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3.

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 EI 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.

TECHNICON MEDICAL INFORMATION SYSTEM (TMIS)

El Camino Hospital in Mountain View, Calif.,, was the demonstration site for
the Technicon system. ElI 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 EI 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 EI 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 EI 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 EI 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.

COMPUTER STORED AMBULATORY RECORD (COSTAR) SYSTEM

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
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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
guality 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.

PROBLEM-ORIENTED MEDICAL INFORMATION SYSTEM
(PROMIS)

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
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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
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Figure 8- PROM S Display Frames for Entering Data About a Patient Problem
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Figure 9—-PROMIS Narrative on a Patient Problem
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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-
qguired. 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 to be technically feasible. Priorities of the PROMIS Laboratory for the con-
tinued 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

126 1818-a S L

N L A4S 111-689-4 ILab test
T Carreat Otstandins Lab Tests--— s x- -O0rd- -Lasm::d-
13, -dhear! failute: chronic class Tonsel in 1972,
-Serum disexin teday [ 11 5/18;
[8. Hypokalesic alkalosis: onsel in B4/77; vrediseosed Lo by 4. —)c,,,‘wt reed
-Urine seecific sravily daily [5d]; 5/18; 5/18 18:4¢
19. fscites, onsel aperoximately in 1976; due Lo 4. -dcirthosis, po.
-Serum transaminases GPT every 4 days. [5d1; 5/87; 5/16 11:19
-Urine eccult bleod eack void (Sd); S/87; S/18 1B:46
-[Seot urine Ki Na) every 2 days. [S4]; 5/17;  not reted

-S540 12/68 batlery every 4 days) besin BS/22/77 (541, 5/18;  nol reled

-Se;un electrelytes (C1: €02 Ky Na) and BUN every 4 days, besin B5/22/7-
[

Sl 5/18;
-Serum electrolstes (C1; €02, K, Na) and BN today mot reed

[1); 5/18;
Het evers 4 days: besin 5 /22777 [5d1; 5/18; ::: ::ll:g

SOURCEPROMIS Laboratory



