue current levels of funding for research without attempting to influence the
kinds of computer systems used in various medical care settings. This policy con-
tinues the pluralistic approach that now characterizes the delivery of medical care in
the United States. Further, one school of economic thought presumes that in the
open marketplace those computer systems benefiting the medical care institution
will be adopted, while those that do not will compete unsuccessfully.

Continuation of present policy, however, could have several disadvantages.
Because medical information systems support the organization of medical services,
administrators of medical care facilities have been their primary consumers. The
capabilities of medical information systems for improving institutional efficiency
and supporting administrative functions are thus most marketable, as well as best
developed, and systems limited to these functions could predominate.

A further risk is that industry will elect to market the technology without addi-
tional investments in research and development (R&D). Capabilities of medical in-
formation systems to improve and monitor the quality of medical care and to facili-
tate research and planning primarily benefit the patient and the medical care system
as a whole, rather than the institution. Without further development, these poten-
tial benefits to the medical care system may be lost, although taxpayers would con-
tinue to support a large portion of institutional costs for computer systems through
Medicare and Medicaid payments.

Continuation of present policy could also maintain a slow rate of dissemination
for medical information systems. Except for the few institutions with the technical
personnel, financial resources, and motivation to develop their own computer sys-
tems, medical care facilities would have the option of choosing only from among
those systems available commercially. Because industry must recover R&D costs
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through market prices, institutions without large capital resources (primarily
smaller facilities) might be unable to acquire a medical information system.

tion
If Federal action influencing development and eventual use of medical informa-
systems were considered desirable, several strategies could be pursued.

Alternative 2: Establish a central clearinghouse to coordinate develop-
 mental projects and provide information to the public about medical infor-

mation systems.

Conferences, or other forums, could ensure that technical innovations are
shared and ideas exchanged. Various medical information systems could be classi-
fied and ranked by their capabilities. Guidelines could be developed for use by hospi-
tals and other medical care facilities in selecting, implementing, and evaluating medi-
cal information systems.

Because diverse groups are developing medical information systems, represen-
tation by all sectors, including public, private nonprofit, and commercial, would be
appropriate at these forums. Although the coordinating group need not be a govern-
mental agency, several Federal agencies could perform this function. Since its estab-
lishment in 1969, the National Center for Health Services Research has had primary
responsibility for medical information systems technology. It has convened a confer-
ence for investigators working on automated ambulatory medical records. The
Bureau of Health Planning and Resource Development (BHPRD) provides technical
assistance to areawide health systems agencies (HSAs), which have regulatory
authority over capital investments by medical care facilities. BHPRD currently is
funding a study comparing automated hospital information systems that are avail-
able commercially. Other offices in the Department of Health, Education, and Wel-
fare might also perform the clearinghouse function. For example in the National In-
stitutes of Health, the Lister Hill National Center for Biomedical Communications
has a mandate to develop networks and information systems for improving health
education, medical research, and the delivery of medical services.

Having a central organization coordinate information about medical informa-
tion systems would demonstrate the Federal Government’s interest in these compu-
ter systems. By increasing public awareness, it might promote adoption of medical
information systems. If systems were carefully classified by capability and relative
value, administrators would be more able to act as prudent buyers. Furthermore, an
approach based on public information would not violate current policy of removing
the Federal Government from the direct dissemination of new technologies. This
approach, however, holds no incentives for developers to expand the capabilities of
systems or for medical care facilities to purchase such systems.

Alternative 3: Provide funding for evaluation of medical information
systems in a number of different medical care facilities and locations to de-
termine their effectiveness in terms of relative benefits and costs.

A number of questions regarding medical information systems remain unan-
swered. Because a medical information system in a medium-sized community hospi-
tal is the only one that has been evaluated in depth, * studies of costs and impacts in

● The Technicon Medical Information System at El Camino Hospital was evaluated in an in-house
study and by an independent contractor, the Battelle Laboratories.



————-

Ch. 6—Policy Issues and Alternatives ● 70

other kinds of medical care delivery settings are needed. For example, smaller insti-
tutions would not necessarily realize the same economies from medical information
systems as large facilities. Existing systems have differing capabilities, but it is not
known which systems would have the greatest impact in different kinds of settings.
The cost effectiveness of systems designed for use in small groups or even solo prac-
tices has not been carefully studied.

Priorities on the kinds of medical care facilities that might use medical informa-
tion systems have not been established. On one hand, priority might be given to
teaching hospitals so that detailed data about less common conditions can be made
available for research. If, on the other hand, priority went to small hospitals, com-
munity physicians could benefit from the capabilities of medical information sys-
tems for continuing education and quality assurance.

Funding the evaluation of a sufficient number of medical information systems
would provide the necessary information on which policy makers could base deci-
sions. In addition, placement of medical information systems in various kinds of
facilities and in different parts of the country would enhance their visibility. Having
a number of systems operational could itself spur further adoption.

The National Center for Health Services Research has authority to fund such
evaluation projects through grants and contracts to investigators in the field. Medi-
cal information systems in institutions operated by the Government could be funded
directly by the responsible Federal agencies. No new legislation would be required to
implement this approach, although additional funding may be needed.

Alternative 4: Ensure the availability of medical information systems
with specified capabilities and applications by contracting for their devel-
opment.

Additional development of medical information systems is necessary to achieve
the full range of anticipated benefits described in this report. To speed development
of systems with desired characteristics, the Federal Government could conduct a
targeted research and development program. Government could contract directly
for the development of medical information systems with specified capabilities and
applications.

Under this approach, Government would absorb the larger portion of R&D
costs, while private industry would be encouraged to invest its money in marketing
the systems and reducing their costs. Targeted development would eliminate dupli-
cation of efforts and would ensure the availability of broad-based systems with full
capabilities. Without more extensive information than is presently available, how-
ever, specifications for such development would be difficult to formulate. Support-
ing research by grant funds tends to encourage new ideas and approaches. Grants
may still be the most appropriate mechanism for developing medical information
systems.

Contracting with industry for the development of needed technologies is a com-
mon procedure for Federal agencies such as the Department of Defense and the
National Aeronautics and Space Administration. The National Center for Health
Services Research, however, does not currently have the authority to contract for
the development of new medical technologies. Contracts can be used only to obtain
specifications for the operation of an existing technology. Enabling legislation lim-
ited NCHSR to support of research, evaluation, and demonstration projects. Modifi-



cation of NCHSR Legislation would therefore be required to implement this alterna-
tive. *

Alternative 5: Provide incentives for medical care facilities to adopt med-
ical information systems that improve the quality of patient care and
support research and planning.

Even after medical information systems with full capabilities have been devel-
oped and tested in the field, several factors could discourage their purchase. Medical
information systems must compete with other technologies for the financial re-
sources of medical care facilities. They compete directly with computer systems
designed solely for administrative and billing purposes. The functions of these sub-
systems would be subsumed by medical information systems, but management and
financial systems are well established, have proven capabilities, and can usually be
purchased at lower cost than medical information systems.

Current payment methods encourage the adoption of technologies that produce
revenues for the institution. Thus, facilities might invest in new diagnostic and ther-
apeutic technologies instead of medical information systems. Hospitals can itemize
patients’ bills for tests and procedures, but not for the services of medical informa-
tion systems, which are included as a part of a daily inpatient rate. Furthermore, the
practice of public programs paying on the basis of “reasonable costs” does not create
a strong incentive for institutions to adopt cost-saving technologies, although medi-
cal information systems can reduce some institutional expenses.

The Federal Government could promote the dissemination of medical informa-
tion systems through appropriate incentives and sanctions for medical care institu-
tions. Two possible mechanisms could be employed: regulatory authority over capi-
tal expenditures and direct subsidy.

Under section 1122 authority of the 1972 Amendments of the Social Security
Act and, in many States, under certificate-of-need legislative authority, local health
systems agencies (HSAs) review and either approve or deny hospital applications for
capital expenditures over $100,000. Under Federal guidelines, these HSAs could
deny applications for computer systems that do not meet specified capabilities. The
Bureau of Health Planning and Resource Development (BHPRD), which supplies
HSAs with technical advice, could issue guidelines to define acceptable computer
applications.

The Federal Government could also directly subsidize the purchase of medical
information systems. Grants, loans, loan guarantees, or interest subsidies could be
given to institutions purchasing approved computer systems. Such financial assist-
ance could be a strong incentive for implementation of computer systems by medi-
cal care facilities otherwise lacking sufficient capital.

Existing legislative authority allows NCHSR to make grants available to non-
profit institutions for the demonstration of medical care technologies. Health sys-
tems agencies could also give grants from their area health services development
funds. State health planning and development agencies could make loans, loan guar-
antees, and interest subsidies available from health resources development funds.
This latter alternative would require amending legislation by Congress. Health re-
sources development funds are now restricted to modernization projects of facilities
and exclude the purchase of new equipment such as medical information systems.



Ch. 6—Policy Issues and Alternatives . 72

CONTROL AND STANDARDIZATION

Beyond the development and dissemination of medical information systems,
initiatives by the Federal Government could ensure uniform impact of the computer
systems. Controls on medical knowledge incorporated into medical information sys-
tems would maintain the quality and credibility of the computer systems. Standard-
ized patient data bases would permit PSROs, planners, and researchers to use medi-
cal information systems. Issuance of standards could protect the confidentiality of
computerized patient records. In each case, the professional groups affected should
be consulted. The following alternatives address these issues of standardization.

Alternative 6: Charge a central organization with authority for develop-
ing, validating, and maintaining the content of medical knowledge within
medical information systems.

Without controls on the entry of medical knowledge into medical information
systems, therapies, drugs, or tests of unproven efficacy could be incorporated as
guidelines for physicians in computer programs. A central organization could con-
trol and accredit the content and distribution of medical knowledge frames, All
systems would thus contain carefully researched medical information of uniform
quality. Having a central organization distribute medical content frames would also
ensure the dissemination of new medical knowledge as it becomes available.

The National Library of Medicine in the National Institutes of Health has recog-
nized expertise in the area of medical information. It, or a newly established organi-
zation, could be funded and staffed to perform this function.

Alternative 7: Develop standardized medical data bases, including no-
menclature, terms, definitions, classifications, and codes, for use in medical
information systems.

A standardized data base would permit the coordination of medical informa-
tion systems with health data systems. If standardized, data from different medical
care settings and geographic areas would be comparable and could be used for re-
search and planning. More uniform specifications of data base content would expe-
dite the transfer of the technology by enabling the production of multiple copies of
systems and fewer “custom-built” applications, Similar research and development in
the standardization of programing languages also would be required so that soft-
ware could readily be exchanged among systems.

The National Center for Health Statistics (NCHS) is the Federal agency charged
with providing general-purpose health statistics on the Nation’s population. Many
activities of NCHS bear upon comparability and definitions of medical data. The U.S.
National Committee on Vital and Health Statistics is an independent panel of ex-
perts who serve in an advisory capacity to the Secretary of DHEW. The National
Committee has recommended minimum uniform data sets for different medical care
settings and is now conducting a review of the classification of diseases. These
groups, or others, could direct development of standardized medical data bases.

Alternative 8: Establish guidelines for precise standards to protect confi-
dentiality of patient data within an institution and release of identified
data to third parties.



Unauthorized access to patient data within an institution is a potential danger of
medical information systems. Standardized security precautions and careful deline-
ation of staff responsibilities would minimize this risk. Computerized patient files
also make detailed data available to outside organizations. Laws and policies that
define limits on data sharing could be developed as well as mechanisms to police
these boundaries. The National Bureau of Standards in the Department of Com-
merce, which has recently supported a detailed study on computers and health rec-
ords, is one agency that could develop standards and recommendations to protect
the confidentiality of patient data.
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