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Forsword ikl
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This report documents ten years of medic& care coinputer
applications \regtarch by the National Center for Health

\`. Services Re4arch (NCHSR), much of which resulted
' in beneficial hinovations implemented into thf heillth

care system. Whktt also been achieved is a 'clearer
and more realistic vim.° the potential Of computers
to address problems in tl -health area. We. now know
that computers can be gainfully used and will be ac-
cepted in sonic of the more _obvious health applications
at the institutional level, stich as hospital information
systems and ambulatory medical record systems. Mat
His ahead is to exlend and expand this research experi-
ence in tvio directions. One direction is to explore the .
ways of aggregating the health service informatioh avail-

.

(-7

able from computers at the institutional level, and making
\ it available at the plapttialig lind resource allocation level.
The other directiorri's to utilize the'exknsive clinical data .

bases that arc becoming available as a result of com-
puterization to improve the medical care process. These
are challenging goals for NCHSR and ones that Irold the
promise of advantageo4y modifying the health system.

I
. r . .

Cerald R.osenthal, Ph.D:,
Di rector

June 1979
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Summary

Program accomprehmente

The efforts by the National Center for He lth Services
Research (NCHSR) in the application of computers in
health.care have resulted in a number .of noteworthy ac-
complishments. Among these accomplishments are the
demonstration and evaluation of a comprehensive hos-
pital information system, the development and dissemina-
tion of a new medical computer language, the ,design of
a commercially marketable automated_ambulatory medical
recOrd .system, the establishment of clinical databanks,
and the development ,attd release of a computei-assisted
ttlectrocardiogram analysis program.

A demonstration of the Tethnicon Corporation MIS-1
liospital information syNtem at El çamino Hospital,
Mountain -View, California, incrconcurrent evaluation
by Battelle Columbus Laboratories docutnented improved
hospital operation. Benefits were realized in the improved
quality of patient care and the increased productivity,
of the nursing ;tiff following the implementation of the
system.

The Massachusetts General Hospital Utility Multi
Programming System (MUMPS) is a, new computer
language developed to meet the special needs of medical
computing. MUMPS provides a .common language for:
developing and exchanging medical programs. It has been
.aecepted by the American Natiqnal Standards Institute;
has enthusiastic user groups in the United States, Europe,
Japan, and South America; and is widely marketed by.. a
nuMber of cotnputer companies.

The Computer Stored Attbulatory Medical Record
(COSTAR) system was developed initially for use by the
Harvard Community. Health Plan. The success in that
setting in terms of improved record keeping, more ra-
tional allocation of resources, and imnpved patient carel:
led to the developtnent of COSTAR V. This.new system
was designed to meet the needs of a variety, of?ambulatory
medical care settikgs from large health maintenancb or-
ganizations to small grbup practices.

Two clinical databanks were established and demon-
one at Duke .University for coronary artery, disease

at ,the other at Stanford Uniyersity for rheumatic dis-
eases. These databanks make available a greyated,jon4
gitudinal clinical ekperience that significantly imp
the ability of physicians .t9,,care for patients with thelig

411

chronic diseases: A further benefit of databana is that
they make available data that allow a dynamic assess-
ment of emerging -medical technologies.

The Electrocardiogram Analysis (ECA*) program was
developed and released for commercial use. This activity
resuhed not-lonly in improving the' quality of electro-
cardiogram analysis angl increasing the product;vily of
cardiologists, but also contained the cost of this widely
used medical service..

Current plogram

The current program of. NCHSR Its it applies to com-
puters in hellth care has two major but related thrusts.
The first is the development of In Inpatient Care Sup-
port System and the second, the development of an Out-
patient Care Support System. The inpatient activities
are the logical sequelae of the successful demonstration of
a ho. ital information system (HIS) at El Camino Hos-
pita! These inchide attempts to computerize nursing care
plans and the medical audit function. Information on
HIS characteristics will be developed that can serve hos-
pilal decision makers who are faced .with the task of
selecting and implementing such systems. The develop- .

ment, demonstration, andraluation of.the.highly sophis;
ticated Problem OrienteAMedical Information System
(PROMIS) is being carried out. PROMIS not.only func-
tions as a hospital information system but serves as a
source ot medical guidance and consultation to the physi-
cian as well: PROMIS facilitates access to)nedical knowl-
edge and supports the user in diagnosis and therapy

.ectionlse.

The outpatient program is closely related to the success-
ful development of the COSTAR V systet.n. COSTAR V
is perceived as a vehic)e that will provide entree to am-
bulatory care settings for' additional computer applica-
tion programs. Small automated laboratoq devices, inter-
active patient history progams, patient education, and
training (unctions currently are being considered in con-

' junction with COSTAR develomnent. A wide range of
I-

.0consultation and guidance programs are in varibus stages
'0:of readiness. They ultimately N.vill be tested in ambulatory

.P14 settings in the context of COSTAR V.
. IPt.
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A number of Information'Support Activities are identi-

fied. TIA most important of theie is-.the establishment
of databanks. Databanits in coronary artery disease and
rheumatic diseases currently are being expanded and ex-
tended in attempts to determine their utility and accept-
ability to physician users..Ultimately, other diseases will
be included in the databtlnk effort. Other information
Impribrt activities include develoPment and testing of

Si

4

various consultation programs and the development of
specialized hardware. Some typical computer-bawd conj
sukation programs help the physician.to select the correct
antibiotic, restore the patient's .electrolyte balance, and
interpret laboratory ivsults. A special hardware device
was designed to make possible fast, accurate, reproducible
measurement of X-ray angiogram imagts. ..
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Intioduction

Since its inception in 1968, the National Center. for
Health Services Research (NCHSR) has been concerned

with the development and application of computers in
health care settings. In the course of this extended and
continuous effort, !tome 150 grants and contracts were
supporbed, resulting in numerous research reports, fornial
evaluations, state-of-the-art studies, surveys of the field,
syntheses, user guidelines, and operational sygems. These

research projects reflect an attempt by the NCHSR to
match technological solutions- to the problems facing
the Nation in the health area.

It has been observed (Tierneyt 1978) that over the
past 20 'years the focus of Federarprograins has shifted
from access (Medicare, Medkaid, and training more

physicians) to quality (establishment Of Professional

Standards Review Organizations---PSRO's) and most
recently to cost (containment of inpatient,hospital costs).
It is not surprising then that similar shifts have occurred
within the NCHSR .research program. This report will
review the accomplishments of NCHSR in "The area of

computer technology and present the current status of
its program.

The application of compilters in the health care sys-

.tem usually takes two forms. One form is capital sub-
stitution, where machinery is used to do a job formerly

performed b'y people. This manpower-sparing application
proviaes 'a pntentially attractive economic' 'trade-off since
the cost of machinery usually declines with time whereas
personnel costs tend to increase. The other form is the
undertaking of tasits that previously were not feasible by
panual methods. With the increasing ppwer and sophis,
tication of computer machinery, more and more complex

and burdensome, tasks in health care are being addressed,

by computers. The underlying rationale for the NCHSR
program in computer technology is that the careful intro-
duction of technology will facilitate and/or make possible
the innovations in the health care system that'will assure
the system's ability tOs respond to the sleihands that are
likely to be placed on it in the future.

A principal goal of the NCHSR program is to improve
the delivery of health care both in inpatieht and out-
patient settings through the application of ,compUter.
teChnology and information science. The objectives of

the program are to develop.an Inpatient Care Support
System and an Outpatient are' Support System. These

.

. . ., ,
support systems are not to Iv tnought of at unitary hard- 1

ware/software systems that exist in one place at one time.
Rather, each is a conceptuarfrarnework for a related
network of pmgrams, projects, and ideas that may eventu-
ally converge into one of the projected support systems."
The basic functions of bpth such -systems are fo 'record
the component transactions .of the care process; to
cothmunicate and distribute orders for material, services,
and information; to 'provide information support for
both clinical and facility management decisions; to assure
that all specified se ices have been performed; to auto-
mate tasks that are e ther too repetitive or too intricate
ko be ;fficiently carried out manually; and to generate
and update various reports and files.

The, research has been directed toward serving the
needs of the health care administrator whose responsibil-
ity is facility management and the provider of care whose
responsibility is 'clinical management. In .the area of
facility management demonstration and evaluation efforts
have focused on computer applications that support ad-
mitting activities, business and financial functions, medi-
cal recordkeeping, cost and resource allocation, dynamic
staffing and scheduling, utiliiation review, medical audit,
quality assurance, and patterns of practice. In the area of
provider.support the focus has been on the provision of
diagnostic and prognostic aids, information to improve
the selection and individualization of therapy, interactive
treatment protocols for physicians assistants and nurse
practitioners, record systems that facilitate the continuity
of care and the assurance- of its quality, and compUter
consultations for a wide range of special problems.

Ah overview of the NCHSR technology program from
196ft to 1978 is depicted in Figure 1. 11-1 conceptual
starting points when the program was initia'ted in 1968
are shown on the left. The starting point Jar the Hos-
pital Information System effort wEA a study that defined
the information needs at a hospital nursing station and
the 'knowledge gained from prior unsuccessful attempts
to implement large systems. The need for a common,
easily programmable computer language became evident
when attempts were made to write complex programs
'that required repeated iterations and a high level of
interaction with a medical mkt'. It also was evident 'that
computers could aid physicians in their practice settin
allow them to share clinical experience in datahan



facilitate their access to medical knowledge with con-
sultation programs, and relieve them of certain repetitive
tasks through automation..Probldms of uneven distribu-
tion of medical manpower-led to an examination Of the
role that telecommunications might play in redressing this

Conceptual
starting points

Hospital
Information

System
Requirements

Medical
Computer
Language,

Pg;lcian
Aids

imbalance. -the research-'projects that eyohre frotp thaw
conceptual starting points are indicated in the center of
the figure. The ultimate objective 'of these activities is
shown on the right.

Overview of the NCHSR Program In Halth Car Technology-1960 to 10711

Clinical
Databanks

Clinical
Automation

Medical
Consultation

Tele- #

communications

NCHSR-supported
research projects

-PROMISDevelopment and Evaluation
MIS Development and Evaluation,
Drug-Drug Interaction Study

MUMPS

4,

MUMPS Develosiment
Commercial MUMPS
MUMPS Users Group
MUMPS Standard
MUMPS Applications

COSTARCOSTAR' V

Auto-mated Ambulatory Medical Record '
System Survey

Computer Aids in Physicians' Offices
Treatment Protocols
Physician Extender Protocols
On-Line Claims Billing

Lung Cancer .

Coronary Artery Disease
Rheumatic Diseases

1978

Prog.ram
objectives

Inpatient
care,

support
system

MUMPS
applications

Outpatient
care

support
system

Clinical Laboratory Reporting
Radiology ReportingMARS, CLIP
Patient MonitoringMEDLAB
ECG Analy'sis (ECAN) ECAN-E
"Certification

Users Group
Commercial Services

Electiolyte; Adidiese
CARE
HELP
MEDIPHOR
MYCIN
Septiq Shock

Chronic
disease

databank
network

Automated
systems for

clinical
medicine

2-Way Television
Slow-Scan Television
Narrow-Band Telecommunication
Voice Answer-Back

,Telehealth Handbook

Computer-based
medical

consultations

Teleconsultation
via

telemedicine



A.

Program accompilahmenti

The accolnplishments .of the 'program are presented in
the indented paragraphs below. These paragraphs are
variously quotes, excerpts, or summaries .from the final

reports of the individual projects. The intent is to provide
the salient findings of the research in the words that the
investigator used to portray them. At the outset, it should
be noted that a single project stands out as having been
seminal to much of the work in this field. That project
led?to the development of a special computer language,
MUMPS (Massachusetts (!1reneral Hospital Utility Multi
Programming System). Many of the"computer ptograms
described throughout this report were written in that
language.

MUMPS was specifically designed and developed

to address data management and inf9rmation proc-
essing problems in the delivery of health, care. It
facilitates the inanipulation of text so that any piece

of data may be inspected for format or for content
(such as particular key words) ; its hierarchial file
structure,is tailored for the medical record' with its
many different 'levels of importance and detail; and
it .is a high-level lalguage with its syntax and
semantics oriented towards the kind of problems

that it will be used to solve, rather than any particu-
lar. computer (Barnett, HS 00240)

The 1974-1976 irtteragency agreeMents between
the NCMR. and the National Bureau of Standards

to develop a. standard MUMPS Language culmi-
nated with the 1977 announcement by the American
National Standards Institute (ANSI) that the
MUMPS Language Standard had joined POR-
TRAN and COBOL as.the only computer languages
approved-by ANSI (O'Neil, IAA 730001).

During the 1974-1977 project period to demon-
strate the-velue of user groups in the dissemination
of medical information, the number of institutions
utilizing MUMPS .increased Over ten-fold, from
less than 50 to over 700, and spawned comparable

user .groups in Europt, Japan, .a.nd South Anierica
. (Zimmerman, HS 01540).

NCHSR has made importrt _contributions in. the
demonstation and evaluation of information systems

. as a tool to improve institutional management. The work
started with a study'of the information needs of a nursing

station which was followed by a survey of efforts in the
field.

The RiAtient will bet<efit from use of Medical In-.
formation Sysiems since the hospital facilities (beds,
drugs, and staff) will be more readily available,
routine .servite and emergency responses more timely
with reduced errors, and tranifer, of vital records
and third. party billings will be handled more
expeditiously (Kittle, HSM 110-68-47).

"During the period of this study (survey of the
state of the art of computer-kased automation tech-

_

niques applicable to hospitals) no single 'business

or clinical system was observed pit soPved all of
the data processing requirements of a community
hospital. There is obvious need for some central
agency to establish a system of evaluation and
standardization to brink a degree' of order out of
the present cliaos. Otherwise, the potential benefits
to the national health program through the use of

computer-based techniques will not merely be lost,-
but, unless controlled will be a major contributor
.fo the further spiraling of the cost of health care
(Petters, HS 00167).

This early work was followed by an extensive demon-
stration and independent evaluation of a comprehensive
hosPital information system (HIS) in a community hos-
pital setting. A study of amodular approach to imple-
Inenting an HIS also was undertaken.

4.

A modular 'approach to )mplementation of a
hospital information system-was offered to an as-
sociated group of hospitals. They were given the
opportunity to test various modulo; and link them
together. Certain modules such as admissions were,
successfully imellemented on a stand-alone basis.
Other modules required the synergistic linkage to
other modules to make them cost effective. Imple-
mentation of all modules oh a hospital-wide basis
did not prove feagible dut to the failure of the
administrator to get firm commitments from all
of the depArtment chiefs before the project was
initiated (Edwards, HSM 110-70-368).

The study results show the HIS has improved the
ability of the El Camino Hospital staff to deliver

ea
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patient care as meastired by more readily tvailable,
more complete, and inure accurate information used
for providing care and for monitoring patient prog-
letiti, The timeliness of the administration of tests
and pro("lures improved with the better ,c.onlnittni-
cation and coordination among nurses, doctors, and
supporting departments using the system (Barrett,
IISM 110:73-331).

A stirvey of 'automated medical record systems in
L-,-iunbulatory rare settings was completed and was followed

by a demonstrati6n of a 'Computer Stored Ambillatory
Record (COSTAR) system at the Harvardflommunity
Health Plan (HCIIP). This demonstration pointed out

4 the utility pf the system both in concurrent review and
retrospective analysis of practice problems.

An intensive 1974 effort to identify ambulltory
health care facilities that were in some stage of
develiplitent or use of an Automated Ambulatory
Medical Record Systam (AAMRS) located over
175 sites, Of the 175 sites, only 30 sites met .the
criteria that the content of the nucdical record shonld
be high. Of this latter group, only one site showed
actual cost savings that exceeded the cost of the
AAMRS (Henley, !IRA 106-74-118).

There are'two HCII I (X)STAR concurrent review
programs in routine ope ation. The first identifies pa-
tients with a positive du at culturg for Beta Hemolytic

. Streptococci for whom t te record fails to indicate ap-
propriate antibiotic therapy. If there is no record of
therapy four days after a4vositive culttge, the provider ist
notified automatically. During the 12-1nonth period prior
to using the program, about eight percent of the records
which had a positive culture did not contain a record et
antibiotic treatment. In the last seven months there were
only three ases in which their was no record of appro-
priate therapy by the tenth day after the positive culture
(Barnett, HS 00240).

410
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A similar program lobows oatients with newly (his:
covered hyperteaien. Provider-generated criteria specify
that within three months of an initial measurement ef
a diastolic blood pressure equal to or greater than 1010,
a patient must be re-evaluated. Ifithe pressure is still
elevated, the patient 'must j be -evaluated again...within
three months. If still elev ted, an appropriate set of

-. tests must be obtained to identify the cause of the hyper-
,

tension and extent of the disease process lime )rogram
is executed every two months to monitor conformity to
the standards for patients who had ah initial elevated
diastolic blood pressure identified six months prior to
that time. In Cases which fail to meet the standard, the.
provider is notified by a letter from the Quality Assur-
ance Committee and asked to cOmplete A .questionnaire
as to whether the standard is in error or does not apply
in this particular patieht situation, or expaining the cause
.of the deviation and what is being done 'to correct the
error (Barnett, HS 00240).

Using COSTAR, total population medical record

searches were.quickly made by the I larvard Community
I lealth Plan for the following (Barnett, 11S 6)240) :

1. A physician needing printouts of the medical rec-
ords for all patients with a particular diagnosis who were
concurrently on a particular medichw.

i 2. A listing of all women receiving a crrtain sequential
birth control pill, which FDA had removed from the
market, so that each could'be contacted regarding alter-
nate medications.

3. A nutritionist requesting a listing of all her patients
with recorded weight losses of over 10 pounds.

4. A listing of chilidren with inconiplete immuniza-
tion records. \

..

Some effort has been made by the NCI ISR to explore
the extent to which computers might fnnction to relieve
some of the burden in the labor-intensive settings of the
Corollary Cart: and- Intensive Care _Units. Research re-
sults suggested there did nin appear 'to be significani
improvements in many instances. Therefore, guidelines
were prepared to assist decision makers sin the selection
and expected benefit from this kind of in:ft.:Illation.

,...

The controlled stmiy in the critical care unit
..showed no significant difference 1 ntorbidity and
mortality bttween the experiment 1 grail) receiving
computer-aided therapy and the vontrol group as-
sisted vising ctmventimial technignes, although the
data show that the smoothness of blood pressure

/regulation and the pattern and amount of blood in-
fused was- improved. in the experimental group
( Morgan, I IS On72).

The "Guidelines for Commuter-Based Patient
Monitoring Systems" permit the holtsital adminis-
trator, physician, nurse, and board member to weigb

) the need against ccos in money, time, space, and
staff, permitting thent to determine if a system
is needed and, if so,which oni. (Wechsler, !ISM
110-70-406) .

One of the earliest attempts by the NCIISR to help
the provider pf health care cope with the increasing de-
nunlits for services was the development of an automated
system to acquire, interpret, and report electrocardio-
griming TE(c;.$).

In August of 197.2, when the 3-year NCUSR con-
tract to demonstrate a community-wide computer-
assisted ECG syslitin ended, tht over 20 participating
Denver area hospitals elected to.continue the pttoj-
ect on a fee-kw-service basis. In 85 percent Of the
Lases, 1)enver-area electrocanliOgrwhers agreed
with the computer -printout and made either- no
amendment or only minor amendments before cer-
tifying its validity (Elliott, IISM 110-69-414).

By 1977 over 2,000 hospitals and ;in equal num-
ber of clinics an.d physicians' offices hail adopted"
the (computer-assisted EK( ; ) technology, )rimarily
through telephonic linkages with national and re-
gional EC( service companies (Drazen, I IRA 230
75-212 ) .
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A similar effort to automate the flow of information

in thr radiology department resulted in two interesting
and useful systems.

The Missouri Automated Radiology System

(MARS) provided 'the initial demonstration that
all the functions of film library management, de- .

, partment recordkeeping, tadiology management,
and patient scheduling and billing could be com-
puter generated in an information management
system acceptable to both the patient and the. pro- )
vider (Lodwick, HS 00646). .

The CLIP (Coded Langilage Information ProC-
- essing) system of cOmputerized X-ray reporting wa's

developed to permit rapid retrieval of medical- in-
formation from the vast accumulation of radiologic
report files. Such files are now stored using a clasS'i-

fication code, representing about a 90 degree reduc-
tion in storage space, or the equivalent of storing
on a single disk tte annual output of a 500-bed
hospital doing 60,000 X-ray examinations per year
-(Simon, HS 01054, HS 02099.). -/

Other projects aimed at improving the operation of
the clinical laboratory inchlded efforts to automate the
white blood cell count, provide iscrete sample handling,
and speed the reporting of 1, sults.

q

Nationwide 'over 100 million differental white
blood cell counts are performed annually at la cost
in excess of 250 million dollars. -The Tufts-New
England Medical Center prototype automated cell
counter will handle lip to 80 pei-cent of the routine
test cells and flag the remainder for manual iden-

tification by the cytologist, offering potential cost
savings of up to 50 percent per automated cell classi-

-.
fication, improved quality control, and reduced
manpower require! nts (Neurath, HS 00696).

The 1974 Conn ticut Hos! ) *tal Association report
on hospitalocosts j r laborato work unit showed
the clinical laborato at the Yale-New Haven Hos-
pital,.despite its national rcognition:for high quality
control, the lowest in the. state at $.08 per Iinit
compared to. $.16 to.$.12 per unit for other hospi-
tals in the state (Seligson, HS 00075). .0

The Youngstown Hospital Clinical Laboratory
System, developed over a six-year period with

.CHSR research mbnies, now proVides routine
'Minical service to a consortium of three area hospi-

tals. It is accessible via an inexpensive ($50) adapter
to a standard -touch-tone telephone by all referring
physicians who receive thr lab results by computer-
generated 7 "voice answer-back." Anothei feature,
-"Auto Call," phones the physician at the instant the
lab results are available and by comput4-generated

"voice answer-back," urges that the results be used
as quickly as possible in the hope of shortening the
patient's stay (Rappaport, HS 00060). I

Some effort was made to introfluce automation into...,

the private practice setting,. Two projects, CAPO and

4.

On-Line Medicaid Claims Billing, addressed various
physician office activitiis.

. .

The assessment of the ntillty o'f Computer Aids
in the Physici.an's Office (CAPO), shows that the
Most cost-effective way of providing computer serv-
ices to medical office practices will be 'through small
stand-alone systems rather than through in-office
terminals- supported by a remote service bureau
(Castleman, I ISM 110-71-244).

Medicaid billings were entered on-line from the
physician's office using a standard Touth Tone tele-.
phone equipped with an inexpensive Card-Dialer.
The data were immediately checkyd by computer-
generated "voice answer-back" for patient eligi-
bility, appropriateness of the charge, and'confirma-
tion of the diagnosis and therapeutic procedures.
The total daily transactions for the almost 200 par-
ticipating physicians could be transmitted to the
carriers, appropriate state agencies, and eventually
the banks in machine-readable fogn, resulting in
improved cash flow for the-physician and reduced
costs of data preparation andaudit by all parties
Mesel, HSM 110-71-252).

Another major area of .activity of the NCHSR has been
to explore ways to facilitate the physicians' access 'to the
body of medical knowledge that is usually reserved for
specialists. This type of activity is exemplified' by a num-
ber of projects that in effect attempt,to provide .expert
consultations to the generalist. A program designed to
help physicians manage patients with electrolyte im-
balance was successfully developed and tested. This was
followed by development of an improved system for as-
sisting indwing.for patients with urinary -tract infections,
by MYCIN that assists' in antibiotic selections, by Moni-
toring' and Evaluation of Drug Interactions, by a Phar-

.

cy-Oriented Repating System (MEDIPHOR) that
-wa s of potential drug interactions, by CARE that
guid the 'provider in the management of certain criti-
cally 11 patients, and by HELP, (computer program to
help p ysicians) that addresses a much' wider range of
practice problems.

,. .,.

siii For each one million population, 200,000 sets
of electrolyte determina ns per year are performed
at -a cost of $2.5 million, e.g., in Boston $7.5 million
are ttansferred from p ati ts and ,third parties to
laboratories and hospitals as payment for these
dettrminations. In the non-univefsity-affiliated hos-
. .
pitals, approximately one-fourth of the measured
electrolyte values were markir abnormal. When
the charts of these patients were examined, half.
showed evidence of significant mismanagement ac-
cording to 'the conserVative criteria used (Bleich,
115 00188). -

Testing the (Electrolyte and ,acid-base evaluar
tion) computer program using board examination
nephrology questions in the American College of
Physician's'. Self-Assessment Examination, a previ-
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onsly untrained 'individual was alile to outperform
911 perceiat of physns who consider kidney and
electrolyte disorders to lie their area Of speci:il
interest .(,Bleich, 11S 00 IBM .

Urinary ir;%ici Infections-in women are a common,
important medical problem 1.m: NvIlidl pl'Ofekann:11
hdp is sometimes u'itavailabk* and always expensive;

- ..

these infectionif aro erratically treated and poorly
understood. An iii45C tive %computer can pro,..ide
the basis for helping he patient' from the lii'ne she!
presents witlk dysuria. dirough the generation of :i
prescription for therapy, to a sei ies. of follow-op
sessions that dieck the safety and effeciiveness of

,
' the treatment (Bleich, .1.1S 00I110.

The NIN'CIN (artificial intelligence 1-Program is.
,

6 Of interest to.cmnpute'r scientists because of its novel
orgmaiation of clinical, pharmacological, :11,0 micro-
biologiral knowledge, its meth-Ms for itcopiisition of
new inferencibules, its use of the khowsledge to give
advice, and its ability' to explain the reasons foi its

decisions (Cohen, I1S 41151,1).
.. .,.. , .l /Although no -eflei't oil, !engin of stay (ould be smm,

the NIE1)1P1 IOR yvaluatioo study )(lid detect somP
important ami statistically!'si. nifioiant changes don

problems e)cisting in the practice of medicine: Jack
of coordination _among those who Supply care k)
patients; excessive reliance on memory in the 'de-

.

nye!), of care; lack of reeprded reasons why ob-
servations were made or spetific actions taiten; and
lack of feedback loOps, which prevents the use of
palient information to) improve the.)care of an in-
dividual patient. Througlr its requirements for ext.-.
ph(' ess and its coupling capability,TROM IS not
only oints out' thoise areas i'vhich require coordina-./ ,
lion net wren health can° personnel, it also reveals
where.such teamwork is lacking. It collates and
Teo:0JAN all data acCording to tlio. relevant medical_
pro,blems so that each medical services provider is,
aware of the reason for the-service aful how it re-

, laies to the tocal niellical care (Weed, IIS 00175,
11R A 2.39-760049). ,

The restflts of this study- are most eonsfent with
the initial hypothesis: that the innonnt of data ppt-
sented. to) thesphysician per unit time 'is more than
he t.an, prheess without error; the eokiputer, aug-
ments the physician's capabilities and thereby re-

i'
_

, -. dikes ilk error rate (McDonalyd nRA 106-7418,' IIS 02.135). . ,
4

,
I

can be attributed to) the sqleni; the number of ,
.

i .

,.....i. , /*lig efMt:taiiy the!N(11.1S-R to vplore the. few,ibility-of
PlescriPti(nis rwr Pat irlit NV:15: rC011ee'd bY ..") Pr1"--,71,.;i' *; ...'.- .., . . k... . , ., i \ llskiN,04 4'. ha:14;(1 .CliniGAI Vxprrinnow jo issil,ipage -oft acent, the tate of interacting .presc-riptimis by -1..1 .

. .
. .',..,- -'.-- witlf-chrohii. illnes ;. re.sulted- iii the-estAtili4ithtir* ir-tivopercent, aml the peicentage of iiiitients- receivinr,. '-' .)-. -:.

. oldtailanksdne 'with 'extensive clinical CptiiiOki. plt:ii',.ntss. --more than One interacting pair of prescriptions . I.,,. ----.,..- A
with coronary ;r"rtery. disfase, and the otheititrt-irSI.iittitit_odropped from 3 percent to 2 percent (Cohen, 11S .

- , ,... with rh nom( di,seairsi,Both tif these ofroirts liak.4r--juil,..00739). .
portant ini ilicatiokY fen-improving clinitld inanagenoen,t1 Ising measined mid1 derived. paYameteisA,abont . ,

asnil redneing the ('Osn.; of be,oire.tiln indiviohial patient and the di\ease state, the ' .
.

.. .
,

CARE system developed ht the Buffalo' ( ieOral ,, '' "" What "is 'needed is a methodology which ' deals
I lospital supports the attenkiww, physicia?1 by lee( with .tite complexitS of dironie illness.' one which. f .mendnig the appropriate therapy for the critica Y ill ties the output of clinical resniircli to,the earn' of

v:.0 : 1: : , 1patient suffering from Inn ns, trauma, or eardio-
lir#4

insovunial patients and one which'iptovides the best. .,

vascular-resi iralory shock (*gel, 11S 01 Pr)) . way to Vnlidate clinical obse'votions'-..with more
clinical observations. Carefully 'collected data hi the

ration ..:base at Duke
additiono of niortz-.

Flie abilit
Latter-l)a

(lily to) genera
luav prove to
the system at

of the h I EI ininlenienNol at
, Saints (1.1)S) I lospital itt Salt Lake
e data for analysi*of medical practice
in its most 'aluable feature. Because

tom:olio:Idly reacts to each new .data
entry and examines ;it in the context. -of previous
data on this Aptient according to rules specified by
the medical logic stored in the fonii of decision
criteria, Ihe anfropriate redical knowledge can be
promptly brought to.hea,\\on each paiieni':., problem
(Warner, 115 01053).

A_ comprehensive attempt to guide the physician in
caring for his Ntient is embodied in the Problem Ori-
ented NIndical Information (PRONI1S1 System. This

4

system contains an extensive body of medical knowledge
that the provider can access in the comi1e of ordering
and recording caw transactions. Anotger. syste,in
protocoHtis-ed remainders prompts the prov.ider to carry
,out a previously established protocol.

ming

NOMIS was .(lesigiwd to solve four important

. .continuously growing Imo
University showed dial the
tients to the sidigroup previously reported as havini;
a higher survival if treated sivically (3ortoeoronary
bypass) failed tO confirm that observation (Rosati, P
I IR-A 230-76-0300).

Although various studio's previously halm! that
many heart attack patients can be discharged safely

_earlier than lois been the practice, the Diike Univer-
sity study is' the first to suggest that discharge can
safely be nia(Vas early as soven days after the heart
attack. Early discliarge (4 the heart4mttaek patient
could save the poen? br his health insurance plan
$1,500 hi. $2,000 and; if practiced widely, (-Judd
SaVn $360 million ofT the 10ion's animal 'retheal
bill ( Rosati. 1 I RA-230-76-0300) .

The American Rhenmatism Association Med iCal c 1,\\a .. .
Information System (ARAM1S) maintains, a gr%oup, .'
Qf nint:.patalleklatabanks accessible thr ugh--;;Nna-

tional Communicatiein network and cont. ns data on
.1
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over 6,000 patients, 30;000 patient visits, and JO
million,data .items covering 19,0* patient" years of
observation by 37 instittitions. The databanks were
developed for particular institutional strengths. Ex-
amples of these orientations are databanks for con-
.nective fissile disease,-epitlemiology, juvenile arthri-
tis, myositis, 'systemic lhpus erythematosis, communily
practice of rhewatology, adult arthritis, retonstruc-

., thie surgery,.sderoderma, SLE,*znyositis, and Ray-
s. nand's' phenomenon (Fries, HS 01875)

.cluster of exploratory projects examinnig the" utility
Of vaiiety of telecommunications techniques in rural*
and urban health care settings has been i6ndertaken

- -the NCHSJ1. The everience gathered from these activi-
ties was incorporated into a handbook.

,

NCHSR-stipported research in the use of telecom-
munications technology demonstrated that teleme,di-

- eine imprOves communication -betWeen ..health care
facilities and facilitates the transfei of patients
tween facilities having varying levels of medical
expertise...It also can bit equally effective in avoiding
unnecessary patient transfers (O'Neill, HRA 106-'
74-182)-.

The bi-directional cable. .TV system linked the
group practice, its satellite clinic, and the ,110-bed
Wacotlia (Minn.) hospital. The physician in the
'geographically isolated clinic was able to "visit'
with his hospitalized patients and "attend" emer-
gencies, without closihg.the clinic and depriving the
rural area with needed primary care services

(Wenvner, HSM 110-72-386).

Tlie Nebraska project nsed slow-scan television,
similar to that used to send pictures from the moon,

'To .

to transmit X-ray ima. ges ftpm rural hospitals to the
Nebraska Medioal Center. The availability of expert
radiolokic advice resulted in the immediate transfer

.. of some patients who suffered'from conditions more
Serious, than suggested by the admitting-tdiagnosis
to the University Hospitill- with its specialized faeili-
ties--(Wilson, HS 01210),

In the East Iiarle4 cable televtion project, ,a1-

most 80 percen of the neighborhood rlinic's tele-
vision consultations were . sufficiently complete to
avoid having to nod ttie children to the orthopedic
chnie,at the.Mt. SinaiQUiool of !Medicine (Mar-
sha1.1, HSM 110-72-382, in 01392). .

Clevelande7Case Western Reserve University
Hospital, ex t pediatric nsultations were _made
available, using t elevision, to a small inner-
city hospital. The expert was able to "visit," on a
daily basis, each infant in the newborn nursery and
in the pediatric intensive care unit and discuss its

progress orproblems with die nutsing staff. A second
link enabled the Universitytbased anesthesiOloggt to.
proyide back-up support to the nurse anesthetist at
another remote hospital (bravenstejn, .HSM 110-
72-383, HS 01390). -

The analytical toots that cal4arrow the range of
R&D projects and field trials ne&ied itre discussed

in "The Telehealth Handbook A Guide to Tele-
communications Technology for Rpral Health
Care." The Handbook provides infOrmation to po-
tential tigers of the technology interested in initiat-

ing a telehealth project; an. *cusses a range of
technologies from expensiv- teractive Video and
computer-supported systems to the inexpensive nar-
rowband systems using standard telephone equip-

ment (O'Neill, HRA 106-747182).

3

411

7

.0t

p.



8 Inpatient cars support systom

The cost of hospital care is increasing at a. faster rate.,
than any other sector of the national economy. This in-
crease was 100 percent in the short span froin 1970 to
1975 even though wage and price controls were in oper-

.. ation for the-hospital industry for approxiniately half of
this period. Since 1950 the cost of a hospital tied day has
risen more than 1;000 krcent (Feldstein, and Taylor,
1977), placing in jeopardy the national goal of providing
health care to all citizens and seriously burdening current
programs such as Medicaid and Medicare. The quality
of inpatient care is also an important concern. Rising
malpractice insurance rates are causing:providers to seek
new, w

rs
of assuring acceptable quality of care. Policy-

make eing growing evidence that prent trends are
causing over-utilization of smile resources and under-
utilization of others, are seeking imprdized methods for
perfbrink medical audit and utilization ieview.

The NCHSR 'Technology, Program has stipported, di-
rected, ahd coordinated researeh directed at applying
cornputer ,technplogy to improve the quality of inpatient
care while redUcing.or Cotttaining its cost, with special

/ .,emphasis on i applications 9o4erned with information
processing. Iche Areas of a,liospitaj mosT affected include
the nursin* areas (where Ore is delivered), ancillary
sUpport departments (e.gi. clinicpllab4ratory), manage-

.

ment, (including businesS citlice).,_4Mergency care, and
suealized appliCations such' aslintomated patient moni-

ng in intensive care units, Ali of these 'aklications
" involve info4atign ircessing.

The main-thrust of the Inpatient Program is to evalu-
ate and demonsteate neW' applications for existing tech-

\ neology. Only 9atively\rpinor system development efforts
are currentl being supported. M interest in these sys-
tems grows J _the hsapital community, NCHSR feels the

'responsibility!' to:Ipide the user community with re-
search data.hto inible them to develop effective guide-

lines and xeco4endations concerning the acquisition,
implementatiyn, and operation of this technol.

'Me principal cornponeno of the inpatient effort are
iospitaI inffrmation systems, clinical laboratory systems,

'radiolly;sistems, computer-assisted electrocardiography,
padent46nitoring, and emergency care,

Hospital information systems. It has been su:4;ested that
the primary reason for the rapid rise in the price of
hospital care is the willingness of p 'ents to pay for ex-
pensive care (and doctors to order it because insurance
now financei a much larger share of those payments
(Feldstein apd Tylor, 1977) . Whether high prices are
due to inappropriate use of medical resources, which is
encoursiged by present insurance pr!sctices, or are caused

'by legitimate increases in the costs of services is difficult
to determine and harder still to control. To meet this
challenge of spiraling prices, research efforts must be
dirbcted towards helping the hospital industry becont
more efficient, while maintaining or improving.the qual-
iv of the care it .delivers. A promising tool for achieving..

ibese edds appears to be the Hospital Information Sys-
tem (HIS) (Hodge, 1977). I

,It is estimated that information processing accounts for
as much as 23 to, 39 percent of the cost to care for in-
patients (Jydstrup and Gross, 1966; Richart, 1976). If
this cost can be redgled and at the same time the sched-
uling of personnel and services can be made more effi-
cient, considerable savings in the overall costs of hospital
care would be achieved. Hospital Information Systems
also support activities such as ti tilization review and
PSRO programs which are aimed t reducing inappro-
priate and unnecessary servicei (Jacobs, 1976; SchMitz,
1976), and provide improved patient cares processes
(speedier reporting of laboratory results and reduced
medication errors) and more easily retrievable medical
information '(surgieal abstracts of pertinent new pro-
cedures). The NCHSR used the results of early proilicts
which helped define the problems (Garrett, PHS 108-66-
299; Kittle, HSM 110-68-4Z) tvdevelop a demonstration
and evaluation plan which proceeded along two lines.
One approach was the demonstration and evaluation of
a°Comprehensive hospital information system designed to
link all nursing stations and service departments and to
replace substantial portions of the current manual system
of ordering, importing and recording. The other approach
was to demonstrate and evaluate modules (laboiatork,
pharmacy, etc.) op a serial basis with the intent of even-,
tually linking up all the modules at the nursing stations
to form a comprehensive hospital information system.

Although modular implementation initially seemed to
1 4



be a more desirable approach in terms of cost and ease
of implementation, the experience with two projects
(Gall, HSM 110-71-128; Edwards, HSM 110-70-360)
suggests that the comprehensive system implementation
may be the better approach. In 1971, NCIISR awarded
a contract to El Camino Hospital, Mountain View, Cali-
fornia to implement and demonstrate a comprehensive
HIS (Gall, fISM 110-71-128). A second contract ,,,as
awarded to Battelle' Columbus Labbratories to perform
an independent eV'aluation of the impact of the system
on the hospital. (Barrett, HSM 110-73-331). Based on
results of these proj;.cts, a number\ol-ciiii9lusions can be
drawn:

1, 11IS systems cmu be exported to different types of
hospitals (Ilodge, M.I.S., 1977)

Nurses and physicians will use a well-designed
system ( Barfett, HSM 110-73-331,. 1975 ) .

3. The hospital-community is Poorly informed about
this technology (DuBois, C.A.F.I.A.M.I.S., 1976).

4. A benefits realization program is necessary to reap
the cost benefits of HIS (Gall, et al., 1975)

5. I-HS provides a variety of benefits to the hospital,
medical staff, and the patienti, including increasing pro-

_ductivity and providing more readily available, more
complete, and more accurate information for inpatient
care (Barrett, 1975).

The Battelle report measuring the economic impact of
the HIS at El Camino Hospital will be available by
August, 1979.

Interest in and availability of commercial HIS's has
grown steadily and over ten vendors offer systems ranging
in complexity (and cost) from simple order entry, charge

capturing, one-way systems to comprehensive HIS
,(Teelmicon MIS) capable of storing and making re-
trievable major portions of the medical record and pro-
viding functional applications such as charting of medi-

cations, patient profiles, and" nurse care planning.

NCHSR has also supported the development of the Prob-

lem Oriented Medical 1Information System (PROMIS)
at the University of Vermont (Weed, HS 00175; HRA
230-76-0099) , a system which will have the message
switching capabilities of the most advanced HIS phis
several innovative features including total medical record

storage, a sophisticated medical care guidance system,
and an exceptional data base from which to perforth
utilization review and medical audit.

Hospital Information System implementatiOns will
-sharply increase during the next few years. If the largest
2,4300 hospitals in- the United States were to acquire
comprehensive HIS's it is estimated tbat a market in
excess of $2 billion would have beei;Icreated. Current
commercial investments in the development of HIS ap-
pear adequate; however, nOvermnimt support for the
development of new approaches to medical care (e.g.,
PROMIS) is needed and the NCHSR hopes to continue

to sipport such activities.

The amotint of objective information on HIS technol-

ogy and the benefits that can be derived is almost non-

existent and, with the exception of the El Camino Hos-
pital project, there have been no objecti.ye studies under-

.
taken to evaluate HIS in operational settings. ,Activities.
aimed at educating the user community (hospitals) have
been too general and not particularly objective (much
of the information has been provided by the vendbrs) ;
consequently, our future HIS aetiviq will focus on edu-
cating the user community and evaluating the technol-
ogy. A primary emphasis in .the education process will be
the proposed develoliment of a ms. handbook for use
by hospitals, a looseleaf document that can be period-
ically updated as- new information becomes available.'
Supplemented by periodic HIS workshops and symposia,
it.should fill the void of needed information. In the eve!,
nation area new studies of the *scopet time, and COlit of
the El Camino Hospital project probably will not be

lannOed. One new evaluation approach Tinder consider-
ation Would 'define potential benefits, including measur-
able cost savings based on existing and anticipated in-
formation processing requirements. Actual benefits could
be documented after a reason,eble time 'following system
imPlementation. Another approach wiadd employ tar-
geted. case studies of HIS implementations, emphasizing
the benefits realization process and the 'implementation
experience.

Clinical laboratory systems. The NCHSR contributions'
in the area of clinical laboratories have been in the
development of an automated white blood cell analyzer,
a discrete sample analyzer; a computerized voice answer-
back device for automatically reporting laboratory results,

and in the evaluation of some of these systems. In the
United States about 5 billion clinical laboratory tests
are made per year in the oyer 7,000 independent clinical
laboratories, 7,000 hospital laboratories, and the esti-
mated 88,060 physician office laboratories.

In the last 10-15 years, demands placed upori health
care facilities to provide accurate and rapici processing
of patient test specimens have exceeded the capacity of
manual methods. In the current state of the art, large
computer systems that automate the assay process are
interfaced directlYwith information systems that process
massive quantities of data and'reports, and keep accurate
records of medical, statistical, and financial information.
These systems effect systematic organization of laboratery
results into a readily accessible data bank for use in
patient care and 'research, eliminate clerical errors, make

results available more rapidly, and increase staff produc-
tivity. NCHSR supported the development of the Tufts-
New ,England Medical Center prototype, automated,
interactive computer system for differential white blood
cell counting (Neurath, HS 00696). At Yale University,

a discrete santple analysis system has been developed that
reduces the number of tests performed, improves quality
control, enhances communication of laboratory results

to the referring physician, and reduces laboratety costs
(Seligson, HS 00075).

1
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At the Nfassiachusetts General Hospital, a modular,
computer-based Ia.ioratory information system has been
developed that is one of the largest in the United States
(Barnett, HS 002.10). hhir l.klioilrratoly computer system,"

iirogiammed in Ml IMPS language, includes the hollow-
( ) alile-oi 'clued inhumation plocessing subsystem

lot- receiving specimens, piepaiing worksheets and lab-
oratctiy tesr iepotts, answering test result inquiries, and
pioviding accounting and statistical reports fin manage-
ment, (21 on-Ime suppoit lOu i viiiiety Oh teiminal
displays that peimit noultiple nseis to perform multiple
functions simultaneonsly; and (3) n interactive ea-

,. liability with lapid response tnne that faciilties quality
contrel thmugh the immediate detection and feedback
of eirors.

10 At the Youngstown I lospitalI comenter-b.rsed clinical
lahoratOJV'syslem has..been developed IOu Once hospitals
that shale clinical lahmatory services (Rappaport, I IS
000601. °vet 25 chemical and hematological testing in-
strnmcnts are interlaced with the computer system.
CMH'IISIVe 1.011CII Tone key pads allow physn users to
order te-st and obtain the rcsidts by computer,generated
Voir(' alISWel,A):14 :IS 50011 as they ale available. A further
refinement, "Auto Call,- automatically telephones the
results of tests to the doctor at the xyaml or at Ins private
office outside the hospital as an encouragement for him to
hegin ticatment or discharge the patient sooner and
reduce the hospital 'stay. A curient study is investigating
this interval betweep the tnne the physician receives
such inhumation and the, time he makes patient man-

.,agement decisions.

port directly on the CRT 'terminal, and the repOrt
instantly available at all the wards. Currently, 70 per-
cent of, the rudiologists use this system instead of the
traditional dirt:wholly. MARS is also used for manage-
inent.ol the activities ol the iadiology-departinent. The
system schedule!i patients (resulting in less waiting time)
and keeps nark ol X-ray lihn. This is iccomplished by
havinA clerks type the 'hpplopriate information into a

CRT terminal. Schedules and !dins are marked by ljar
codes (similar to thosa nsed in supermarket check-out

.s, and a. light pen is :swept across die bar code in-stall(' 1

stantly ieading and reconling the data (Lodwick, IIS
00616).

An American College of Rmliology project at the
liniveMity of Alkansas. developed a Diagnostic Radiology
Information System ( )R vhich allovt's the rmliologist
to dictate his report ill the usual way, incinues a
couipmeri/ed letrieval !iystem that assists the radiologist
in his current interpretations by retrieving old reports and
displaying them on the CRT. The system catalogues
reports ilsing a standanl radiology diesanins, operating
similarly to an (m-line standard library-type retrieval

.system. Although used at the University of Arkansas, it
(lid not find acceptance' at other hospitals '(Barnhard,
IIS 00525).

At the University of Vermont, a radiology teporting
system has been integrated with the computerized
Problem Oriented Nledical Record System (PROMIS).
The radiologist interfaces directly with the terminal,
entering Ins report by selecting with lois finger the ap-
pmpriate phrase or descriptor disRlayed on the "touch-
sensitive" CRT screen. Many thousands of CRT display
furnies have been deyehiped for -this purpose. 'Elle sys-
tem has not been tested outside of the University of
Veimont (Weed, Ilti 00175)T

The Framingham Union Hospital Rapid TelephOne
Access System consists of a bank of tape cassettes into
\vItic!II the laekkilogist dictates report. referring
physician then can access the Hwt by telephoning the
cassettes. The system has not bee :acceptable to ratio-,.
ologists becanse of the waiting time to access cassettes
hv telephone and becanse the system does not .allo.w the
compilation of matistical, a7d other time-related r,ports

\\,,t,inturnibs 0150B).

At the Massachusetts (;eneral Hospital, a radiology
subsystem lias been integrated with the computeri?_ed
medical record system. A 1 971 st tidy ng 7 NO x-rays,
reopiired the radiologist to select choices on the CRT
telminal xvith a light pen. The frames were arranged
using a hierarchial, branchiug tree logic with important
interconnections betwren portions of the tree to avoid
the display of unnecessary material. Each choice led to
another display frame which permitted the entry of
'modifying terms. The radiologists tried the system for
nearly a year, lint never accepted it because of the re-

, .hitt:ince to use die computer termina1 *. it is important
to note that this systein was not integrated into the
COSTAR medical information system developed for the
larvard Community Ilealth Plan terminal (1;arnett,

IIS 002-10),.

R.adiology. Radiology is One of the most costly of health
seivices, xyith over 2-10 million X-rays recorded annually.
One of the nuke piominent problems in radiology is con-
reined %yith the wporting and ircording of the ladi-
ologist's X-ray interpretations. in conventional systems,
accolding to the American College of Radiohogy, over
95 percent of all interpretations are dictated. The radi-
oliNist dictates _this findings into a (hump-home and a
typist transcrilws the report for his late,: review and
signature. Experience in various hospitals indicates that
it takes one to five days to produce tins iepoit and get

"Gthe infolinatUm to the referiing physician. Automate&
compnteliied radiology teloorting systems that reduce
the tune to firoduce stand:nob/v(1 text reports are com-
mercially nvailable. However, althongh these systems
reduce the time to ditlibute the N-ray report, they place
additional luirtieii s. on the ladiologist.

The I niversity of Nlissonri Automated Radiology
System NIARS) \vas developed for computvii/ed man-
agement of dictated reports, scheduling. and film nark-
ing. It recently has liven extended to provide on-line
X-rav interpletation reporting by use of computer ter-
minals displaying a set of possible alteinatives-ielated
statelJnts. The radiologist types in a number corres-
ponding to one of these statements and is given the option
to elaborate-On these statements by requesting a ['tither
list ol choices. Thus, the radiologist constructs his re-



A Temple University evaluation of the Radiology%Re-

porting System (RAPOR) showed that even though such
systems are cost effective, they will not be, widely ac-
cepted by ra(liologists because of the time needed to fill

in mark-sense rinds. A computerized interactive Schrdul-
ing system, Temple X-ray Scheduling '11EMPLEX)
also was evaluated and although there is still competi-
tion between inpati t andoutpatient desks as to whom

should be put in vhat room, the system has been, ac-
cepted by the hospt ',because it reduced patien waiting
time and inclreased throughput (shea, IIS 015.66), .

At the Beth Israel Hospital in Boston, a shorthnnd
(Joded Language Information Processing (CLIP), 'sys-

tem has been developed that allows the radiologist to type
1 or 2-digit codes directly into a' CR1 terminal. Ea th
code produces a standard paragraph of the X-ray repo ,t
on the scnen, so that only the bare ininimul0 tirlie of th

-radiologist is required. The menu Of codes land other
choices presented'on the CRT terminal foedes the radi-
ologist to input terse, structured information and makes
the infonnation more reliable and retrievable. Th'e system
currently is under evaluation. In a second pr{rject, a
voice-actuated system in which, he radiologist's voice is
encoded ,and serves as a difect input to the c.imiputer is
bring developed. Since dictatio t is the preferred method
of reporfing by nearly all radio_ v,ists, the voice-actuated
system may be more acceptable to them and still permit
the report to be instantly available to all parts of the
hospital (Simon, 11S 02099).

Computer7assisted electrocardiography. The 12-lead
resting electrocardiogram (EC(;) is the most widely used
of all medical promiures in the prevention, diagnosis,

mand tt .atent of heart disease, and current estimates of

its use pprOxiinate 80 million tests performed each year
at an annual cost approaching two billion dollars
(Dreifus, 1978). The use of computers to analyze the
ECG was first demonstrated prior to 1960 (Caceres and
Barnes, 1969; Pipberger, 1965), although it was not until
1969 that Computer-assisted Electrocardiography (CAE)
became an acceptable diagnostic procedure 'routinely

used in health care deliveky settings. Barriers to its

earlier adoption inclu d computer costs, an inadequate
(high noise) teleph e system, and the bulk and com-
Plexity of special . cquisition equipment required to

record an ECG for computer analysis. Private sector
R&D investments in digital recording and transmission
techniques, (not specifically addressing health care de-
livery needs) were largely responsible for overcoming .

these barriers. Since 1969 the privafe sector has continued
to absorb the major costs associ a ted with system "pack-
aging," huinan engineering, and software development,

while federally supported efforts have emphasized
demonstrating the technology (Elliott, HSM 110-69-
414) , cost effectiveness studies (Drazen, HRA 230-75-
212), and technology transfer (Hsieh, IAA 0003). Be-
tween 1969 and 1973 NCHSR distributed over 400
copies of its ECG Analysis (ECAN) program to health

care institutions. Widespreachadoption of the technology
really did not begin until 1972; however, the rate of
growth has been 'about thirty to kty percent per year
over the last few years. It is doubtful that commercial-
ization and diffusion would have occurred as rapidly with-
ont early Federal'support.

The major. benefits associated with the computeriza-
tion pf electrocardiography are usually 'reported as rA-
dueed turn-around time, increased accuracy, improved
quality of tracings, and increpsed ACCelis to ECG services,
although one epidemiolOgic study reported an improved
diagnostic capability and a 1976 survey reported SOrne

r
cost containment,

In a follow-up study, the .5-yeir incidence of
myocardial infarction was significantly higher among
those subjects whose electrocardiograms were com-
puter-interpreted as giving .evidence of possible 'or
probable infarct, but in whose paper4tracings "the
cardiologists found no signs of infarct, (Newfield,.
1973).

The cardiologist is reported as requiring approxi-
mately 60 percent less time to interpret an ECG
when assisted by automation, a reduction expected
to be translated eventually into a decreas9 in cost
and reimbursement charges. This probably will take
the form of cost containment; that is, cardiologists'
fees will not rise as rapidly as-inflation. Tlfis eftect

\ has already.been observed at one site, and cardiolo-
gist fees are now approximately one-half of what
they would have been otherwise. AnOther site had
lowered cardiologist fees following antomation
(Drazen, HRA 230-75-212).

When the- above data are combined 'with data from
other manpower utilization sttidies, they show that the

use of Cornputer Aided Electrocardiography (CAE) re-
duces the average reading time of the cardiologist from
125 seconds per ECG to 31 seconds. A savings of aPproxi-
mately 1,000 cardiologists man years would be realized

if all eighty million ECG's' were so interpreted. The um'.

pact of shifting khis time saved to direct patient services
has not been evaluated, nor has the implication for future
medical curricula been examined. There currently are
almost 100 operational computer systems in the United
States providing CAE services to over 2,000 hospitals and

an equal number of physician offices, and clinics.. By the
year 1980, it has been estirhated that over 100 million
electrocardiograms will be taken annually and 1,500
analysis centers will be in operation in the U.S. (Frost
& Sullivan, 1974). ,.,

One of the recOmmendations specified at the American

College 'of Cardiology Conference' "Optimal Electro-
cardiography" (April, 1977) was that every adult Ameri-

can should have an electyardiogram for the purpose of
providing base-line information concerning their cardiac
status (Dreifus, 1978). Federal incentives are not needed

or desi ble to enhance-further diffusion' of this tech-
nology,

N
'd certificates-of-need requirements are not likely

to have a negative impact on the expected diffusion of
CAE. The targeted market for the next five years will be

6, ,,.,;,.
1
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the smaller hospitals and physician Offices that are more
likely to contract for the service on a ,"pee EGG analyzed"
basis rather Ihan purchase an analYsis system. However
the .rapid diffusion of computer-assioted electrocardi-
ography, has e91phasized the need for national stand
ardization of diagnostic criteria and interpretative state-
ments, and the establishment of a data base for further
ECC research. There is It need fora service that wou
compatre exilting or contemplated CAE comw ter
prograins.

4

Automated patient mitciring systems. In the late-
1960's and early 1970 s, NUIISR supporwd th . demno-"
stration and evaluation of computer-based i itomated.

12 patient monitoring systems', designed to aid nurses and
physicians in the care of critically ill patients by Providing
continuous or intermittent monitoring of physiological .

\parameters. The specific monitoring capabilities of these
systenis are determined sonlewhat by the type of patients
being cared for; however, all ?if the systems monitor the
basic variables such as blood pressure, heart rate,, and
temperature. Certain specialimi systems are available
that monitor respiratory parameters and cardiac ar-
rhythmias. It was assumed that these systems would
increase nursing productivity and improve the quality
of care. Productivit y. would be increased by reducing the
need to reiwatedly observe and recont inalv.ially pisysio, \
-logical data, quality of care would be enhanced by the.
continuous monitoring of physiological data allowing
one nurse to care for more patients; quality of care would
be enhanced by the continuous monitorins of the physio-
logical data, allowing the physician (or hurse) to More
accurately assess the status of the patitmt.and be fore-

warned of impending crises. Vendors marketing auto-
.,

mated patient monitoring systems offer designs ranging
from relatively simple systems that measure the paral i-

t
eters listed above, to rather isophisticated systenv th. t
can automatically infuse blood, fluids, and thws, and are
controlled by pflysiological demand. In 1975 there were
approximately 30 systems in operation nationally. Cur-
rently, there may be twice thatt.fitnnber and the market
potential is estimated to be tWo thousand units at a
total cost of $200 million (Wechsler, IISM 110-70-406,
1975).

..

Automated patient monitoring activitiesinitially in-
volved system demonstrations in s,everar hospitals. An
evaluation contract, awarded to an independent or-
ganization for the purpose of evaluating...the iMpact of
this technology at these sites, later was expanded to
include other systems which were not supported by
NCHSR. The evaluation showed that systqn costs vary
considerably depending on the configuration, but gen:
erally range between $15,000 and,,$25,000 per bed, in
addition to the typical bed/day operational costs of $55
to $110. The number of nursing staff required to care for
patients was not reduced, although. one system 'IaloWed
the substitution of lesser .trained staff (LPN's) for more
highly trained personnel (RN's) ,(Wechsler,,DHEW Pub:
lication sNo. 76-3143, 1977).

4

Although users have reported that the 'patient's life9k
was "saved" by such vstems, there is no definitive,
quantitative evidence to indicate the systems have chatiged
overall patient mortality or mbrhidity. The systems have
affected physiciau and nurse behavior, and when used
in a feedbacK mode tend to standardize iatient care and
prevent the\dips often encountered during night shifts..
Farther, the nutse spends more time -tending to the
patient and less time ccillecting.-nnd recording data,
An evaluation at tin hospital of the University of Penn-
sylvania reported that its system did not show a realistic
cost/be`nefit ratio for computer-aided monitoring of
pckstoperative cardiac patients; it did -nOt influence
morbidity ortinortality.; and it did Inn significantly alter
nursing activities (Edmunds,Let al., 1977); Althoutzh;
some benefits air &rived from the use of these systems,
it is not clear that this approach is a judiciOus use of re-.
sources for most hospitals. Guidelines,for the acquisition,
implementation, and .opeMtion of automated patient
mmlitoring systAs were developed by `NCHSR. Stress-
ing the nmrginal Utility of this technology, the guide-
lines also offer hospils, determined to acquire such' sys-
tems, additional information on the best way to go about
it (Wechsler, DHEW Publication No. 76-3143, 1977).

Enwrgency medical care. Section 1205 of die Emer-
gency Medical Services (EMS) Systems Act of 1973
(Pub'li(' Law 93-154) and 'of the EMS Amendments

.01 1976 (Public Law 94-573) authorize a program of
research in "emergency techniques, methods, devices,
and delfverY," NCIISR is the DREW organization re-
sponsible-fori administering this applied research effort
and has funled.,several projects which use computer-
supported systems and nfodules fbr providing appropri-
ate care in life-thieatening medical emergencies, These
activities emphasize evaluative research, including analyses
of the performance of systems and their components.
Project results will be applied to current and future
operational EMS systems tt4 make them more efficient,
effective, and responsive to the needs of the communities
they serve. .

Emergency medical services can be divided into three
components: the immediate care outside of inpatient
facilities (mobile rescue units manned by param(dics),
the emergency facility (hospital emergency room) , 'and
the inpatient care (intensive care unit and shock treat-
fnent unit). The use of computers inits largely been
limited to the intensive care areas and to a lesser extent
the' enwrgency room. Optimal management of medical
emergencies occurring in the hospital includes methods
for early detection so that' appropriate action. (triage,
diagnosis, and treatment) can take place in a tinwly
manner, At-the 1,atter Day Saints Hospital in Salt Lake
City, Utah, a computer-based system han)een developed
for hospital-wide monitoring ,which, according to fixed
protocols, gathers physiolbgical and clinical data on
patients. It then uses these data to recognize patterns in-
dicating a threat to life and alerts thn medical staff of

I.



patients who may need more Mtensive care and monitor-
ing before catastrpphic concfitions develop that necessi-
tate .heroic life-saving procedures (Gardner, HS.02463).
The System also provides therapeutic assistance (using
stored.prot(woh) in the treatme;t and management of
patients in intensive care facilities:

;.,;...ry Another wroject stresses supPort of medical staff ia......
:*the critical care.areas. Tlw Clinical Assessment Reseanh

and Educ ion (CARE) system at the llniversily of
Buffalo is consultative ,aid not only for postsurgical

, .

patients, ho often. present the inost colliplic ted
metaholit peoblems and difficult recovery courses, It

also maq acute medical problems of an 'emergent
nature (Siegel. HS 01195). The system relates' these
important probleths to the "nos(' recent literature as a
"living textbook," an I permits the physician to gain in-
formation from, an communicate wi 1, other.members

..4,

of the health care eam. A nationwide time-shared com-
puter service now !tows widespread and easy access to
the system.

_ _.

Computers are being jffectively used for activities that
indirectly affe(t EMS s) tents in a project to develop a

. -computerized methodolgy for evaluating emergency medi-
cal care performance (Wolfe,I1S 02902). If successful,
this approach ccOd become a national resource for use
by communities in assessing the effectiveness and effi-
ciency of their EMS system. Another project is develop-
ing a computerized quality assurance system that will
benefit health care providers and administrators of

Emergency Medical Services by providing an objective
means for measuring quality of care and for improving
cAre through educational feedback of audit results. The

. .

use of computers in EMS systems is expected to increase,

.../
along with applications aimed at improving the Omar.
tion gond effectiveness of, EMS personnel. The new small
and inexf)ensive portable computers should find wide
application In niobile emergency vans and as hand-held
devices to assist in procedures such as cardiopulmonary
resuscitation and shock treatment.

Outpatient care support system

Much of the health care delivered in this country is on
an ambulatory basis. There are approximately one billion
outpatient encountas each year or about four million
persons seen per week day, and the cost of providing
outpatient care consumes a major portion of the Nation's
health dollars. As a result of rapidly increasink costs of

hospitalization third-party payers are enforcing increas-
ingly stricter reimbursement criteriapor hospital services,

.tc hwhich in turn increases the demand for he. It care serv-
ices delivered in already overburdened outp, tient facili-
ties. The NCHSR teChnology effort in Outpatient Care
Support Systems proVides support, direction, and co-
ordination for the cost-effective utilization of techriology

that, increases the quality and accessibility of outpatient
health care. A primary objective is to develop methods
for defining the need for technology,rand- adapting, and

ntilizing e sting technology. A secondary objeytive is
to develop specific technologies where existinitech-
nologies canpot be urfnlly configured or adapted to
anthutatory health care delivery requirements.

Certain activities have- been initiated that .reprelbnt
conciete steps in _rip iterative approach 1achieve the
aboye goals. One of these activities is to continue the
development Of technologies to meet high priority needlk,
such as the'shortage of health care manpower and the
inefficient handling of" infynnation. Another activity is
the careful analysis o( existing outpatient systends in an

.eeffort to precisely identify and dne those, conditions
'that limit accest, increase -costs; 'arid inhibit high qiiality-
care, and that are potentially amenable to improVement
throughtechsological approathes.' A .further activity is to
deyelop and implemelkt speeific methodologies for evalu-
ating current and future projects, in outpatient care to
&termine;whether the introdtictn- of innovations has
produced some measurable berrfir

The main thrust in Outpatient Care Support Systems
hits been directed towards the development of an auto-
mated ;mandatory medical record system. This appeared

, to be the critical .activity and the one upon which the
remainder of lisi program might be built. Such a system
would add, ss the major data and informaikOn process-
ing needs in the outpatient setting. It wotdd also provide
a sound base from which other ambulatory services might
be iutroduced, such as the amomated processing of the
electrocardiogram, use of computerized aids for physi-
cians, and use of teleconummicaiions to extend the reach
and improve the level a care.

Automated ambulatory medical record system. Autos
mated Ambulatory Medical Record Systenis (AAMRS'E)
have the capability of performing all or most of the
registration, scheduling, accounts receivable, and'Atedical
record-keeping functions necessary to operate an am-
bulatory care facility. Since all data ire stored in com-
puter-retrievable form, they are: immediately available
to the health care provider to aid id patient Management
decisions and to the facility administrator to guide
resource allocation decisions, The medical record com-
ponent may include history and physical examination
data, laboratory and radiology test results, and such
clinical information as prdgress notes, problem lists,

Presenting symptoms, diagnoses, and therapeutic inter-
ventionst Some AANIRS's h6e report. generation capa-
hilitkt that enhance the contint'lity of patient care and
facilitate quality of care assessments and utilization re-
view procedufes. A study of technology utilization in
rti*Il health care strongly suggests that an AAMRS with
all of4these functions would assist physicians in medical
decision making and patient came activities and would
offer significant benefits in terms of the quality of patient
care (Fifer, 075).

'Although there are numerotor medical billing systems
on the market, the number of AAMRS's that encompass
all of the above functions is significantly smaller. The

1 0
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NCHSRilsponsoreestate-of-the:art report whtkh identi-
fied approxiinately 1.75 AAMRS installations fot iikonly
30 that performed the medical record function, and less
than a dozen of these were fully operational (Henley,
1E175); Al computer hardware costs continue to decline,
lit AMRS's will become increasingly attractive to group
practices, health maintenance organizations (HMO's)
and ambulatory care clinics. However, unlike many other.
technologies AAMRS's dO lot generate ad itional xeyt,
noes (as .does an -ray machine) ; the ca ital outlay,
transition7costs for etering records that had previously

n kept on pape and recurring operating (:osts must
absorbed intd the charge for each patient visit or

skvice praided by the ambulatory care facilily. Up to
-the preselit time, theMajor -incentive for buying irt.1....

AAMRS lag been the automated billing function. Data
from another NCHSR AAMRS study indicate that the
costs of maintaining an IAMRS can be offset by reduced
personnel costs for the lilling function alone, with total
savings resulting from increased)orsonnel productivity
projected at $90,000-$140,000 pl" year for a medium-
size group practice (Pickett, 1975).

AAMRS's, improve communications between providers
, .

by making the m al record more accessible, timely,
legible, and bett. anized. Quality of care can be
audited more easily and gmum of patients "at risk"
.identified. Unfortunately, many of these benefits do not
represent sufficient incentives for the .physician to over-
come the large capital investinent required. Other dis-
incentves are concerned with privacy problems and the
struct4ed input requirement found objectionable by
some practicing professionals.

Computer Stored Ambulatory Record (COSTAR)
was developed by the Massachusetts General Hospital
to meet the information processing needs of the Harvard
CoMmunity Health Plan (HCHP), a Boston-based
HMO serving over 100,000 patients (Barnett, HS
00240). Interactive computer terminals at each data
entry point in the clinic are used by clerks' who toutinely
enter all medical and administrative data. This signifi-
cantly reduces the amount of paper gerurated in the
process of registration, scheduling, entering medical data
and accounts reCeivable/billing. After the NCHSR dem-
onstration ended in 197'7, the system was fully supported
by HCHP from operating reventies. This success of
COSTAR at HCHP was largely responsible for the
intensiSed efforts by NCHSR to develop a less expensive
and more exportable version of COSTAR for applica-
tion in smaller ambnlatory care settings. COSTAR V,
the result of an NCHSR Intramural Research activity
that involved the resources of,the George Washington
University (Yamamoto, HS 01449), the Massachusetts
General Hospital (Barnett, HS 00240), and the Digital
Equipment Corporation meets bah of these requirements
and fulfills all of the information processing functions
mentioned above. A public domain version of the soft-
ware, written in Standard MUMPS, will be implemented
in a group. practice setting under two pending NCHSR
contracts to demonstrate and evaluate the efficacy and
cost effectiveness of the system. A NCHSR strategy .for

software dissemination, technical assistance to adopting
institutions, user group feedback mechanisms, enhance-
ment of' technical dcoumentation and user manuals, and
procednres for transferring the technology to private
indusyry is under de:ielopment. Plans to use COSTAR V
as tl t vehicle for introducing other technological inno-
'vati ns into anibtdat"..health settings are,)under con-
sideration.

Compurer aids in the physician's office. There is a
paucity of information in the literature conceing' sys.
tematic _application and evaluation of computer tech-
nol4gy in the private practice setting: In the early 1970's

deinonstration of such- applications, "The AutOmated
Physician's Assistant Project," was implemented:by the
Univeisity of Missouri in a small rural clinic. However,
it was found that the technolOgy had not advanced to
the point where it was usefurin a clinical setting. Spe-
cifically, the costs were high, the response times too slow,
and the memory capat:ity of the computer too small.
Further, the instrumentation was cumbersome and com-
plicated and inadequacies Of the telephone kystem caused
noise and sigrIal interference problems that affected the
accuracy and completeness of the transmission (Lucas,
nsm 10-72-1,19) .

In 1972 NCHSR began a 3-y4 project, "Computer
Aids in the Physician's Office (CAM)," that explored
the potential value of introducing existing medical ap-
plications (computer program s) to primary health
care settings. Ten such off . s, scattered throughout the
northeastern United States, were equipped with inter-
active terminals connected by telephone..to a Boston-based
computer. At each site the Anedical and administrative
staff was acquainted with the existing applications and
giVen the choice oft implemeking them "as is" or with
minor modificMion. As ntw applications were .eveloped
elsewhere, they were added- to the list of choices. The
applications included scheduling and appointment sYs-
temps, medical history questionnaires, treatment protocols,
third-party billing and accounting systems, and various
medical consultation programs. The medical history
apylications provided options such as General Medical
History, General Medical Questionnaire, Mute Screening
History, Insurance Questionnaire, Pediatric Allergy
Questionnaire, Patient Education about Diabetes, Ixarn-
ing Disabilities Questionaire, Ob-Gyn History, and
Patient. Education about Fertility. Some of the patifnt
applications ,were available in Spanish. All applicatMns
were developed in the Meditech Interpreter Information
System (MIIS) computer language', a dialect of the
MUMP,S language. The study findings supported some
of the observations of the Missouri group and questioned
others. The practices were most interested in the billing
systems, ahhough each individual .practice wanted a
systen\"niodified" tiO Alit its particular setting, a require-
ment triat was cost 'prohibitive. The general practice
settings foundthe medical history applications very useful,
but the specialist settings, especially internal medicine,
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preferred the ityskian-patient encounter m-lr means or
acquiring phtient data. The limiting factor to their use
in the general practice setting Was cost, especially the
added cost of telecommunications. The physician con-
sultation and education applications were larey ignored
(Casffeman, HSM 110-71-244).

*(

One of the'primary conclusions of the CAPO
1,

study,
was that such- computer program applications are not
likely to be effectively utiliied until the state of the art
enables the implementation of small, stand-alone coin-
peter systems in each practice setting. This -proniptec .

efhiris to develop the COSTAR V system dis-
cussed elsewhere in this paper. The medical practices`
requirement that most of the Npplicat ions be modified
Jo meet their needs prompted the "Multi-Environment
Scheme" (MEW,11) under developmeneat Washington
University (Zimmerinan, HS 02760). MESCH addresses-
the issues of the high cost .associated with customizing
coMPuter applications and the difficulties of transferring
applications b4ond the developing institution. MESCR
would operate in three phases: (1) the 'Practice is given
an opening software package which presents a menu
from which selections can be made to specify and detail
the particular characteristics of the practice; (2)
MESCH activates a software package which designs _an
optimal file structure and, most importantly, creates the
appropriate code required for the needed application
package, producing a custom4it package that is generated
without costly programming; and .(,3) the application is
ready to run with the same efficiency as if it had been
hand written for the specific practice.

Other computer aids that are being introduced to the
physician office environment include computer-assisted
electrocardiography and many of the narmw-band com-
muniCations applications discussed later hi the section on
Telemedicine. Of these, the ECG 'application is the
most widely disseminated, and over 1,0049 phylician
offices now rotdinely tranimit patient ECG data to cen-
tralized computer facilities fo; analysis and interpreta-
tiop. The sizeable lkary of medical application programs
dikussed previously ists.this section can also-be expected
to be more widely used as COSTAR and other physician-
office-based, 10'w-cost, and highly flexible computer sys-

. tems begin to make their appearance in the primary
care setting.

Telemeciicine. Telemedicine utilizes telecommunications
technology_to transmit 'voice, data, and images between
health care providers in geographicallyreparaied sites.
The term Was originally applied to two-way te;evision
'systems that were demonstrated in the 1960's to shaw That

it 'was possible to "redistribute" physicians and make
more rational, use of existing health care resources by

centralizing scarce specialized personnel and permitting
their expertise to be distributed via telecommunications
and an instantanalus, as-needed basis.

Telemedicine technology involves at least three kinds
of costs: (1) capital inVestment and equipment mainte-

nance, (2) payment 'for the services provided remotely,
and (3) long distance telephone charges if the two
communicating sites arc not in -the same dialing area.
Evidence to date indicates that benefits do not exteed
costs. Comparing television to telephone s a backup
modality for a'nursepractitioner in neighborllood primary
care clinics, the telePhone 'proved to 6e the better modal-
ity (Mwre, 1975). An analysis of two-way television to

.provide 'backup support for'nurepractitioners in pediatric
clinics showed that a single pediatrician would have to
supervise five pediatric clinics in order for the system to
"break ben." ln the rurakprimary, care setting, it has
been demoostrated that television ia not much better t an
telephone for,purposes of coming to-a diagnostic
(Conrath,_1975). Based on these observfitions, 111IR
contracted witli tho MITRE Corporation to d ,termine
analytically and practically what technology is needed
to support an isolated nonphysician provider (Phillon
and Bennett, 1975; Doennann, 1975).

One incentive for installing telemedicine systems in
rural primary care settings is to provide a sense of
"community" to practitioners who would otherwise feel
isolated, a major reason for the unwillingness of health
care providers to practice in rural areas. The disincen-
tives, however, are even greater.. A physician can see
more patients per hour and make more money by having
patients come directly to his office than he cah \by
providing teleconsults via teleinedicine. In addition, there
is sotne concern about malpractice charges and indica-
tions that insurance companies may increase the insur-
ance premium of physicians partkipating in a tele-
medicine activity (Gravenstein, HS 01390).

InformatIon support activity

NCHSR Information Support, Activities are directed at
both the Inpatient and Outpatient Support Systems de-
scribed previously. For-the moit part these are Concerned
with information handling progranis that assist the pro-
vider. Using large data base techniqties, the provider has
access to an aggregated clinical experience that he can
use in forming the prognosis and selecting the appropriate
treatment. With' the burgeoning knowledge base in medi-
cine, there is a need _to facilitate the provkler's access
to that,. kdowledge, and a Variety of consultation pro-
grams have been developed piatoerform that function.

Databanks. In medicine, recording extensive and de-
tailed information about the patient has long been a
common practice..In fact, the quality of care has fre-
quently been equated to the quality of records. In private
practices these records provide the physician with a
longitudinal prdfile of his patient's health and are in-
strumental in allowing him. to provide a continuity of
care that otherwise would be impossible. In the hospital
setting the written record brings together the data from
various sources in the_ hospital and,provides continuity
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(1'.among the various.providers conce led with the patient's
care. Because of /(he way all di re organized,
and the information recordetl, it virtually impossible

.
for most physicians to systematic lly tap the clinkar
e.xperience buried in their fifes, aiI the physician has
had .to rely on his memory. Retrospective st*lies involv-
ing hospital records reqUired an extensive outlay of time
and 'effort to comb the individual patient records and
tease -out the information desired for the itudy. With the
introduction of computers for medical record keeping it
is now possible to examine the totality of clinical experi-
ence within the file for the individual practitioner. Even
molt intriguing is the frospertt of being able to share an
aggregated clinical rxperience among interested praeti-

. -. \tioneh in a particular area.
Almost 50 percent pf the population suffers from one

or more chronic diseases. Not all of these are disabling
and debilitating illnesses, perhaps only 10 percent fall
into that category, but it does represent a significant 191id
on the health care system. The nature of chronic diseaN
is such that it -requires the patient be given continuing
follow-up and attention. Since disability is a frequent
result of chronic illness, the economic impact of lost
productivity, is significant. Furtheel chronic diseases fre-
quently are characterized by an insidious onset; they
sometimes manifest a variety of inconsistent signs and

,-.-

symptoms, and progress in variable and uncertain ways.
This makes the management of many chronic diseases
expensive for the patient and a difficult and time-

/ consuming task for the provider. It is only recently that
investigators have developed applications of computers
that allow the collection of large amounts of clinical data
for analysis in ways that make it appear to the user as
an aggregated clinical experience.

The initial efforts in this area were undertaken at Yale
University where extensive longitudinal data were col-
lected on patients with a diagnosis of lung cancer (Fein-
stein, HS 00408). By, using survival as the outcome vari-
'able, certain key descriptors were identified in the dat
base that were of prognostic value. These descriptors then
were used to identify those patients who might benefit
from surgical intervention and those who definitdy would
not. Based on these concepts, other databank efforts were
undertaken. One of these, the rheumatic disoase data-
bank established at Stanford University, contains data on
over 4,000 patients with various rheumatic diseases such
as rheumatoid arthritis, lupus, scleroderma, and juvenile
rheumatoid arthritis (Fries,'HS 01875). The groundwopk
for this effort was developed by the American Rheuma-
tism Association by sponsoring a cooperative effort to
arrive at a common vocabulary, terminology, and criteria.
A databank established at Duke University contains
clinical information on some 2,000 patients with coro-
nary artery disease and myocardial infarction, including
all of die history, signs, symptoms, laboratory tests,, exer-'
cise electrocardiograms, catherization, laboratory data,
and progress notes obtained in the course of the patients'
clink visith (Rosati, HRA 230-76-0300). This informa-
tion is analyzed to assist .the physician in making the
choice between treating the patient medically or treating

him surgically. The system picks out. all patients in ,the
databank who are similar to the one currently under
treatment and presents the information in tabular form.
The physician then is in a position to contrast the out-
comes of the patients in the two groups, surgical vs.

medical, in terms of survival, freedom from pain, and
restoration 'of function. It allows both patient and physi-.
cian to consider all of the pertinent factors before making
important treatment ch-oices. The project has been suf.>
cessful in identifying subgroups of patients whose snryival
.4nild be increased by surgery and subgroups here
scurry and medical treatment seem to make no iffer-
ence in 'survivalAn interesting additional finding of this
research has teen tile identification of a group vf heart
ittack patients who can be safely discharged. from, ithe
irsippital aftsr only seven days stay, some eleven days
less than the national average. Ultimately, databanks can
be-expanded and extended to the point where a national
Chronic Disease Information System may become feasi-,,,
ble.

Computer based consultation. The sheer amount 'of
knowledge (information) required to appropriately care
for patients is rapidly becoming greater than the memory
cagability .of most physicians. Computer-based consulta-
tion systems are being.developed which use the computer

t'
to gather, store, and process medical/din' data for

in directthe specific purpose of sUpporting and
patient care. These activities tend to fall into two general
*categories': systems which monitor adequacy of care (e.g.
detection of poitential drug-drug interaction) and syitems
which suggest diagnostic procedures and therapy. Some
systems /to both. An example of a prOject..which monitors
patient care is the MEDIPHOR system develdped at
Stanford University (Cohen, HS 00739). This system
detects potential drug-drug interactions before the drug
in question is dispensed. The system creates an advisory
whfict, depending on the severity of the interaction, is
placed in the patient's medical record or is sent directly
to the attending physician. The advisory also contains
consultatiVe information in the form of svggested drug
alternatives, dosages, and routes of entry. The MYCIN
system, also developed at Stanford University (Cohen,
HS 01544) ,1;erves as an example of a strictly consultative
systeth, Using a rule-based approach, cselamonly referred
to as artificial intelligence, MYCIN t s" like an.expert
in infectious diseases. The system' queries the physician
to obtain patient clinical information and, as more infor-
mation is gathered, -makes (and updates) reconinienda-
tions on what the unknown organism may be and what
the best choice of antibiotic is based oil the current com-
pleteness of the patient data base (results of bacteriologi-
cal tests and other-dianostic related information) . The
system has other ratter unique and uSeful properties in
that it can easily be "educated" by adding rules and it
will, wlmn so instructed, go through the logic of its
recommendations step-by-step, making it a powerful
teaching tool.



Crier acceptance of such systems is an.important con-
cern and one that is currently under evaluation at. the
Beth Israel Hospital (Bleich, HS 00188); Despite the
excellent clinical performance of the 1Electrolyte and
Acid-Base Program, physicir utilizatiori` of the program
has been disappoirtingly low, aspeciallY in the 'better
staffed urban hospitals. Usage tncreases after implemen-

. tation in smaller hospitals, but Only temporarily, indicat-
ing that the major use of such fyitemr is educational.
Too many busy physicians have been deterred by iiystem
interface requirements on theit time, attention,and mode
of dialogue, a problem that is not hkely to be solved
until more acceptable ways of interfaCing'with the system
are developed.

The system at the, University of Utah use* a
,

different consultative approach (Warner, liS 01053).
This system has access to a variety of patient information,
including history, clinkal laboratory tests, physiological
parameters (when the patient is in the ICU), nurses'
notes, and X-ray,results. As information is accumulated,
various computer programs (HELP sectors) come into
play, creating monitoring and consultative information
along the way. Normally the systeni is. passive in that it
waits for the physician to query HELP and then makes
available whatever diagnostic and therapeutic informa-
iion the data base has created in the HELP ectors., The
PROMIS system at the University of Vermont uses an
opposite philosophy and "guides" the physician through-
out the course of the care process, using a highly struc-
tured, interactive program (Weed, HS 00175). The mon-
itoring and diagnostic/therapeutic consultative informa-
tion is presented to .the physician during the course of
interacting with- the system, insuring that the physician
is aware of the consultative information. Acceptance-of
all these capabilities to assist the physician in the case
of his patients is growing. One problem which is devel-
oping is how to inairlain and update the growing num-
ber of rather extensiJe data bases (e.g. drug-drug inter-
action, medical care guidance frames, and 'acid-base
consultations). It may soon be necessary to designate and
organization (;) to be responate for validating and
maintaining these data bases.

Special Hardware. In many information system appli-.
cations, there is a need to retrieve from the computer a
series of frame% of information. For the most part these
frames require little or no computation time but are
simply a transmission of formatted frames from the com-
puter's disk storage to the terminals. Accessing these data
and transmitting them to the terminali can cause an .
excessive burden on he computer system and seriously
degrade response times. One solution to this problem,
under development at Washington University, St. Louis,
will employ wide-band communication techniques to
support a patient-based computer-assisted interview his-
tory (Molnar, HS 01533).. This new approach uses a
cable television distribution network to broadcast ques-
tionnaire information continuously and repetitively from

v

a centralized data store. These "data bursts" contain
complied instructions similar to those developed for the
computer-assisted instruction author languages, and are
complete with display frames, btanching insitructions, and
the necessary calculations to process calk eRT screen of
information. The project objectives are to develop an
efficient s'ystem for questionnaire administration, to dem-
onstrate tht technical and medical feasibility as well as
the economic possibilities Of a broaOcast-based automated
system for history gathering, and to develop apPropriate
terminals for lir in such a groadcast scheme. The-devel7
opment of the special' tranfinitter and receiver hardware,
required for the s'ystem has been comptted.-

Another hardware innovation supported by' NCHSR
is the interface and control for a Graph-pen1ionic digitizer
(Rosati, HRA 230-76-0309). In the coronary artery.dis-
ease data bank project at Duke University', there' was a
need to convert the X-ray angiogram images into a form
that would allow them to be analyzed by the computer
for determinitions of volume and normality of contrac-
tion. While the Graph-perjrnic digitizer was commer-
cially available, it had, to be modified to allow it to run
shnultaneously with the other users of the computer. An
interface was designed that tratvferred the burden of
control of the Graph-pen from the central computer to
a local microprocessor while at the same time improving
the efficiency of transmission of the digitizedidata.

Technology transfer 'N
The diffusion of technological innovations within the
health care system is a problem of sufficient magnittide
to justify its coexistence with other issues. The public
is made acutely aware of technological failures, where,
for example drugs, IUD's .gastric freezing techniques,
radical mastectomies, and oral treatment for diabetes
perhaps were disseminated too rapidly. The public is
equally made aware that high costs may be associated
with technologies such as the Computerized Tomography
(CT) Scanner.

On the other hand, innovations with proven benefit to
the health care system and having high utility potential,
such as computerized physician consultations (Bleich,
HS 0010) and computer-stored medical record systems
(Barnett, HS 00240; Weed, HS 00175) represent tech-
nologies whose, application lags, in part because of the
absence of educational transfer policies. Reduction of the

(4,lag time between d velopment of an effective innovation
and its availability to the provider for subsequent benefit
to the consumer of health services is viewed as having
a facilitating effect on the resolution of other major
health care issues, such as productivity and access, cost
containment and financing, and quality assurance and
improvement. Any strategy that would attempt to affect
this lag time must include the development of improved
mehodologies for the study of the process and outcome
of technology transfer in Ihe context of organizational
structures, industrial incentives, and the role of user's



groups in influencing thif rate of diffusion as well as the
cost and unainti:fiance of the technological innovation.

Such methodologies have been applied only.ircently
as in the current Fechnology Assessment (TA) of

Computerized TomographyV(.1') Scanners. ln this TA,
health planners, providers, and researcheus are seeking to
lean), as early and as precisefy as passible, the impact
of this technological innovation On humali health, the
cost and effectiveness of healthy. care, and the allocation
of uationar health resources.

Until recentV NCHSR plogram activities in technol-
ogr transfer have .emphasized the following: (I) the

. gc),vernmentrole in providins incentives to the tecb-
' nology transfer.prooss such ns user groups (Zimmerman,

11S.,01540), system performance certification (1Isieh,
1AA (1003), standardization (O'Neill, IAA 730001) and
technical assistance programs (Hsieh, IAA 0()03) ; (2)
increasing, the knowledge base on the value of information
dissemination (Lave, 11S 02122) ; ana (3) the develop-
ment of new technologies, such as the MESCH system
for customizing computer applications (Zimine,rman, 11S
02760), which enhances the exportability of other, newly
emerging technologies. These activities ore in addition to
the many demonstrations and evaluations of new tech-
nologies hying conducted, the several surveys and state-
of-the-art studies of deployed or emerging technologies,
and the numerous technology conferences and publica-
tions initiated by NCI ISR, all of which partially address
the dissemination issue.

Two NCIISR technology project areas which had as
a primal y objective the facilitation of technology transfer
were computer-assisted electrocardiograpfly and the
MUMPS computer language. Both had stro elements
of user group participation in product develop it and
both relied on centralized resources for software r ro-

duct ion, maintenance, and distribution. Both also In
chided nrocedures for product standardization and certi-
fication as well as a mechanism for teclmical assistance
during the adoptec's implementation phase.

ln 1968 NCI ISR assumed responsibility from a prede-
cessor organization for an intramurally developed electro-
cardiogram (EC( ) analysis system (ECAN). At that
time the technology had been demonstrated. under litho;
ratory conditions, as being capable of accurately per-
forming the cardiologist cunction of measuring the ECG
wave and providing an interpretation. A prototype sys-
teen, with the cooperation of 30 reinote hospitals and
clinics, wits processing over 50,000 ECG's per year.
During this same 1wriod comparable systems were under

V developnwnt at the Washington Veterans' Administration
Hospital, the Mayo Clinic, and the IBM Corporation.
None of these systems had been deployed or implemented
by a health care facility as part of its routine fee-for-
Spey ire ope rat ion.

The NCI1SR program ty initiate such a transfer was
the first. It began witlt the 1969' contract to St. Luke's
Hospital in Denver to demonstrate the feasihility of much
systems to process the ECG's of an inpatient population
for a large region. By 1973 all of the over 20 participating
hospitals had elected to continue the services on a fee-

.cr

for-service basis (Elliott; IISM 110t9-414). Physician
feedback from the Denver project was used to improve
the system's performan('e (-Sandberg, HS 110-72-077)
and formalize a user's group (1lsich, IAA 003).

Over 4(X) tape copies of the ECAN. source code were
disseminated, and adopting institutions were encouraged
to participaur in a data pool strategy that provided
technical assistance and leading to certification of 'the
program s performance in the adoptee's ('nvironment
( Barnes, 1976). Awareness of the technolpgy was sqs-

..

tamed by particpatmn of the 1wofessiona1 societies (Drei-
.fus, 1978)" and efforts to promote standardization Of EGG
criteria and diagnostic terminologi (Cole, 1975).

B)' 1975 over 4- million ECG's were being computer-.
processed annually, providing services to aiproximately
2,000 hospitals and an equal number of ambulatory care
settings (Driv('n, 1972) . Most of this volume is processed
telephonically by fewer than 20 nationaj or regional
ECC service bureaus. The three largest companies, which
account for over one-third of the total number of com-
puter-processed ECC's, all initiated their services using
the NCIISR ECAN program. These three organizations
have since applied their Own research and development
funds to either gnhance ECAN or produce their own
proprietary programs. Most of the other service bureaus
and virtually all of the institutions that process ECG's
onBi for their own-facility lease the IBM program, which
is continuously being updated and improved. The Mayo
and the Veterans' Administration programs have had
little impact beyond their developing institutions. Al-
though NCIISR still receives and fills freqnent requests
for ECAN documentaion it no longer supports program
enhani%ement.

MUMPS, the computer language and operating system
developed at the Massachusetts General Hospital (Bar-
n('tt. HS 0020), has followed a technology transfer
course similar to that of computer-assisted electrocardi-
ography. The power of the language to facilitate medical
information processing needs" was demonstrated initially
at the Harvard Community Health Plan and the lan-
guage Was quickly emulate(h. By 1972 there were eight
dialects of the language in use thronghout the country
( Johnn, 1972)'. Literally hundreds of medical applica-
tions were being devehped, a dozen or more supported
by NCI ISR; and many more by tla. growing number of
institutions that as part their shift towards minicom-
puters had adopted MUN1PS as the language of choice.

The transfer of applications between institutions which
used different dialects was a difficult, expensive, and
time-consuming provdure (Iawas, 1976) , In 1973
NCHSR initiated an interagency agreement with the
Na'tional Bureau of Standards to develop a strategy for
standardization of the language (O'Neill, IAA' 730001),
an effort which culminated with the 1977 announcement
that "The MUMPS Laliguage Standard" had been ap-
proved by the American National Standards Institute
(ANSI). The Mt 1MPS 1.1sers' Group, established in
1971:contributed to this acceptance.through its iwograms
to estahlkh a central resource for all MUMPS documen-
tation and to facilitate the exchange of information be-
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tween both individual and institutional users (Zimmer-.
man, HS 01510). Upon the 1976 termination of NCIISR
funding for the standardization effort, the MUMPS
Development Committee, composed of over 50 volunteer/

.

1

participants, elected to continue its responsibilities for
maintaining and enhancing the proposed standard, Like-
wise in 1977 the MUMPS Users' Group became an
incorporated, not-for-profit enterprise.

'
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Appondlx A. Tichnology program
projects supportod by
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20 Abrahamson, S.; HS 00020; University of Southern Cali-
fornia; "Evaluation of Computer Controlled Patient
Simulator."

Barnhard, H.; HS 00525; University of Arkansas Medi-
cal Ceilter; "Diagnostic Radiology Infoimation Sys-
tem."

S.

Barnett, G.; HS 00240; Massachusetts General Hospital;
"Hospital Computer. Project."

Barrett, J.; HSM 110-73-331; Battelle Columbui Labora-
tories, ."An Evaluation of the Impact of the Imple-
mentation and Operation of the Tech nicon Medical
Information Systems at El Camino Hospital."

Bellville, J.; 00146; Stanfotd University Medical Center;
"Demonstration of Computer Monitoring."

Behrendt, T.; HSM 110-69-185; Jefferson Medical Col-
lege of Philadelphia; "Television Opthalmoscopy De-
velopmenC Feasibility Testing for Geometric and
Temporal Studies."

Billmeyer, D. ; HS 01202; Physicians Association of
Clackamas County; "Implementation of a MUMPS
System to a Decentralized HMO."

Binning% G.; PH 86-68-191; Aerojet General Space
Division; "Streptococci Detection, Develop Automated
Methodology."

Bleich, H.; HS 00188; fleth Israel Hosgital; "Automa-
ttion of Medical Consultation."

Bruce, R.; HS 00094 University of Washington School
of Medicine; "Coniputer Diagnosis of Cardiovascular
Disease."

Brunjes, S.; HS 61577; Yale University School of Medi-
cine; "Quality of Care and an HMO Automated Medi-
cal Record."

Castle, C.; HS 01481; University of Utah; "Salmon-
Challis. Medical Communication Project."

'Castleman, P ; xsm 110-71-244; Bolt, Beranek and
Newman, I ., "Evaluation of Automated Medical
History and Ieveloprnent of.Other Computer Applica-
tions in the Medical Practice Setting."

*Note: See Selected Bibliography for National Technical Infor-
mation Service (NTIS) PH numbers in order to obtain reports.

les

Clark, G.; HS 00427; University of Tennessee Sthool of
Medicine; "Computer Techniques in Patient Care."

Cloutier, R.; HSM 110-69-409; Berkeley Scientific Labs.;
"A Study of the State of th; Art Laboratory Automa-

Cohen, S.; HS 00739; Stanferd University; "A icsn-
puter-Based On-Line Drug Therapy Monito\ing
System."

Cohen, S.; HS 01544; Stanford University; "Computer-
Based Consultations in Clinical Therapeutics."

Cole, S.; HS 02603; Engineering Foundatio;%; "Com-
puterized Interpretation of The ECG-II." (Confer-,
ence)

Colkn, M.; HS 00288; Kaiser Foundation Research
Institute; "Health Services Research Center."

Coriell, L.; HS 00130; Institute for Medical .Research;
"Evaluation of Hospital Clean Rooms".

Cox, J.; TO1 146 00074; Wadhington, University School
of Medicine; "Technology in Health Care." (Training
Grant)

Cronkhite, L.; HS 00113; Children's Hospital Medical
Center; "Control of Operations bi Scheduling Using
Terminal."

Davis, Fl. HRA 230-77-0112; Visiting Nurse Association
of Verniont; "Demonstration of a CoMputerized De-
cision Support System in a Nurse Practitioner' Staffed
Rural Health Clinic."

DeBakey, M.; HSM 110-69-237; Baylor University
School of Medicine; "Small Computer Network 'for
Monitoring the Critically Ill."

DeNavarez, F.; HSM 110-70-346; Medical and Health
Research Association of New York City1 Inc.; "A
Preliminary Demonstration of Automated Sputum
Cytology for Mass Sc ing."

Drazen, E.;, HRA 230-75- 2;-. Arthur D. Little, Inc.;
"Impact and Diffusion of 4 'Technological Innovation
for Health areA Study of Automated ECG Syt-
tems.v'

Dreiftni, L.; HRA 230-76-0166; The American College
of Cardiology; "Optimal Electrocardiography." (Con-
ference)
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Dunn, D.; HS 01132; Iowa Rospital Association, Inc.;
"Long-Tenn Care Compoiient---4owa Health Data
System."

Edmunds, 11.; HS 01467; -University of Pennsylvania;
"Evaluation Of 'Computer-Aided Care After Heart
Surgery."

Edwards, S.; HSM 110-70-368; Good Samaritan Hos-
pital; "Demonstration and Evaluation of the Shared
Modular Hospital Information System:"

Elliott, R.; HSM 110-69-414; St. Luke's' Hospital Asso-
ciation; "Demonstraiion and Evaluation of a Com-
munity Hospital-Based Computer Assisted Electro-
cardiographic Interpretation Service."

Evans, J.; PH 86-62-213; George Washington Univers-
ity; "Coronary Care Unit Patient Monitoring, Re-
search and Development."

'Feinstein, A.; HS 00408; Yale University School of
Medicine; "Improvement of Methodology for Clinical
Evaluations,"

Fifer, W.; HS 01591; lnterstudy, Inc.; "Innovative
Technology in a Rural. Health Care Syftem."

Frazier, W.; HS 02149; Yale University; "Validation of
Quality Assessment Measures in EMS."

Fries, J.; HS 01875; Stanford University School of
Afedicine; "OlImputerized National Chronic Disease
Databank System."

Gall, J.;_HSM 110-71-128; El Camino Hospital "Dem-
onstration of an Existing Hospital Information Sys-
tern.'*

Gall,' J.; HS 02027; El Camino Hospital; "A Patient
Care Qualit? Assurance'System."

Gar'dner, R.; HS 02463; Latter-Day Saints Hospital;
"Computerized Protocols Applied to Emergency Care."

Garrett, R.; PHS 168-66-299; Tulane University; "HIS,
Optical Input/Output Recording."

Giebink, G.; HS 0105'2; Denver Department of Health
and Hospitals; "Urban ComprehensiVe Health Care
Inforffkation System."

Gookins, R.; HSM 110-70-71; Berkeley Scientific Labo-
r'atories; "A Midy of State-of-the-Art of LaboratorY
Automation."

Gravenstein', J.; HS 01390 & HSM 110-72-383; Case
Western _ReserV'e 'University; "Laser Mediated Tele-
medicine in 'Anesthesia."

Glatialson, D; HS 00316; University of Wisconsin;
"Medical DiagnOsis Using Subjective Probabilities."

Habig, R.; HS 00473; Duke University;1"Improvements
e in Automated Clinical CheMiitry." .
Haywood,, L.; HS 00106; L. Couniy V General Hos-

pital; "Comprehensive Care of Acpte Myocardial
Infarction."

Henley, R.; HRA 106-74-11.6; University of Caltornla;
"An Analysis of Automated Ambulatory, Medical
Record Systems."

f -
A
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Hieb, G.; HRA 106-74-188; Emergency Care Researcl.,h.
Institute; "Evaluation of Emergency Medical Devices
and Systems." ' '

-- -
Hsith, R.; IAA 0003; lialtimore PHS Hospital; "Clinia"

,
r'

EvalOation of -the Health Can, Technical VIkision '.i.

ECG Analysis Program (ECAN)." .2'. ' ...

Huff, W.; 1-iS 00083; The Sisters of the Third Cordpr of.1\-1\ ,

St. Francis; "Demonstration of a Shared HosOttl Ing.'
formation System."

e
Jesiiman, A.; HS 00089; Peter Bent Brigham Hdipital;\ ..-. I Ilib :

t

"Real Time Computer Services 'for Ambuti}tin'y .' 4
- , 1 1! 1 iClinic."

c's"Keiser, G.; PH 86-62-213; George Washington Univer/1-...r

Kezdi,- P.; HS 00128; Cox Coronary Heart Instit te.') y,\ .='.

ity ; "Coronary Care Unit Patient Monitoring." c , \ .1. -., ii.:4\, 4,. 21

"011-Line Monitoring System for Intensive Care Unit.",'IN:.k.t.:

Kittle, R.; HSM 110-68-47; Lockheed Missiles Space
Company; "Systems Analysis of Information Needs of
Nursing Stations."

Klingenmeit, H.; HSM 110-69-236; George Washington
University; "Automated Patient Monitoring Oemon-
stration and Evaluatkin,"

Komaroff, A.; HS 02063; Beth Israel Hospital, Harvard
Medical School; "Cost-Effective Strategies in Ambu-
latory Care."

Korein, J. ; HS 00126 ; New York University Medical
Center; "Computer Analysis of Narrative 'Clinical
Data."

Kujawski, W.; HM 00489; iletroit-Macornb Hospitals
Association ;"Demonstate Design of Computer-Doctor
Interface."

Lave,,L.; HS 02122; Carnegie-MelrOn University; "The
Value of Information Dissemination; An Analysis of
ERIC and MEDLINE."

Leonard, A.; IISM 110-69-387; Regents of the Uni,
versity of .Minnesota; "Computer Facility for Medical
Monitoring.",

Lindberg, D.;1-IS 00014.; University of Missouri Medical
Center School of Medicine; "Computer Recognition
of Human Disease Patterns."

Lindberg, 13.i' HS 02569; University of Missouri;
"Health Care Technology Research Center.",

Lodwick, G.; HS 00646; University of Missouri Medical
Center; "Missouri Automated Radiology, System."

Lucas, F.; HS 01571 & HS 110-72;119; University of
Missouri; "Automated Physician's ,Assistant."

Maroride, R.; HS N084; University orSouthern Cali-
forna School of Medicine; "Digital' Computer and
Patient Care: A Pilot Study,"

Marshall, C; HS 01392; Mt. Sinai School of Medicine;
"East Harlem Broadband Health Communications
,Network."'

Marshall, .C.; HSM 110-72-382, Mt. Sinai Sch'ool_of
(A1Menicine; "Bi-Directional Video Communication and

\
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Facsimile Reproduction Links Between a Housing
Project Pediatric Clinic and the Mount Sinai Medical
Center." -

Martin, M.; HS (X)043; Mayo Foundation; " A Com-
puter-Generated and Computer4rocessed Health
Questionnaire."

McDonald, C. HS 02485 & I-1RA 106-74-18; Indiana
University Medical School; "Controlled Trial of a
Quality Assurance Mechanism."

Mesel, E.; IISM 110-71-252; University of Albama;
"Development of a System for On-Line Medicaid
Claims Processing."

Molnar, C.; HS 01533; Washington University; "Broad-
cast Computer System for Patient History Taking."

Moore, G. ; 11SM 110-72-384 ; Harvard University ;
"Evaluation of a Video-Augmented Consultation. Sys-
tem 'Betwern Physician Extenders at Neighborhood
Health Clinics and Physicians at a Community Hos-
pital."

Morgan, A.; HS 01472; Harvard Medical School; "Com-
puter Aids to Therapy in Critical Care."

Neinath, P.; HS 00696; Tufts New England Medical
Center; "Development of A Differential White Gell
Count System."

Nobel, J.; HS 00070; Graduate Pain Research Founda-
tion; "Devolopment of an Emergency Life Support
Pod."

j.; HS 00077; Graduate Pain Research Founda-
tion; "Demonstration of Hospital Emergency Com-
mand System."

O'Neill, J:.; HRA 106-74-182; MITRE Corporation;
"A Study cif the Technology Required to Support
Non-PhOician Providing Health Care."

O'Neill, T.; IAA 730001; NatiOnal Bureau of Standards;
"Development of the MUMPS Language Standard."

Odoroff, C.; HS 00685; University of Rochester; "Ap-
plication of StatiSiicsal Methods to Record Linkages."

Petters, J. J-1S 00167 Wuesthoff Meinorial Hospital; "A
Guide to Automation for Hospital Administration."

Pickett, R.; IIRA 106-74-180; Bolt, Beranek and New-
man; Inc.; "Demonstration of a Method for Improv-
ing the Performance of an Ambulatory Clinic through
the .Planned Application of Technology."

.Pribor, H.;. PH 86-67-288; Perth Amboy General' Hos-
pital; "Automated Screening for Cervical Cancer Us-
mg Particle Counters and Cominiter Technology."

Rappaport, A. ;--11S .00060 ;, YO"ungstown Hospital Asso-
ciation; "Computers-Automation: Impact on Labora-
Jory Management."
eynolds, W.; PH 86-68-41; ITT Research Institute;
"Develop and Furnish 5. Flexible Endoscop-es."

obertnr, S.; HRA 106-74-181; Regenstrief Institute;
"Improving 'the Performance of Hosiiital Outpatient

knics Through Planned Applications of Manage-
n nt Science."

(
4

Robinson, R.; HS 00093; Bowman Gray School of
Medicine; "Demonstration of the Integration of Ac-
tive Medical Records."

Rockart, J.; HS 00307; Lahey Clinic Foundation; "Am-
bulatory Scheduling: A Management Science 'Ap-
proach." ,4

Rogers, J.; HS 02649% Northwestern University; "Auto-
mated Record Summaries: Analysis of an Experiment."

Rasati, R.; 11RA 230-76-0300; Duke-University; "Coin-
puterized Data for Treating Chronic Illness."

Rudy, LC...4SM 110-72-381; Illinois Department of
Mental Health; "Picturephone Network for Illinois.
Department of Mental Health Medical Complex, Com-
munity Mental Ifellth Program."

Russell, P.; 11SM 110-69-236 George Wa;hington Uni-
versity; "Automated Patient Monitoring Demonstra-
tion and Evaluation."

Sandberg, R, ; Hsy 110-72-077; University of Missouri;
"Modification orthe Health Care Technology Division
12-Lead ECG Analysis Program (ECAN)."

Sanders, C.; HSM 110-69-372; Massachuietts General\
Hospital; "Automated Patient Monitoring Demonstra-

. tion and, Evaluation."

Schwartz? W.; HS 00911; New England Medical Cedter
Hospital; "Computer Aided Medical Decision

Making."

Seibert, 'D.; HSM 110-72-387; Dartmouth Medical
School; ."Two-way Television to Support Physician
Extenders in Dennatolo --and---Diebir Therapy."

Seiden, G.--; CD 00302; Albert Einstein College of
Medicine; "Comnputeri4.ed Vector Cardiograms of
-Suspected Coronary Patients."

-

Seligson, 1).; HS 00075 . Yale University; "Use of Com-
puters to Improve Clinical Laboratory."

Seubold, P.; PH 86-68-191; Aerojet Genecal Space
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