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ABSTRACT ' :

- This NCHSPE research program in the applicatton of
computers in health. ¢are--conducted over the ten year span .
1968-1978--identified two areas of application research, an inpatient
cate support systep, and an outpatient care support systea. Both of '
these systems weéquonceived as conceptual frameworks for a related
‘netvork of projectf and ideas *hat would eventually converge into a
real information system. The description of the inpatient care
support system includes use cf computers -in hospital information
° systems, clinical laboratory systems, radiology, electrocardiography,
. patient monitoring, and emergency medical care. The section on the,
outpatient%care support system includes use of this technology in
ambulatory“medical record systems, the physican's office, and
telemedicine. /In addition, this report describes information support
activities, ificluding computerized databanks, coémputer-based
consultation, special hardware, and specific projects aimed at

" transferring proven technoloales to health care settings. A 1list of

technology fprogram projects supported by NCHSR and & selected
bibliography are appended. (Au*hor/RAO) . . ~
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" This report documents ten years of medicg) care computer
applications \reearch by the National Center for Health
N Services RésLu‘ch (NCHSR), much of which resultéd
7 in beneficial innovations implemented into the health
care system. What also QZ{S been achieved is a “clearer
and more realistic view.of\ the potential of computers
to address problc‘ms in the~health area. We now know
that computeys can be gainfully used and will be ac-
cepted in sonfe of the more obvious health applications
at the institutional level, sdch as hospital information
systems and ambulatovy medical record systems. What
Heés ahead is to exiend ‘and expand this research experi-
ence in two directions. One direction is to explore the -
_ ways of aggregating the health service informatioh avail-
able from computers at the institutional level, and making
Vit available at the plapmpg and resource allocation level.
The other directionis to utilize therextensive clinical data
bases that are becoming available as a result of com-
puterization to improve the medical care process. These
4re challenging goals for NCHSR and ones that trold the
promise of advantageously modifying the health system.

L
Gerald Rosenthal, Ph.D:
Director -
% June 1979
;o
) ,
/
v
t
.. S
q
) .
. -\T:
o ) . .
ERIC | - :
. . o ,

X1

'3

) ’,'
-
B /
'
°
t
1
.
S
¢
LIS
Al .o
l . \
)
-
\
N
P
'
. !
0 -
. -
.
'
. v



N

iv

.
&

\

.‘)( .

"gitudinal clinical bxperience that slgmﬁcantly lmp

hrogram ucéompl!ohmonto

'Ihe efforts by the National Center for H;lth Services
Research (NCHSR) in the apph(‘auon of ‘computers in
health care have resulted in a number of noteworthy ac-
complishinents. 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 _~ used medical service. -

- a commercially marketable automated ambulatory medical
record system, the establishment of chinical databanks,
and the development and release of a computer-agsisted
¢léctrocardiogram analysis pregram.

A demonstration of the Tethnicon Corporation MIS-1

"hospital information syStem at El Camino Hospital,

Mountain View, California, 4nd concurrent evaluation

by Battelle Columbus Laboratories documented improved -

hospital operation. Benefits were realized in the improved
quality of patlcnt care and the increased- productivity .
of the nursing staff following the nnplementatlon of the

T

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

accepted by the American Natignal Standards Institute;

has enthusiastic uscr‘gmups in the United States, Europe,
Japan, and South America; and is widely marketed by a
number of computer companies,

The Computer Stored Arﬁbulatory Medical Record
(COSTAR) system was developed mmally for use by the
Harvard Community Health Plan. The success in that
setting in terms of itnproved record keeping, more ra-

tional allocation of resources, and improved patient care. -

led to the dcvclopmcnt of COSTAR V. This new 9ystem
was designed to meet the needs of a variety, of}nmbul‘ltory
medical care settings from large health maintenance or-
ganizations to small group practices.

Two clinical databanks were &stabhished and dc}on*
\;\tr&t&d one at Duke University for coronary artery discage

ani! the other at Stanford University for rheumatic dis-

7

chronic discases” A further benefit of databanl; 1s that
« they make available data that allow a dynamic assess-

ment of emerging medical technologies. ~

The Electrocardiogram Analysis (ECAM) program was
developed and released for commercial use. This activity
resulted not?only in improving the qua}nty of clcctro-
cardiogram analysis angl increasing the pmductlvﬁy
cardiologists, but also conmined the cost of this widely

w

{ ' .
.4 ‘ '
Current p’odnm ~
The current program of. NCHSR s it applies to com-
puters in health care has two major ‘but related thrusts.
The first is the development of an 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 hogpital information system (HIS) at El Camino Hos-
pital Thesg include attempts to computerize nursing care
plansiand the medical audit function. Information on
HIS characteristics will be developed that can serve hos-
pital decision makers who are faced .with the task of

selecting and implementing such systems. The develop- .
valuation of.the highly sophis-"

ment, demonstration, and
_ ticated Problem Oriente®Medical Informatjon System
(PROMIS) is being carried out. PROMIS not.only func-
tions as a hospital information system) but serves as a
source of medical guidance and consultation to the physi-

" cian as well. PROMIS facilitates access toynedical knowl-

y edge and supports the user in dxagnom and thempy
selection. - - :
The outpatient proqram is closely related to the success-
ful development of the COSTAR V system. COSTAR V
.i¢ perceived as a véhicle that will prov ide entree to am-
bu,latory care setyngs for additiohal computer applica-
tion programs. Small automated laboratory devices, inter-
active patient history progams, patient education, and
training functions currently are being considered in con-
™ junction with TOSTAR development. A wide range of

eases. These databanks make available a gregated, Jon-,, . S consultation and guidance prograjns are in varibus stages

the ability of physicians tq care for patients with tf\cm

. "« of readiness. They ultimately will be tested in ambulatory
‘Q"_W settmgs in the context of COSTAR V.

o
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A number of Information Support Activities are identi-

fied. Tht most important of thete is the establishment
of databanks. Databanks 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 'c_latabink effort. Other information
suppbrt activities include development and testing of
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various consultation programs and the development of
specialized hardware. Some typical computer-based con-{
sujtation programs help the physician.to select the correct
antibiotic, restore the patient’s electrolyte balance, and
interpret laboratory results. A special hardware device
was designed to make possible fast, accurate, reproducible
measurement of X-ray angiogram images. , °
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Since its inception in 1968, the National Center for
Health Services Research (NGHSR) has been concerned
with the development and application of computers in
health care settings. In the course of this extended and
continuous effort, sSome 150 grants and contracts were
supported, resulting in numerous research reports, formal
evaluations, state-of-the-art studies, surveys of the field,
syntheses, user guidelil{cs, and operational systems. 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 (Tierney, 1978) that over the
p‘ast 20 years the focus of Federal programs has shifted
from access (Medicare, Medicaid, and training more
physicians) to quality (cstablishmcnt‘bf Professianal
Standards Review ()rganizations-——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 '

compyter technolagy and present the current status_of
its program.

‘The application of computers 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 by people. This manpower-sparing application
pmviacs'a potentially 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 tasks that pg‘g_vious'ly were not feasible by

anual methods. With the increasing power 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 inn'pvat;ons in the health care system that ‘will assure
the system’s ability tg respond to the demands 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 Care Support System. These

’ ~
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support systems are not to be thought of a} unitary hard-
ware/software systems that exist in one place at one time.
Rather, each is a conceptual framework for a related
network of programs, projects, and ideas that may eventu-
ally converge into one of the prejected support systems.
The basic functions of bepth such systems are fo ‘record
the component transactions of the care process; to
communicate and distribute orders for materia), services,
and information; to provide information support for
both clinical and facility management decisions; to assure
that all specified setNices have been performed; to auto-
mate tasks thdt are ejther too repetitive or too intricate
to be efficiently carried out manually; and to generate
and update variqus reports and files.

The research has been directed toward serving the
needs of the health care administrator whose responsibil-

e

. - ity is facility mapagement 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, utilization review, medical audit,
quality assurance, and patterns of practice. In the area of
provider. support the focus has been on the provision of
diagr}ostic and prognostic aids, information to improve
the selection and individualization of therapy, interactive
treatment protocols for physicians assistants and nursé
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.

Af overview of the NCHSR technology program from
1968, to 1978 is depicted in Figure 1. The conceptual
starting points when the progi‘am was initiﬁtgd in 1968
are shown on the left. The starting point for the Hos-
pital Information System effort wal a study that defined '

“the information nceds 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 ustr. It also was evident that
computers could aid physicians in their practice settings,
allow them to share clinical experience in dal;alnng;,
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xmbalmce The moard( projecu that evolye lxoxp those
conceptual startinig points are indicated in the center of
‘the figure.’ The ultimate objective “of these actwitiu is
shown on thc right.

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

%
. N

. Overview of the NCHSR Program In Health Care ‘chhnology-lno to 1978
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Conceptual NCHSR-supported Program N
starting points research projects objectives
Q ¢ £
‘ L4
Hosplital inpatient
. lntom‘\)atlon "PROMIS-—Development and Evaluation - L ero‘
System ] MIS—Development and Evaluation, « ~ — support
Requirements _ Drug-Drug Interaction Study s system
) MUMPS Develofment
J Commerclal MUMPS - N .
Medical MUMPS Users Group MUMPS
Computer MUMPS MUMPS Standard applications
Language MUMPS Applications
“ COSTAR—COSTAR V =
I R
' Automated Ambulatory Medical Record j |
- System Survey Outpatlent
Physiclan \ Computer Alds in Physiclans’ Offices - °‘"°n
Alds Treatment Protocols 1 suppo
Physiclan Extender Protocols . 9""’"‘
On-Line Claims Bllling f
Lt Gancat - Chronic
N ung La ' ' disease
Clinical Coronary Artery Disease l >
Databanks Rh tic Disease databank _
eumatic Diseases ‘ network
e 1
( Clinical Laboratory Reporting : ) i ~
R . Radlology Reporting—MARS, CLIP o -
AN * Patlent Monitoring—MEDLAB , A“’t°"‘°"°d
Clinical — .ECG Analy’sis (ECAN)—ECAN-E sysiems for
Automation ’ “ Certlfication clinical
’ Users Group . . medicine
"~ - Commercial Services ]
. . 1
. - Electrolyte; Acldy\Base
CARE Computer-based
- Medical HELP . medical -
N Consultatlon MEDIPHOR : : consultations
’ . MYCIN
Septig Shock
b 2-Way Television -
Slow-Scan Television : l . Teleconaultation °
Tele- ¢ . Narrow-Band Telecommunication via ,
communications Voice Answer-Back ‘ telemedicine
+Telehealth Handbook
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The accpznphshments of the program are prescntcd 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
leel) to the development of a special computer language,
MUMPS (Massachusetts General Hospital Utility Multi
Programming System). Many of the computer programs
described throughout this report were written in that
. language.

A

MUMPS was spccnﬁcally designed and developed

. to address data management and information proc-
essing problems in the delivery of health care. It
facilitates the jnanipulation 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 s tailored for the medical record with its
many dlﬂ'erent ‘levels of lmportance and detail; and
it is a high-level language 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 itteragency agreements between
the NCHS3R 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 dlssemmatmn
of medical information, the number of institutions
utilizing MUMPS .increased over ten-fold, Trom
less than 50 to over 700, and spawned comparable

+ user groups in Europt, Japan, .and South Amierica
(Zlmmem\an HS 01540) .-

NCHSR has made important _contributions In- the
demonstrdtion 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

[y
»

.
» . r
-
/ - . b

station which was followed by a_survey of efforts in the
field.

4

The patient will ber{eﬁt from use of Medical In-
formation Systems since the hospital facilities” (beds,
drugs, and staff) will be more readily available,
routine servite and emergency responses more timely
with reduced errors, and transfer. 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-hased automation tech-
niques apphcable to hospitals) no single business
or clinical system was observed that solved all of
the data processing requirements of a community
hospital. There is obvious need for some central
agency to establish a system of eyaluation and
standardization to brmg a degree of order out of -
the present chtaos. 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 ¢ontributor

{o 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 commumty hos-
pital setting. A study of a modular appmach to imple- -

menting an HIS also was undertaken.

A modular "approach to jmplementation of a
hospital information system_was offered to an as-
sociated group of hospitals. They were given the
opportunity to test various modules and link them
together. Certain modules such as admissions were
successfully implemented on a stand-alone basis.
Other modules required the synergistic linkage to
other modules te make them cost effective. Imple-
mentation of all modules on a hospital-wide basis .
did not prove feasible dut to the failure of the
administrator to get firm commitments from all
of the depdrtinent 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

3|
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patient care as meastired by more readily Available,
more complete, and more agcurate information used
for providing care and for monitoring patient prog-

s+ ress. The tuncliness of the administration of tests
Cand procggures improved with the better communi-
cation and coordination among nurses, doctors, and

supporting departments using the systein (Barrett,
HSM 110-73-331).

A survey of automated 1edical

'\(unl)ul.mny care settings was completed and was followed

by a demonstration of a Computer Stored Ambulatory
Record (COSTAR) systemn at the Harvard Community
Health Plan (HCHP). This demonstration pointed out
the utility of the system both in concurrent review and

retrospective analysis of practice problems.

An intensive 1974 effort to identify nmhul"o:y
health
development 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 médical record should
be high. Of this latter group, only one site showed

care facilities that were in some stage of

actual cost savings that exceeded the cost of the

., AAMRS (Henley, HRA 106-74-118).

There are”"two HCHR COSTAR concurrent review
programs in routine opegation. The first identifies pa-
tients. with a positive thrgat culture for Beta Hemolytic
Streptococer for whom the record fails to indicate ap-
propriate antibiotic therapy. If there is no record of
therapy four days after apositive cultyge, the provider iy
notified automatically. During the 12-month period prior
to using the program, about eight percent of the records
which had a positive culture did not contain a record f
antibiotic treatment. In the last seven months there were
only three cases in which thexe was no record of appro-
priate therapy by the tenth day after the positive culture
(Barnett, HS 00240) .

A similar program follows ,p;ni(‘n;s with newly dis-
covered hypertendien. Provider-generated criteria specify
that within three months of an initial measurement pf
a diastolic blood pressure equal to or greater than |
a patient must be re-evaluated. If* the pressure is still
clevated, the patient must| be .evaluated again..within
three months. If still clcv%tcd an appropriate set of
tests must be obtained to identify the cause of the hyper-
tension and extent of the disease process. ‘The program
is executed every two months to monitor confor mity to
the standards for patients who had an initial elevated
diastolic blood pressure identified six months prior to
that time. In cases which fail to et the standard, the
provider is notificd 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 patient 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

record systems in

~—searches were quickly made by thie Harvard Community

Health Plan for the following (Barnett, HS 60240)

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

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

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

1. A listing of (hll;fln-n with incomplete immuniza-
tion records. -

Sorue effort has been wade by the NCHSR to explore
the extent to which computers might function to relieve
sonie of the burden in the labor-intensive settings of the
Coronary Care and Intensive Care Units. Rescarch re-
sults sugg(‘slcd‘ there did not appear to be significant
Iproveents in many instances. 'l‘ll(‘t‘(‘f()r;:,'guidolines
\\’(‘I‘("])\I'(‘l);l.l"(?(l to assist deciston nmk(‘m‘in _the.s('l('(‘tion
and expected benefit from this kind of ins'ml_lnti?n.

N
The controlle slu&y in the critical care unit
.showed no significant difference ‘g morbidity and
mortality bbtween the cxpcrim(‘nt;l group receiving
computer-aided therapy and the ‘vontrol group as-
sisted using chnventional techmques, although the
data show that the simoothness of blood pressure
sregulation and the pattern angd amount of blood in-
fused was improved. in the experimental group
(Morgan, HS 01472).
The “Guidelines for
permit the hopsipal adminis-

Cowmputer-Based  Patignt
Monitoring Systems”
trator, physician, nurse, and board member to weigh

", the need against costs in money, time, space, and
stafl,
is needed and, if so,_;whi(‘h ond (Wechsler,

110-70-406) .

permitting them to deteriaine if a system

HSM

One of the carliest attenapts by the NC HSR to help
the provitler of health care cope with the ine reasing de-
marids for services was the development of an automated
system to acquire, iuterpret, and report electrocardio-
gramg TECG's). ' .

In August of 1972, when the 3-year NCHSR con-
tract to demonstrate a commnumity-wide computer-
' assisted ECG sysgrin ended, the over 20 participating
Denver area hospitals elected to_continue the paoj-
ect on a fee-for-service basis. In 85 percent of the
gases,  Denver-areay electrocardidgryphers  agreed
with the computer printout and made ecither” no
anmendment or only minor amendinents before cer-
tifying its validity (Elliott, HISM 110-69-414), .
By 1977 over 2,000 hospitals and an equal num-
ber of clinics and physicians' offices had adopted
the (computer-assisted EKG) technology, primarily
through telephonic linkages with national and re-
gional ECG service companies (Drazen, HIRA 230
75-212). |

-
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A similar effort to automate the flow of information
in the 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 ma\nagemcnt, de-

. partrent recortkeeping, tadiology management,
and patient scheduling and billing could be con-
puter generated in an information managemegt
system acceptable to both the patient and the pro-

vider (Lodwick, HS 00646). . ~

The CLIP (Coded Langliage Information Pro¢-
essing) system of computerized X-ray reporting was
developed to permit rapid retrieval of medical in-
formation from the vast accumulation of radiologic
report files. Such files are now stored using a classi-
fication code, repres:anting about a 90 degree reduc-
tion in storage space, or the equivalent of storing
on a single disk tHe 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 inclided efforts to automnate the
white blood cell count, pr(')vid/cdiscrcte sample handling,

sul :

- and speed the reporting of results.

o
Nationwide ‘over 100 million diﬂlrenti"]‘whitw:
blood cell counts are performed annu.\lly at a cost
in excess of 250 million dollars. ' The lufts New
England Medical Center plototypc automated cell
counter will handle up to 80 percent 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, lmpmved quality control, and reduced
" manpower requirements (Neurath, HS 00696) .
The 1974 Conn
- on hospitalgcosts per laboratofy work unit showed
' the clinical laboratoy at the Yale-New Haven Hos-
pital, despite its national rcognition'for high quality’
control, the lowest in the state at $.08 per Unit
compared to $. 10 to $.12 per unit for other hospi-
tals in the state (Sellgson HS 00075). /
The Youngstown Hospital Clinical Laboratory
- System, developed over a six-year period with
CHSR research monies, now provides routine
clinical service to a consortium of three area hospi-
tals. Tt is accessible via an inexpensive ($50) adapter
to a standard -touch-tone telephone by all referring
physicians who receive the lab results by computer-
generated 7 “voice answer-back.” " Another feature,
-“Auto Call,” phones the physician at the instant the
Jab results are available and by computér-generated
“Wyoice answer-back,” urges that the results be used
as quickly as possible in the hope of shortening the
patient’s stay (Rappaport, HS 00060). '

‘Some effort was made to iptroduce automation into
the private practice setting., Two projects, CAPO and

EKC

wll Toxt Provided by ERIC 'Y

ticut Hospigal Association report -

physician office activities.

On-Line Medicaid Claims Billing, addressed various

A

The assessment of the utilty of Computer Aids
in the Physician’s Office (CAPQ), shows that the
most cost-effective way of providing computer serv-
ices to edical office practices will be ‘through small
stand-alone systems rather than through in-office
terminals- supported by a remote service bureau
(Castleman, HSM 110-71-244). _

Medicaid billings were entered on-ling from the
physician’s office using a standard Touch Tone tele-
phone equipped with an inex{ensivc Card-Dialer.’
‘The data were immediately checkgd by computer-
generated - 'voice answer-back” for patient eligi-
bility, appropriateness of the charge, and ' confirma- )
tion of the diagnesis 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 nachine-readable foxn, resulting in
improved cash flow for the physician and reduced
costs of data preparation and-audit by all parties
Mesel, HSM 110-71-252).

Another major area of activity of the NCHSR has becn

“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 iny caring for patients with urinary tract infections,
by MYCIN that assists in antibiotic selections, by Moni-
toring and Evaluation of Drug Interactions, by a Phar-
macy-Oriented Repotting System (MEDIPHOR) that *
s of potential drug interactions, by CARE that
the provider in the management of certain criti-
cally i\l patients, and by HELP, (computer program to
help physicians) that addresses a much’ wider range of
practice problems.

dé .

For eacl one million population, 200,000 sets
of electrolyte determinatibns per year are performed
at-a cost of $2.5 million%, in Boston $7.5 million
are transferred from patiénts and .third parties to
laboratories and Iu)si)ita]s as payment for these
" deftrminations. In the non-university-affiliated hos-
i)itals, approximately one-fourth of the measured
clectrolyte values were markegly abnormal. When
the charts of these patients were examined, half.
showed evidence of significant misinanagement ac-
cording to “the conservative criteria used (Bleich,

HS 00188). -

* Testing the (Electrolyte and ,acid-base evalua-
tion) computer program using board examination
nephrology questions in the American College of
Physicians’ Self-Assessinent Examination, a previ-
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;out a previously estabhshed protocol,
;

RIC

2. ' .
ously. lllllh\lll(‘(l-lll(ll\l(llh\] was aple to ou(]wnform
98 pereen of |)||)\u|m\ who consider kidney and
(I(\(tml\tv disorders 1o be their area of special
HS 00188) .

Urhii ary tl.l(t Infections m women are a (()lnnmn

Cmtepest (Bleich,
impmt'mt medical problem for” which profegsionil
he |l’ 15 some nmvs un.n ailable and always expensive;
these infectiong are (n.ltu.lll) treated and poorly

An

the basis for h(lpmb he |mt|( nt from the tine she =«

understood. by active Lomputer can pmviglv
presents with dysuria, Llnmu,h the generation of g
preseription for therapy, to a seriess of follow-up
sessions that check the safety and effectiveness of
< the treatment (Bleich, IS 00188Y. I
" The MYCIN (artihicial intelligence ) program s,
«_ofinterest taccomputer seientists because of its novel
()l'g.’n\i};ltidll of climieal, pharmacological, :\I}LI nmero-
brologital knowledge, its metlbds for acquisition of
new inf(‘r(‘m‘nl(‘s, its use of the khowledge to give
advice, and its ability to (‘\'|)I'|iﬁ‘ tllv reasons for its

HS 15 H) N

(l( cisions (Cohen, .
Although no eflfedt m»lonn?h nI \t v could be seen,

the MEDIPIIOR _(-\'.llnutmn study did deteet som®

mportant and statistically/ significant. changes that

can be .mnhnu (l to the sysgpem: the nunber of
preseriptions p(l |)Nu nt was reduced by l() pevs
cent, the ate of mteracting pu'\(-nptmns b)

pereent, and the pereentage of |)m( nts” N‘ul\nu? -

more than one interacting pair of  preseriptions
dropped from 3 percent to 2 percent (Cohen, TIS
00739 ’

Using measured and, deriveds |):l\';llll(‘h‘lss.‘ll)()lll‘I
the individual patient and the divease state,
CARE
Hospital supports the ;ltt(-‘n*?,g |)|l)'$i('i;l?l by 1ec
mending the appropriate therapy for the ('ritiv;nm

cardho-

T
system developed bt the Buffalo” General

patient suffering from bans, tranma, or

vascular-respiratory shock (Siegel, HS-01195).
Fhe ability of the HELP system implementgd

the Latter-Day Saints (LDS)Y Hospital i Salt Lake

City to generafe data for analysis of medical practice

nny prove to he s most valuable feature. Because
the system mtomandcally reacts to each pew data
entry and examines it ‘in the context - of previous
datacon this gatient according to rules specified by
the médical logic stored in the form of decision
criteria, the appropriate medical knowledge can be
promptly brought to beaton each patient’s problem
(Warner, IS 01053).
?

A_rmnprvlu‘n.\'i\'(‘ attempt to guide the physician in
caring for his patient is enbodied in the Probletn Ori-
ented Medieal (PROMIS) This
system contains an’ extensive body of medical knowledge

lnfm'mntinn Svstenn.
can access in the coutde of ordering
and recording care transactions. Another. nsing
protocothtsed remainders prompts the prov ider to carry

»

that the provider
s\\t( m

PROMIS was designed to solve four important

-
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with unmhn) .Mm) disease, and tlw mhvmne’p‘ﬂu Nty * c
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'

lack
O

excessive rehance on memory in the “de-

])IOl)l(‘ll;‘i existing in the practice of medicine:
Tol eoordination smong those who suppl) care
e wients
fivery of care;
servations were Rude or sprtific actions taken; and

lack of feedback loops, which precents the use of

lack of 1((4ml((| reasons why ob--

|)m( nt nlf(mnmnn to nnpr()\v tlu“(‘n(‘ of an in-

dividual |>.m«m Through its requirements for ext
ess and ats coupling capabiliy, PROMIS not
only Points out those areas which require coording-

tion between heafth (.m’p(-lm)nml it also reveals

) whereosuch teamwork s lac klm, It collaies and

N

recopds all daty according 1o the relevant medical,
prablems ‘so that e l(h medical services provider
aware of the reason for thesservice and how it re-
laies to the tagal medical care (Weed, TS 00175,
HRA 239-76004949) . L

The res@lts of this study. are nm;t consistent with
that the Amount of diata pre-
sented. to the physician per unit tnnv is more than
the cotaputer, aug-

the mitial Jl”)(—)lll(‘\l\
he ¢an. process without error;
ments the physician's (.w.(hllm(‘s and thereby re-
diices ‘his evvor rate (MeDonald, FIRA 106-74-18,
Hso0248%y. o, ’ r *

Awdhrhb\ (lw'N'(.HSR ln oy |)lm(‘ thc f(a\dnln)_ pf
usmgm*‘:h ved clinical ex p(m nee o m.m.u,t‘ ‘yat}

A

(I.it'\b.xn}.s one ‘with exte nsive (Inm.xl Haliy on patients . S

with lhb\\mm dN- wes.Both bf these qﬂmt\ lhl\{"llli-

portant implications fer lmpm\ ing (hm(\ll nr.nmg(‘l\u‘nt

-

.m(I reducing the costs of care, . t
> "+ What "is needed s @ nwthndo]()m which ' deals
i

with . the comple \l})’ of chronic illness. one which
ties the output of “clinical researeh to th(‘ care® of .
inglividual patients and one xhuh\prmul( the best
swith more

wity to validate chinical obstn

clinical observations, Carefully “collected data in the

gtmns

comtinuously growing infoymation base at Duke
Unwversity showed that thel additione of m(wa
ticnts to the subgroup previously reported as having
a higher survival if treated su wically (aortocoronary

bypass) failed o confirm that obsekvation Rm-ltl

HRA 230-76-0300). =~ )

Although various studics previously found that
many heart attack patients can he discharged safely
_carher than has been the practice, the Duke Univer-
sity study is” the Iirs't'to suggest that discharge can
safely be made as early as seven days after the heart
attack. Early discharge of the heartsattack patient”
could save the patieny dr his health insurance l)l.ln
$1.500 d}o_$2.000 dind, if practiced widely, could |

save ‘]HG() nullmn off the N\nns annual “metlieal
bill (Rosat, HRA-230-76-() 100). !

.
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The American Rheumgatism Association Me (h(.ll ¢ ‘\
Information System (AR/\MI%) maintains gloup "

» of nine -parallel-databanks accessible thrpugh a™na-

tional communication network and contgfins data on
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over 6,000 patients, 30,000 patient visits, and 10
million data items covering 19,000 patient” years of
observation by 37 mst‘l}utmns The databanks were
developed for particular institutional strengths, Ex-

mective tissye diseasg, -epifiemiology, juvenile arthri-
. tis, myositis, systernic lupus erythematoss, commum(y'
: practlce of rheyanatology, adult arthritis, ret onstruc-
- . tive surgery, scleroderma, SLE,’ myositis, and Ray-
< . naud’ sphenomenon (Fncq HS 01875).
g, r
A cluster of exploratory prolects examining the utility
of a vahcty of telecommum(‘anons techniques in rural
ahd urban health- care settings has been (mdmnkt-n by
. -the N(;Hbdi The e)q)eh(‘me gathered ﬁom du-se activi-

ties was incorporated intv a handbook. ‘.’ .

v - NCHSR -supported research in the use of telecom-

“cine improves comimunication bctween h(-ahh care

facilities and facilitates the tramfmx of patlents be-t

+ tween facilities having varying levels of medical
' expeltxs(‘ It also can b2 equally effective in avoidmg
‘ unneqessmy‘ patient transfers (O'Neill, HRA 106~
. 74-182). \

. ®
~ The bi-directional Cal;}y TV systt‘nx linked the
) group practice, its satellite clinic, and the,110-bed
2 Wacomia (Minn.) hospital. ‘The physician in the
-~ ’geographically isolated clinic was able to ‘visit®
with his hOb])l(dll?(‘d patients and “attend”
gencies, without closihg .the clinic and depriving the
rural area with needed primary care’

(Wergpner, HSM 110-72-386) .

cmer-

services

- _ similar to that used to send pictures from the moon,

e e

amples of these orientations are databanks for con-

] nunications technology demonstrated that telemedi-

THe Nebraska project used slow-scan television, -

< : ’ v . .
Al [
. - .
r . 3 A R K . .

to tranamit X-ray images from rural hospitals to the
Nebraska Medioal Center. The availability of expert

a radlologlc advice resulted in the immediate transfer
_ of some patients who suffered 'from conditions more

serious, than suggested by the admitting~diagnosis
to the University Hospitil with its specialized faeili-
tics4 Wibksan, HS 01210),

In the East Hmlem cable tdcvn!lon pmject,.nl-'

most 80 percent” of the neighborhood clinic’s tele-
vision consultations were . sufficiently complete to
avond having to s’nd e children to the orthopedic
clinig-at the Mt. Sinai
shn{l HSM 110-72-382, HS 01392).

In Cleveland's Case Western Reserve University

.I‘IDS})ltal, expext pediatric gonsultations were.made
available, using t elgvision, to a small inner-

“ city hogpital. 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 or problems with thE: nursing staff. A second
link enabled the UmVemty “based anesthesiologist to.

proyide back-up support to the nurse anesthetist at
another remote hospital (Gravenstem HSM 110-
72.383, HS 01390).

The analytlcal tools that cal.parrow the range of
R&D) projects and field trials nedded are discussed

1 “The Telehealth Handbook: A Guide to Tele-
communications Technology for Rural Health
Care.” The Handbook provides infdrmation to po-
tential users of the technology interested in initiat-
ing a télehealth -project' a%kcusscs a range of
technologies from expensivétiteractive video and
computel-supported systems to the inexpensive nar-
rowband systemns using standard telephone equip-

ment (O’Neill, HRA 106-74-182).

RN
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Inpallopl care support system

.

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 from 1970 to
1975 even though wage and price controls were in oper-
ation for the-hospital industry for approximately half of
this period. Since 1950 the cost of a hospital hed day has
risen more than I,000 percent (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
of assuring acceptable quality of care. Policy-
eing growing evidence that current trends are

neW\ w.
makers

causing over-utilization of some resources and under- °

utilization of others, are seeking improved methods for
perfbrink medical audit and utilization review.

The NCHSR'Technology,rProgi*am has sl(pported, di-
rectéd, ahd coordihqted research directed at applying

_ 'corillputer ‘tech'n?logy to improve the quality of inpatient

care while reducingor éorftaining its cost, with special

emphasis ohfappli(;éltions‘_' néerned with information

processing. 'I':he preas of a Hospita) most affected include
the nursing. areas (where cdre is delivered), ancillary

support departments (e-g,, clinical_lébqf)ratoxy) , manage-

ment _ (including business ¢ffice), gmergency care, and
" spgsralizéd applications suc’as ftomated patient moni-
AFing_ in intensive care units, All ~of these applications
j iﬁvolvp ip'forgflati'gn vagéss_ing. .

‘The mair;"thrué,t of the Inpatient Program/is to evalu.-
ate and demonstrate new’ applications for existing tech-
nology. Only (}E}ativ.ely\minor system development efforts
are curren;ibeing supported. A¢ interest in these sys-

tems grows f the hospital community, NCHSR feels the

' 'respbnsibili'm‘—to\;‘pfééide the user community with re-

search- data’to énable them to develop effective guide-
‘lines and recomimendations concerning the acquisition,

D { implementation, and operation of this technol’,~

Thc principal components of the inpétient effort are
@os_)pi,ta! 'ir);’;krmation systems, clinical laboratory systems,
“radiplogy:$ystems, computer-assisted electrocardiography,

patfent-pnénitoring, and emergency care, T

/

P .
. o> ,

* Hospital information systems. It has been suggested that

the primary reason for the rapid rise in the price of
hospital care is the willingness of patients to pay for ex-
pensive care (and doctors to order it) because insurance
now finances a much larger share of those payments
(Feldstein apd Feylor, 1977). Whether high prices are
due to inappropriate use of medical resources, which is

. encoursiged by present insurance practices, 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
dirtcted towards helping the hospital industry becorﬁ
more efficient, while maintaining or improving the qual-
ity of the care it delivers. A promising tool for achieving

. these erids appears to be the Hospital Information Sys-
‘tem (HIS) (Hodge, 1927). ./

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 reduged and at the same time the sched-
uling of personnel and services can be made more effi-
cient, considerable saving? in the overall costs of hospital
care would be achieved. Hospital Information Systems -
also support activities such as \tilization review and
PSRO programs which are aimed ‘gt reducing inappro-
priate and unnecessary services (Jacobs, 1976; Schiitz,
1976), and provide improved patient care. processes
(speedier reporting of laboratory results and reduced
medication errors) and more easily retrievable medical
information "(surgical abstracts of pertinent new pro-
cedures). The NCHSR used the results of early projects
which helped define the problems (Garrett, PHS 108-66-
299; Kittle, HSM 110-68-47) tesdevelop 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, reporting and recording. The other approach
was to demonstrate and evatuate modules (laboratory,
pharmacy, etc.) op a serial basis with the"intent of even-
tually linking up all the modules st the nursing stations
to form a comprehensive hospital information system,

Although modular implementation initially seemed to

1yq
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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 110-70-368)
suggests that the comprehensive systemn implementation
may be the better approach. In 1971, NCHSR awarded

a contract to El Camino Hospital, Mountain View, Cali-

fornia to implenient and demonstrate a comprehensive
HIS (Gall, HSM 110-71-128). A second contract was
awarded to Battelle Columbus Labbratories to perform
an independent evaluation of the lmpact of the system

on the hospital (Barrett, HSM 110-73-331). Based on-

B :
results of these projects, a nuhbergfcoiglusions can be

. drawn: s
. -

1. HIS systems can be exported to different types of
hospitals (Hodge, M.LS,, 1977)..

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

3. The h()spital'connnunity is poorly informed about
this technology (PuBois, C.AF.1.AM.LS,, 1976).

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

5. HIS provides a variety of benefits to the hospital,
medical staff, and the patients, 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
(Techpicon 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 Information System (PROMIS)
at the University of Vermont (Weed, HS 00175; HRA
230-76-0099), a system which will have the message
s_w,itching capabilities of the most advanced HIS plus
several innovaiive features including total medical record
! storage, a sophisticated medical care guidance system,
and an exceptional data base from which to perfortn
utilization review and medical audit.

Hospital Information System implementations  will
sharply increase during the next few years. If the largest
2/000 hospitals in-the United States were to acquire
comprehensive HIS’s it is cstimhted\t‘hat a market in
excess of $2 billion would have been treated. Current
commercial investments in the development of HIS ap-
pear adequate; however, Govermmitnt support for the
development of new approaches to medical care (e.g.,
PROMIS) is needed and the NCHSR hopes to continue

to support such activities. :

The amenint of objective information on HIS technol-
ogy and the benefits that can be derived is almost non-

Q

N

existent and, with the exception of the El Caming Hos-

_pital project, there have been no objective studies under-
taken to evaluate HIS in operational settings. Activities.
aimed at educating the user commumity (hospitals) have
been too general and not parti(‘ul'nrly objective (much
of the information has been provided by the vendbdrs);
consequently, our future HIS activity will focus on edu-
cating the user community and evaluating the technol-
ogy. A primary emphasis in the education process will be -
the proposed develophinent of a HIS handbook for use
by hospitals, a looselenf 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 eval.
uation area new studies of the ‘scope, time, and cost of
the El Camino Haspital project probably will not be
launthed. One new evaluation approach ¥mder consider-
ation would define potential benefits, including measux-
able cost savings based on existing and anticipated in-
formation processing requirements. Actual benefits could
be documented after a reasonpble time following system
implementation. Another approach wguld 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 tésts
are made per year in the oyer 7,000 independent clinical
laboratories, 7,000 hospital laboratories, and the esti-
mated 88,000 physician office laboratories.

In the last 10-15 years, demands placed upon health
care facilities to provide accurate and rapid 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 directly” with information systems that process
mnassive quantities of data and'rel;orts, and keep accurate
records of medical, statistical, and financial information.
These systéms effect systematic organization of laboratory .
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 Thufts-
New England Medical Center prototype, automated,
interactive computer system for differential white blood
cell counting (Neurath, HS 00696). At Yale University,
a discrete sample 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 laboratofy costs
(Scligson, HS 00075). ) 2
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At the Masshehusetts General Hospital, a ||1()£h|1;\|‘,
computer-based laboratory information system has been

developed that is one of the largest in the United States

(Bamett, HS 00240). The boratory computer system,”

‘programmed m MUNMDPS Linguage, includes the follow-
g (1) aile-onented information processing subsystem

lor recenving specimens, preparing worksheets and lab-

oratdty test reports, answering test result mquuries, and

providing acconnting and statistical veports for nuanage-
ment; (2) on-hne support lor a wvariety ol temnnal
chsplays that permit nmltiple nsers to perfornm multiple
functions simmltancously; and (3) an interactive ca-
|);\|)if|!y with 1apid response time that aciilties quahity
contrel through the ill\]ll('tli;\((- detection and feedback
of errors, .

At the \'mmgstm‘\‘n Hospital, a computer-hased climical
Laborator¥system has been developed (o thiee hospitals
that share clinical Liboratory services (Rappaport, HS
00060Y. Over 25 chemieal and hematological testing in-
struments are mterlaced with the conuputer system. In-
expensive Touch Tone key pads allow physician users to
order tests and obtain the resnlts by computersgenerated
voice answeg-back as soon as they e available. A further
relinement, “Auto Call)” automatically telephones the
results of tests to the doctor at the waml or at his private
othee ontside the hospital as an enconragenment for hun to
begin ticatment or discharge the patient sooner and
reduce the hospital stay.” A current stidy 1s nwvestigating
this interval between the time the physicim receives
such information and the time he makes patient man-

agement decistops. 2

.

Radiology. Radiology is one of the most costly of health
services, with over 2410 million X-rays recorded annually.
One ol the mare prominent problems in radiology is con-
cerned with the aeporting and recording of the radi-
ologist’'s X-ray interpretations. {n conventional systems,
according to the Amenican College of Radiology, over
9 percent of all int(‘rprrt:\tim'is are dictated. The radi-
ologist dictates Mis findings in%o 2 dictaphone “and a
typist transcribes the report for his later review and
signatire. Experience in various hospitals indieates that

it takes one to five days to produce this report and get

Athe mlormation to the referring physician, Automatedr

computerized  radiology  reporting systems  that reduce
the thme to produce standardized text reports are com-
merctally  avatlable. However, although  these  systems
reduce the time to didtibute the Xeray report, they place
addition:l burdens on the adiologist.

The University ol Missourt Autonated  Radiology
System (MARS) was developed for computenized man-
agement of dictated reports, scheduling, and film tiack-
ing. It recently has been extended o provide on-line
N-rmay iterpretation reporting by use of computer ter-
mimals displaying a set of " possible alteratives-elated
statemdnts, The radiologist types i a number corres-
ponding to one of these statements and is given the option
to elaborate -on these statements by requesting a further

list of choices. Thus, the radiologist constructs his re-

‘|)m't directly on the CRT Rerminal, and the report is
stantly available at all the wards, (‘.m‘rvnﬂy, 70 per-
cent of the mdiologists use this system instead of the
- traditional dictaphone. MARS iy also used for manage-
ment ol the activities ol the sadwlogy-department. The
system schedules patients (resulting in less waiting time)
,and keeps track ol Xeray Gilim. "This s hcecomplished by
having clerks type the ippropriate information into a
CRI tevmmal. Schedules and films are marked by Lar
codes (sinnfar 1o those nsed in supermarket check-ont
stands) and a light pen is swept across the bar code in-
stantly veading and recording the data {Lodwick, HS
- 006:16). ' ' : -

An American College of R‘;\‘(linlngy—|)r'0jv('t at the
Univessity of Arkansas, developed a Diagnostic Radiology
Information Systein (DR]S) which allows the radiologist
to dictate lis veport in the usual way, bt meludes a
computerized 1etrieval System that assists the radiologist
in his alrrent interpretations by retrieving old repoyts and
displaying them on the CRT. The system eatalogues
reports dising o standard radiology thiesanrns, operating
simitlarly to an on-line  standard libvary-type retrieval
system. Although nsed at the University of Arkansas, it
did not find aceeptance at other hospitals (Barnhard,
HS 005625) .

At the University of Vermont, a radiology reporting
system - has been integrated  with  the  computerized
Problent Oriented Medical Record System (PROMIS) .
The radiologist interfaces flirt‘ctly with the terminal,
entering his report by sclecting with his finger the ap-
propriate phyase or descriptor displayed on the “touch-
sensitive™ CRT sereen. Many thonsands of CRT display
frames have been developed for this pivpose. Fhe sys-
tem has not heen tested ontside of the University of
Vermont (Weed, HS 00175, )

The Framingham Union Hospital Rapid ‘Telephone
Accgss System consists of a bank of tape cassettes into
which the adiplogist dictates his report. The referring

physician then ean acgess the report by telephoning the

cassettes. The system has not beeny.aeceptable to radi-
ologists hecanse of the waiting time \t() access cassettes
by telephone and becanse the system does not allgw the
compilation of statistical and other time-related |¢§|mrts
(Weintiaub, 1S 01508).

At the Massachusetts General Hospital, a radiology
subsystem: has been integrated with the computerized
medical record system. A 1974 study, using 7,000 X-rays,
required  the vadiologist to seleet chotees on the CRT
terminal with s light pen. The frames were arranged
wsing a hievarchial, branching tree logic with important
interconnections between portions of the tree to avoid
the display of unnecessary material. Each choice led to
another display frame which permitted  the entry of
‘modifying teris. The adiologists tried the system for
nearly o year, but never aceepted: it beeanse of the re-
luctance to use the ('mnpnt(‘} termnalg Tt is important
to note that this syggem was not integrated into the
COSTAR medical information system developed for the
Harvard  Community Health Plan ternunal  (Barnett,
HS 00210)

I
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A Temple Univensity evaluation of the Rafliology Re-
porting Systein (RAPOR) showed that even though such
"systems are cost effective, they will not be widely ac-
cepted by radiologists because of the time needed to fill
in mark-sense cards. A compnterized interactive schedul-
ing system, Temple X-ray Scheduling S'I‘EMPLI_‘}X)
also was evaluated, and although there is still competi-
tion between inpatight and outpatient desks as to whom
should be put in dvhat room, the system has been ac-
cepted by the hospilal because 1t reduced patient waiting
twue and incheased throughput (Shea, HS 01566) ,

At the Beth Israel Hospital in Boston, 5'shorth‘hnd
(loded Language Information Processing (CLIP)s ys-
tem has been dvvclopvt! that allows the radiologist to ty\pc
1 or 2-digit codes directly into & CRT terminal. Eagh
t

code produces a standard paragraph of the X-ray repo

on the screen, so that only the bare minimumny time of the
‘rachiologist is required. The menu of codes 'and - other\

choices presented-on the CRT terminal fordes the radi-
ologist to input terse, structured information and makes
the information more reliable and retrievable. ‘The systemn
currently is under evaluation, In a second project, a
voice-actuated system in whichthe radiologist’s voice is
encoced and serves as a direct{input to the (‘.;;om'puter is
being developed. Since dictatiok is the prcf(‘.rrdd method
of reporfing by nearly all radiglogists, the voica-actuated
system may be more acceptable to them and still permit
“the report to be instantly available to all parts of the
hospital (Simen, HS 02099). . ‘
Coniputer-assisted  electrocardiography. The  {2-lead
resting electrocardiogram (ECG) is the mnost widely used
of all medical procedures in the prevention, diagnosis,
and txi\tmem of heart disease, and current estimates of
its use hpproxiinate 80 million tests performed each year
at an annual cost approaching {wo 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 deliveyy settingsl. Barriers to its
earlier adoption included computer costs, an inadequate
(high noise) telephife system, and the bulk and cotn-
plexity of special @cquisition equipment required {o
record an ECE for computer analysis. Private sectdr
R&D investinents in digital recording and transmission
techniques, (not specifically addressing health care de-
livery needs) were largely responsible for overcoming
these barriers. Since 1969 the private sector has continued
to absorb the major costs __as‘isociat'ed with system ‘“‘pack-
aging,” huinan enginéering, 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, TAA 0003). Be-
tween 1969 and 1973 NCHSR distributed over 400
copies of its ECG Analysis (ECAN) program to health

-
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care institutions. Widespread-adoption of the technology .

really did not begin until 1972; however, the rate of
growth has been 'about thirty to fifty percent per year
over the last few years. It is doubtful that commercial-
izntion and diffusion would have occurred as rapidly with-
out early Federal”support. ‘»

The major' benefits associnted with the computeriza-
tion pf electrocardiography are usually -reported as ré-
duced turn-around ,time, increased accuracy, mproved
quality of tracings, and increased access to ECG services,

" although one epidemiologic study reported an improved
" djagnostic capability and a 1976 survey reported some
Y .

bua

cost containment. .

In a follow-up study, the .5-year 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 papcr“ tracings ‘the

cardiologigts 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 decreasg in cost
and reimbursement charges. This probably will take
the forin of cost containment; that is, cardiologisty’
fees will not rise as rapidly as inflation. This effect

\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 automation

(Drazen, HRA 230-75-212). .

- AN

When the- above data are combined ‘with data from
other manpower utilization studies, they show that the
use of Computer Aided Electrocardiography (CAE) re-
duces the average reading timne 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 im-
pact of shifting this 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 estithated that over 100 million
electrocardiogramns will be taken annually and 1,500
analysis centers will be in operation in the U.S. (Frost
& Sullivan, 1974). .

One of the recommendations speciﬁea at the Amerigan

College *of Cardiology Conference’ “Optimal Electro- -

cardiography” (April, 1977) was that every adult Ameri-
can should have an electf?cardiogrﬁm for the purpose of
providing base-line information concerning their cardiac
status (Dreifus, 1978). Federal incentives are not needed
or desitable to enhance™urther diffusion of this tech-
nology, a¥d certificates-of-need requiremnents are not likely

to have a negative impact on the expected diffusion of .

CAE. The targeted market for the next five years will be
& x..""
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the sialler hospitals and physician offices that are more
likely to contrnet for the sexvice on a y'per ECG analyzed”
basis rather Yhan pwchase an analysis system. However,
the rapid diffusion of computer-assigted electrocardi-

ography, has egiphasized the need for mational stand- -

ardization of diagnostic criterin and interpretative state-
ments, and the establishment of a data base for further

ECG research. There s a need for-a service

1960's and early 1970°s, NCHSR suppor{ed (l\l' demon-
stration and evaluation of computer-based  airtomated
patient monitoring systems” designed to aid nurses and
physiciaus in the care of critically ill patients by providing
continuous  or intermittent monitoring  of physiological
parameters. The specific monitoring capabilities of these
systenis are deternmned sontewhat by the type of patients
being cared for; lowever, all 8f the systems monitor the
basic variables such as blood pressure, heart
temperature. Certain specialized  systems are available
that monitor
rhythnnas. It was assumed that these systems would
increase nursing productivity and improve  the  quality
of care. Productivitg would be increased by reducing the
need to repeatedly observe and records manually pleysio

rate,. and

respiratory  parameters and cardiac ar-

continuous monitoring of physiological data allowing
one nurse to care for more patients; quality of care would
be enhanced by the continuous monitoring of the physio-
logical data, allowing the physician (or frurse) to 1nore
accurately assess the status of the patitnt.and be fore-

~warned of mupending crises. Vendors marketing auto-

mated patient monitorjng systems offer desjgns ranging
from relatively simple systems that measure the param-
eters listed above, to rather gsophisticated systemg th.\
can automatically infuse blood, fluids, and drugs, and are
controlled by prlysl()logual demand. In 1975 there were
approximately 30 systerus in operation nationally. Cur-
rently, there may be twice tha®humnber and the market
potential is estimated to be two thousand units at a
total cost of $200 million (Wechsler, HSM 110-70-406,

“1975).

Automated ‘patient monitoring activities-nitially in-
volved system demonstrations in several' 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 cxpanded to
include other systems which were not supported by
NCHSR. The evaluation showed that systoém costs vary

compare  exigting  or - contemplated  CAE

progratus. - vV
. . v

Automated patient ’miuiring systems. In the late

logical data, quality of care would be enhanced by the.

*»

considerably depending on the configuration, but gen-’

erally rang(; 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 |cqum‘d to care for
patients was not reduced, although one system “allowed
the substitution of lesser trained staff (LPN’s) for more
highly trained personnel (RN's) (Wechsler, DHEW Pub-
lication-No. 76-3143, 1977). ) i

that \\'()l(lL‘ .
compyfter
r

Pl

. ‘ © A

Al(lmugh users have reported that the patient’s hfeﬂ‘\_

was “saved” by such gystems, there no definigive,

quantitative evidence to indicate the systems have ¢ lmliged

l\

overall patient mortality or morbidity. ‘The systems have
pflected physician and nurse behavior, and when used
in a feedback mode tend to standardize )m(im‘n care and
prevent (hﬂ\(hpﬁ often encountered during night shifts.
Further,
pil(l(‘ll(

the nutse spends more time “tending to the
wllecting and recording  data.
An evaluation at th¢ hospital of the University of Penn-
sylvania regorted that its system did not show a realistic
cost/benefu computer-aided monitoring  of
postoperative did not influence
morbidity ortnortality; and it did nqt significantly alter
al, 1977):
some benefits are derived from the use of these qysu‘mq,

and less  time

ratio for

cardiac  patients; it

nursmyy  activities  ( dm\m(ls,_(‘

it is not clear that this approach is a Judicious use. of re-.

sources for most hospitals. Guidelines for the acquisition,
implementation, and .operdtion of automated patient
moni(()ring systeris were developed by NCHSR. Stress-
ing the marginal udility of this technology, the guide-
lines also offer hospn\')ls determiined to acquire such 3ys-
tems, additional information on the best way to go about

it (Wechsler, DHEW Publication No. 76-3143, 1977).

tmergency medical care. Section 1205 of the Emer-
gency Medical Services (EMS) Systemys Act of 1973
(Public Law 93-154) and of the FEMS Amendments
of 1976 (Public Law 94-573) authorize a program of
“research i “emergency techniques, methods, devices,
And deltvery”” NCHSR is the DHEW organization re-
sponsible”™ fork administering this applied research effort
and has funag(l several projects which use ‘computer-
supported systems and nfodules for providing appropri-
ate care in life- tlﬁ(‘.nvmn& medical emergencies,” These
activities emphasize evaluative research, m(fudmg analyses
of the performance of systems and their components.

* Project results will be applied to current and future
operational EMS systems 1§ 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 paramedics),
the emergency facility (hospital emergency room), and
the inpatient care (intensive care unit and shock treat-
tent unit).
limited to the intensive care areas and to a lesser extent
the’ emergency room. Optimal nanagement of medical
emergencies occurring in the hospital includes methods
for early detection so that” appropriate action (t;‘iage,
diagnosis, and treatment)
‘manner. Atthe Latter Day Saints Hospital in Salt Lake
City, Utah, a computer-based system has been developed
for hospital-wide nionitoring which, according to fixed
protocols,
patients. It then uses these data to recognize patterns in-
dicating a threat to life and alerts the medical staff of

Iy

gathers physiol'ogi_(‘nl and chnical data on

Althou&h, )

The use of computers hzlls largely been

. 4 .
can take place in a timely
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i v Another .pldj(*(t strosses support of medical stafl In
Jthe critical care areas.
ion (CARE) system at the University of .
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patients who may need more intensive care and monitor-
ing before catastrophic conditions develop that necessi-
tate hemu lifessaving proc edures (Gardner, HS 02463).
Ilw system also provides lh(‘lllpﬂlll( msmnn(r (using
stored protocols) in the trentinent and management of
p;\tit-nﬁ in ihtensive care facilities, |

‘The Clinical Assessment Research
and Fduc
Buffulo is § consultative -aid not only for pmmnglcal
patients, Who often present the most complicated
metabolit problems and difticult recovery courses, j\'mt
also " many acute medical problems of an emergent
HS 01195). The system velates these
important probleths to the mmt recent literature as o

nature (Siegel,

“living textbook,” angl pmmm the ph‘)"{ﬁn( lan to gain in-

formation from, and communicate wi h, other.members

of the health care A nationwide time-shared com-
puter service now
the systemn.
Computers are being diTectively used for activities that
indirectly affect EMS systems in a project to develop a
computegized methodolgy for evaluating emergency medi-
cal care petformance (Wolfe, 'HS 02902). 1f successful,

this approach (‘(’Qll(l become a ' national resource for use

cain.
llows widespread and casy access to

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
mneans for measuring quality of care and for improving
care through educational feedback of audit results. The
use of computers in EMS systems is (“(p('(‘t(’d to increase,
along with applications aimed at improving the educa:
tion gnd effectiveness of EMS personnel. The new small

-and “inexpensive port.\blc computers should find wide

application Sn miobile emergency vans and as hand-held
devices to assist in procedures such as cardiopulinonary
resuscitation, and shock treatment.

2

Outpatient care support system

Much of the health care delivered in this country is on
an ambulatory basis. There are approximately one billion
outpatient encountefs each year or about four million
persons seen per week day, and the cost of pmvldmg
outpatient care consumes a major portion of the Nation’s
health dollars. As a result of rapidly increasing costs of
hospitalization third-party payers are enforcing increas-
ingly stricter reimbursement criteriafffor hospital services,
which in turn increases the demand for hc&‘h care serv-
ices delivered in already overburdened outpatient facili-
ties. “The NCHSR technology effort in Qutpatient Care
Support Systems provides support, direction, and co-
ordination for the cost- effective utilization of technology
that increases the quality and accessibility of outpatient
health care. A primary objective is to develop methods
for defining the need for technology, and adapting, and

i~
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utiliving exjsting technology. A secohdnry objegtive is

to develop specific technologies where existing—tech-

nologies canpot be uscfully configured or adapted to
ambulntory health care delivery requirements.

Certain activities hnva been initiated that rcprc?hnt
concrete: steps in xy\ iterative nppmach tnvachieve the
above goals. One of these activities is to continue the
dovelopmcm of technologies to meet high priority needb,
“such as the ‘shartage of health care manpower and the

incflicient handling of infgrmation. Another activity is
the careful analysis of existing outpatient syqtcn‘ in an
effort to prec isely identify apd define those, conditions

“that limit accesd, increase costs; arid inhibit high quallty-

- care, and that are potentially amenable to lmpm\/cmem
through- techgological approatlfes.’ A further activity is to
deyelop and inplement spegific methodologies for evalu-
ating current anq future projects. in outpatlent care to

etermine , whether the lntl’OdU(‘li%l’i of innovations has
produced some measurable benefit?

The main thrust in Outpatient Care Support Systemns

hm been directed towards the development of an auto-

mated ambulatory medical record system. This appeared
to be the critical activity and the one upon which the
remainder of thg plogmm might be built. Such a systen
would add% the major data and informgtdon process-
ing needs in the outpatient setting. It would also provide
a sound base from which other ambulatory services might
be introduced, such as the automated processing of the
electrocardiogram, use of computerized aids for physi-
cians, and use of telecommunications to extend the rc'u‘h
and improve thc level of care.

1

Automated ambulatory medical record system. Autos
mated Ambulatory Medical Record Systems (AAMRS’s)
have the capability of performing all or most of the
registration, scheduling, accounts receivable, and siedical
record-keeping functions necessary to opcratc'an am-
bulatory care facility. Since all data qre. stored in com-
puter-retrievable form, they are’ immediately available
to the health care provider to aid in patient rhanagement
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 progress notes, problem lists,
presenting syinptoms, diagnpses, and therapeutic inter-
ventions: Some AAMRS’s have _report, generation capa-
bilities that enhance the continuity of patient care and
facilitate quality of care assessments and utilization re-
view procedufes. A study of technology utilization in
ritel! health care strongly suggests that an AAMRS with
all offthese functions would assist physicians in medical
decision making and paticnt care activities and would
offer significant benefits in terms of the qualxty of patient
(Fifer, 1975). ;

"Although there are numerous medical billing sy%tems
on the market, the number of AAMRS’s that encompass
all of the above functions is significantly smaller. The

; )
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NCHSR #ponsored “state-of-the art report which identi-

fied approxifmately 175 AAMRS installations foynd>only
30 that performed the medical record function, and less

".than a dozen of these were fully operational (Henley,

175). Ap computer hardware costs continue to decline,
AAMRS!s will become increasingly attractive to group
practices, health maintenance organizations (HMQ's)
and ambulatory care clinics. However, unlike many other.
technologies AAMRS’s do ot generate adc\i}tion_al eye-
nues (as does ap X-ray machine); the capital outlay,
transition costs far emtering records that had previously

n kept on papeN and recurring operating costs must

absorbed into the charge for each patient visit or
s&vice provided by the ambulatory care facility. Up to

software /k/iissemination, technical assistance to adopting
institutigns, Gser group feedback mechanisms, enhance-
ment ol}" technical dcoumentation and user manuals, and
procedures for transferring the technology to private

" indusyry is under development. Plans to use COSTAR V

as the vehicle for introducing other technological inno-
’vatifzns into ambulatoryhealth settings nre)under con-
sideration.

Computer aids in the physician’s office. There is a
paucity of information in the literatuie concerning syss |
tématic application and evaluation of computer tech-

the .prescut time, the major -incentive for buying ay_ o nolégy in the private practice setting. In the early 1970's

AAMRS 'has been the automated billing function. Data
from another NCHSR AAMRS study indicate that the
costs of maintaining an #AMRS can be offset by reduced
personnel costs for the billing function alone, with total
savings resulting from increased_personnel productivity
projected at $90,000-$140,000 per™ year for a medium-
size group practice (Pickett, 1975).

AAMRS’s: improve communications between providers

" by making the mii'cal record more accessible, timely,

legible, and betts anized. Quality of care can be
audited nore easily and groupsg of patients “at risk”

identified. Unfortunately, many of these benefits do not
‘represent sufficient incentives for the physician to over-

come the large capital investment required. Other dis-
inccmivcs are concerned with privacy problems and the
structufed input requirement found objactionable by
somme practicing professionals. *

Computer Stored Ambulatory Record (COSTAR)
was developed by the Massachusétts 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). Interac.t_ive 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 gencrated in the
process of registration, scheduling, entering medical data

“and acceunts receivable /billing. After the NCHSR dem-

onstration ended in 1977, the system was fully supported
by HCHP from operating revenues. This success of
COSTAR at HCHP was largely responsible for the
intensified efforts by NCHSR to develop a less expensive
and more exportable version of COSTAR for applica-
tion in smaller ambulatory care settings. COSTAR V,
the result of an NCHSR Intrainural 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 both of these requirements
and fulfills all of the ipformation processing functions
mentioned above. A public domain version of the soft-
ware, written in Standard MUMPS, will be iinplemented
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

a demonstration of such’ applications, “The Automnated
Physician’s Assistant Project,” was implemented by the
University of Missouri in a s-ma!l rural elinic. However,
it was found that the technology had not advanced to
the point where it was useful in a clinical setting. Spe-
cifically, the costs were high, the response times too slow,
and the memory capacity of the computer too small.
Further, the instrumentation was cumbersome and com-
plicated and inadequacies of the telephone system caused
noise and signal interference problems that affected the
accuracy and completeness of the transmission (Lucas,

HSM 110-72-119). P

In 1972 NCHSR began a S—yeﬁ' project, “Computer
Aids in the Physician’s Office (CAPO),” that explored
the potential value of introducing existing medical ap-
plications (computer prograns) to small primary health
care settings. Ten such offiees, )scattered throughout the
northeastern United States, were equipped” with inter-
active terrminals connected by telephone to a Boston-based
computer. At each site the ¥nedical and administrative
staff was acquainted with the existing applications and
given the choice of impleme\ﬁng thein “as is” or with
minor modific&tion. As new applications were geveloped
elsewhere, they were added- to the list of choices. The
applications included scheduling and appointinent sys-
tems, medical history questionnaires, treatment protocols,
third-party billing and accounting systems, and various
medical consultation programs. The medical history

: ap))li(‘ations provided options sitch as General Medical

History, General Medical Questionnaire, Acute Screening
History, Questionnaire, Pediatric  Allergy
Questionnaire, Patient Education about Diabetes, .earn-
ing Disabilities Questionnaire, Ob-Gyn History, and
Patient, Education about Fertility. Some of the patignt
applications .were available in Spanish. All applicatl{ms
were developed in the Meditech Interpreter Information
System (MIIS) computer language? a dlalect of the
MUMPS language. The study findings supported some
of the observations of the Missouri group and questioned
others. The practices were most interested in the billing
systens, n]though each individual practice wanted a

system, “miodified” to suit its particular setting, a require- '
ment that was cost ‘prohibitive. The general practice
settings found the medical history applications very useful,
but the specialist settings, especially internal medicine,

Insurance
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it ‘was possible to

-

prefcrrcd the physician-patient encounter M means of
acqunmg phtient data. The hmmng 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 larg#y ighored
(Lastfelnan HSM 110-71.244).

One of the primary conclusiohs of the CAP() study,
was that such- computer program applications are not
likely to be effectively utilized until the state of the art
enables the nnplenwmatmn of small, stand-alone com-
puter systems in each practice setting. This "prompteds
NCHSR efforts fo develop the COSTAR V system dis-
cussed elsewhere in this paper. The medical practices”

requirement that most of the applications be modified
to mees their needs prompsed the “Multi-Environment

Scheme” (MESCH) under development®at Washington

University (Zimmertan, HS 02760). MESCH addresses

the issues of the high cost associated with customizing

computer applications and the difficulties of transferring -

applications b(‘yond the developing institution. MESCH.
would ofpuate in three phases (1) the practice is given

an opefing software package which presents a mgnu

from which selections can be made to specify and detail

the particular characterisfics 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 applicatio‘r?

package, producing a custom-fit package that is generated

without costly programming; and (3) the application is
ready to run with the same efficiency as if it had been

band 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 narrow-band com-
munications applications discussed latet it the section on
Telemedicine. Of these, the ECG ‘application is the
most widely disserninated, and over 1,008 phygician
offices now routinely transmit patient ECG data to cen-
tralized computer facilities fog analysis and interpreta-

on. The sizgable library of medical application programs
difcussed previously 1
to be more widely used as COSTAR and other physician-
office-based, low-cost, and-highly flexible computer sys-

* tems begin to make their appearance in the primary

care setting. - :

Telemedicine. Telemedicine utilizes telecommunications
technology.to transmit voice, da;a, and images between
health cara providers in geographicallygseparated sites.
The term was originally applied to two-way television
systems that were demonstrated in the 1960’s to show that
“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 instantaneous, as-needed basis. :
Telemedicine technology involves at least three kinds

of costs: (1) capital investment and equipment mainte-

this section can also-be expected

V.o e
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nance, (2) payment for the services provided remotely,
and (3) long distance telephone charges if the two
communicating sites are not in ‘the same dialing area.
Evidence to date indicates that benefits do not exceed
costs. Comparing television to telephone as a backup
modality for a'nursepractitioner in neighborhood primary
care clinics, the telephone proved to be the better modal-
ity ( re, 1975). An analym of two-way television to

‘pmwd ackup support for nupcpracmloncra in pediatric
clinics showed that a single pediatrician would have to
supervise five pediatric clinics in order for the system to
“break dven.” In the rural\pnmary care setting, it has

telephon(‘ for_purposes of coming to-a diagnostic
(Conmth 1975) Based on these observations,

" contracted wit the MITRE Corporation to détermine

analytically and practically what tcchnology is needed
to support an isolated nonphysician provider (Dhillon
and Bennett, 1975; Doermann, 1975). .

One incentive for ingtalling telemedicine systems in
rural primary care settings js 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_gredter.. A physician can see
more patients per hour and make more money by having
patients come directly to his office thap he cah ‘by
providing teleconsults via telemedicine. Iri addition, there
is some concern about malpracticc charges and indica-
tions that insurance companies may increase the insur-
ance premium of physiciahs participating in a tele-
medicine activity (Gravenstein, HS 01390).

I .
Information odpport actIlety

"NCHSR Information Support, Activities are directed at
both the Inpatient and Outpatient Support Systems de-
scribed previously. For-the most part these are concerned
with information handling programs that assist the pro-
vider. Using large data base techniques, 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 provider’s access
to that_kfowledge, and a variety of consultation pro-
grams have been developed ghat,perform that function.

Databanks. In medicine, recording extensive and de-
tailed ipformation 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 provnde the physician with a
longitudinal profile 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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among the various providers concetped with the patient’s
care. Bocause of fhe way all thefe drta—fre organized
and the information recordet, it pa virtually impossible

for most physicians to systematicplly tap the clinical’

experience buried in their files, amd the physician has
had .to rely on his memory. Retrospective stekdies 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 study. With the
introduction of computers for medical record keepfng it
is now possible to examine the totality of clinical expéri-
ence within the file for the individual practitioner. Even
more intriguing is the -})rosp(‘Ft of being able to share an
aggregated clinical .sxpgrience among mtereqted pneu-
tlonoh ma partlcul'u area. '

Almost 50 percent of the population suffers from one

or more chtonic diseases. Not all of these are disabling
and debilitating illnesses, perhaps only 10 percent fall
into that category, but it decs represent a significant lgad
on the health care system. The nature of chronic dlqez(l\&
is such that it requires the patient be given continuing
follow-up and attentson. Since disability is a frequent
result of chronic illness, the economic impact of lost
productivity. is significant. Further} 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 outcotne vari-

‘able, certain key descriptors were identified in the data

base that were of prognostic value. These descriptors then
were used to identify those patients who might benefit

* from surgical intervention and those who definitely would

not. Based on thesge 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 rtheumatoid arthritis, lupus, scleroderma, and juvenile
rheumatoid arthritis (Fries, HS 01875) . The groundwork
for this effort was developed by the American Rheuna-
tism Association by sponsoring a cooperative effort to
arrivé at a common vocabulary, terininology, 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 the history, signs, symptoms, laboratory tests, exer-’

cise electrocardiograms, catherization laboratory data,

“ and progress notes obtained in the course of the patients’

“chinic visits (Rosati, HRA 230-76-0300).

This informa-

tion is analyzed to assist th& physician in making the.

choice between treating the patient nedically or treating

.

tategories

hitn surgically. The system” picks out all patients in, the
databank who are similar to the one currently under
treatment and presents the information m sabular 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 trcatment choices. The project has been suc-

cessful in identifying subgroups of patients whose suryival

3 - ,
would be increased by surgery and subgroups where
surgery and medical treatment seem to make no differ-

ence in survival, An interesting additional finding of this
research has 1)0(5:\ the identification of a group ¢f heart

tack patients who can be safely discharged- from the,
?gpital aftgr only seven days stay, some cleven 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 /fgaSi-
ble. ) )

I's

Computer based consultation. The shcer amount of
knowledge (information) required to appropriately care
for patients is rapidly becoming greater than the memory
capability of most physicians. Computer-based consulta-

. tion systems are being" devclopcd which use the computer
-
to gather, store, and process medical/clinjg

data for
the specific purpose of supporting and ¢ y in direct

patient care. These activities tend to fall into two general
» systems which monitor adequacy of care (e.g.

detection of pogential drug-drug interaction) and systems
which suggest diagnostic procedures and therapy. Some
systems &o both. An example of a project which monitors
patient care is the MEDIPHOR systemn 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 a visory
which, dcpcndmg on the severity of the interaction, is
placed in the patient’s medical record or is sent dlrectly'
to the attending physician. The advisory also contains
consultative information in the form of syggested drug
alternatives, dosages, and routes of entry. The MYCIN

system, also developed at Stanford University (Cohen,

HS 01')41) , serves as an example of a strictly consultative

systemi, Using a rule-based gpproach, c'gmmonly referred

to as artificial intelligence, MYCIN *“acts” like an.expert

in infectious diseases. The system queries the physician
to obtain patient cliical information and, as more infor- -
mation is gathered, makes (and updates) recommenda-
tions on what the unknown organism may be and what
the best choice of antibiotic is based on the current com-
pleteness of ‘the patient data base (results of bacteriologi-
cal tests and other<dianostic related information). The
system has other rather unique and useful properties in
that it can easily be “educated” by adding rules and it
will, when so instructed, go through the logic of its
recommendations step-by-step, making it a powerful
teaching tool. ,
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" of dialogue, a problcm that is not
until more acceptable ways of mtcrfa( ing with the system -
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Uter acceptance of such a\ystcma is an_important con-
cern and one that is currently under evaluation at. the
Beth Israel Hospltal (Blcnch HS 00188). Despite the
excellent clinical performmnce of the hlectmlytc and
Acid-Base Program physicign utlluatloﬁ of the program
has been disappojptingly low, especially if the better
staffed urban hospitals. Usage Mcreases after implemen-
tation in smaller hospitals, but only temporarily, indicat-
ing that the major use of such systems: is educational.
Too many busy physicians have been deterred by system
interface requlrements on their time, attention, and mode

are developed. C \

* The R§J.P system at the, University of Utah usey a
different consultative approa(h (Warner, B8 01053).
This system has access to a variety of patient information,

including history, clinical laboratory tests, physiological .
parameters (when the patient is in the ICU), nurses’

notes, and X-ray results. As information is accumulated,
varions 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-

tion the data base has created in the HELP sectors. The
PROMIS system at the University of Vermont uses an
obposite 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
mtcractmg with the system, insuring that the physlcmn
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- °

- gping is how to maingain and update the growing num-

ber of rather extensi
action, medical care guidance frames,

e data bases (e.g. drug-drug inter-
and 1acid-base

. consultations). It may soon be necessary to designate and

organization(s) to be responsible 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 frames 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 terminals 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

N

ely to be solved -
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a centralized data store. These “data bursts” contain
complied instructions similar to those developed for the
computer-assisted instructian author languages, and are
complete with display frames, branching insgructions, and
the necessary calculations to process o €RT screen of
information. The project objectives are to develop an

_efficient system for questionnaire administration, to dem-
onstrate tht technical and medical feasibility as well as .

the economic possibilities of a broagdcast-based automated
system for history gathcrmgB and to devélop appropriate
terminals for uge in such a broadcast scheme. The- devel-
opment of the gpetial trandmitter and ceiver hardware
required for the system has been complcted.-

Another hardware innovation supported by NCHSR
is the interface and control for a Graph-pen Yonic digitizer

-(Rosati, HRA 230-76-0300). 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 determinations of volume and normality of contrac-
tion. While the Graph—pcn(@mc digitizer was commper-
cially availabtt, it had, to be modified to allow it to run
simultaneously with the other users of the computer. An
interface was designed that traggferred the burden of
control of the Craph pen from the central computcr to
a local microprocessor while at the same time improving
the efficiency of transmission of the digitized,data.

Technology transfer \

‘The diffusion of technological innovations within the

health_care system is a problem of sufficient magnitude

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 00188) and computer-storéd medical record systems

(Barnett, HS 00240; Weed, HS 00173) represent tech-

nologies whose, application lags, in part because of the
“absence of educational transfer policies. Reduction of the

lag time hetween dévelopment 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 resalution of other major
health care issues, such as productivity and access, cost
containment and ﬁnancmg, and quality assurance and
improvement. Any strategy that would attempt to affect
this lag time must include the development of improved
mehodo]ogies for the study of the process and outcome
of technology transfer in the context of organizational
structures, industrial incentives, and the role of user’s
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groups in influencing th% rate of diffusion as well as the
cost and nintehance of the technological innovation.

Such methodologies have been applied only. recently
as in the current Techmology  Assessment (‘TA)  of
Conmputerized Tomographyy(CT) Scanners. Tn this 'TA,
health |)|;n'|n(-rs‘ providers, and researchers are secking to
learn, as carly and as precisely as pdssible, the impact
of this technological innovation on human health, the

cost’ and effectiveness of healtly care, and the allocation’

of uational' health resources. ] -

Until recently’ NCHSR program activities in technol-
ogy; transfer lave emphasized the following: (1) the
'n\'(‘rmnom':s"‘-r()_l(‘-in providing irl(fonti_\'(~s to the tech-
“nology transfer process suglt ns user gmui)s (Znnmennan,
IS_01540), system performance  certification  (Hsieh,
TIAA (003), sﬂrn(lnr(li"mtion (OrNeill, TAA 730001) and
technical assistance programs (Hsieh, TAA 0003); (2)
mcreasing the knowletlge base on the value of information
dissemination (Lave, HS 02122) : and (3) the ds‘v(‘lo|)~
ment of new technologies, such as the MESCH system
for customizing conmputer applications (Zimmerman, TS
02760), which enhances the exportability of other, newly
emerging technologies. These activities gre in addition to
the many demonstrations and evaluations of new tech-
nologies being conducted, the several surveys and state-
of-the-art stndies of deploved or emerging technologies,
and the numerous technology conferences and publica-
tons imtiated by NCHSR, all of wlhich partially address
the dissemination issue.

Two NCHSR technology project areas which had as
aprimaty objective the facihtation of technology transfer
were  computer-assisted (‘I(‘(‘tm(‘ul‘(li()gr;\p]‘ly and  the
MUMPS computer langiage. Both had stro
of user group participation in product develop

r clements
ait and
ro-

both relied on centralized resources for software r
duction, maintenance, and distribution. Both also in-
chuded pgocedures for product standardization and certi-
fication as well as a mechanism for technical assistance
during the adoptec’s implementation phase.

In 1968 NCHSR assumed responsibility from a prede-
cessor organization for an intramurally developed electro-
cardiogram (FECG) analysis system (FCAN). At that
time the technology had been demonstrated, under labos
ratory conditions, as being capable of accurately pev-
forming the cardiologist function of measuring the ECG
wave and providing an interpretation. A prototype sys-
tem, with the coopergtiop of 30 remote hospitals and
clinics, was processing  over 50,000 FCGAs per year,
During this same period comparable systems were under
development at the Washington Veterans' Administration

Hospital, the Mayo Clinie, 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-
serviee ()l;(‘l‘n(iOl\. ‘

The NCHSR program tg initiate such a transfer was
the first, It began with the 1969 contract to St. Luke's
Hospital in Denver to demonstrate the feasibility of such
systems to process the ECG’s of an inpatient population
for a large region. By 1973 all of the over 20 participating
hospitals had clected to continue the S(‘I'l\'i(‘(‘:i on a fee-

1
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for-service basis (Elliott, HSM 11089-414). Physician
feedback from the Denver project was used to improve
the systenr’s performance (Sandberg, HS 110-72-077)
and formahize a user’s group (Hsich, TAA 003).

Over 400 tape copies of the ECAN, source code were
disseminated, and adopting institutions were encouraged
to participate in a data pool strategy that provided
techmeal assistance and leading to certification of “the
program’s performance in the adoptee’s environment-
( Barnes, 1976). Awareness of the tc;(‘hn()'h)gy was sds-
tained by participption of the professional societies (Drei-

“fus, 1978) and efforts to promote standardization 6f EGG

criteria and diagnostic terminology (Gole, 1975).°

By 1975 over 4 million ECG’s were being computer-
processed annually, providing services to approximately
2,000 hospitals and an equal pomber of ambulatory care
settings (Drazen, 1972). Most of this vblume is processed
telephonically by fewer than 20 nationa) or regional
ECG service bureaus, The three largest companies, which
account for over one-third of the total munber of com-
puter-processed ECG's, all initiatéd their services using
the NCHSR ECAN program. These three organizations
have since applied their own research and development
fumds 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 .
only for their own facility lease the TBM program, which
is continuously being updated and improved. The Mayo
and the Veterans’ Administration programs have had
little impact heyond their developing institutions, Al-
though NCHSR still receives and fills frequent requests
for FCAN documentaion,, it no longer supports program
enhancement.

MUMPS, the computer language and operating systemn
developed at the Massachusetts General Hospital (Bar-
nett, HS 00240), 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 emulated. By 1972 there were eight
dialects of the language in use throughout the country
(Johnson, 1972). Literally hundreds of medical applica-
tions were being developed, a dozen or more supported
by NCHSR! and many more by the growing number of
institutions that as part & their shift towards minicom-
puters had adopted MUMPS as the' language of choice.

The transfer of applications between institutions which
used different dialects was a diflicult, expensive, and
time-consuming  procedure  (Lucas, 1976). In 1973
NCHSR iitiated an interagency agreement with the
National Burcau of Standards to.develop a strategy for
standardization of the language (O'Neill, TAA 730001),
an effort which culminated with the 1977 announcement
that ““I'he MUMPS l,mwuug(\ Standard” had been ap-
proved by the American National Standards Institute
(ANSDY. The MUMPS Users' Group, established in
1974, contributed to this acceptance through its programs
to establish a central resource for all MUMPS documen-
tation and to facilitate the exchange of information be-

ERIC ” o )
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tween both individual and insstutional users (Zimmer- participants, elected to continue its responsibilities for

man, HS 01540). Upon the 1976 termination of NCHSR maintaining and enhancing the propased standard, Like-
funding for the standdrdization effort, the MUMPS wise in 1977 the MUMPS Users’ Group became an -

Development Committee, composed of over 50 volunteer incorporated, not-for-profit enterprise. |
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